












"Communications to the Editor"

M ANY of the innovations added to ANALYTICAL CHEM
ISTRY over the past five years are the result of the active

participation of the Advisory Board. The editor welcomes
this opportunity to acknowledge publicly and with warm ap
preciation the interest and valuable assistance rendered by
its members.

At the most recent meeting of the board, the suggestion was
made by 1. M. Kolthoff that a section "Communications to
the Editor," devoted exclusively to scientific matters, be
added to the journal. We look with favor on this proposal,
although we realize full well that such a department may add
further trials and tribulations to the editor's daily life. Our
sole objective is to publish a journal that meets the needs and
requirements of 'analytical chemists the world over. A few
more responsibilities are welcomed by a loyal staff who derive
much personal satisfaction from the services rendered the
profession of analytical chemistry.

Many research projects are pursued for years before the re
sults are published. This is especially true of many forms of
research conducted in colleges and universities. A thesis for a
doctorate usually is published after the candidate has received
the degree, and frequently publication is delayed for several
years. During the course of such research discoveries often
are made which are of wide interest to workers in the field.
Occasionally research in fields other than analytical will dis-·
close information of a fundamental nature that is of definite
interest and value to analytical chemists,

During a research study for an advanceddegree frequently
new reagents for qualitative detection and quantitative de
termination of inorganic and organic constituents are dis
covered, classical techniques are greatly improved, and new
physicochemical principles are used in quantitative analyses.
These are but a few examples of many instances where the
literature could be enhanced by a "Communications to the
Editor" section. After such discoveries have been made con
siderable time may elapse before an exhaustive study is com
pleted and'sufficient results are compiled to warrant prepara
tion of a detailed manuscript. We believe readers of ANA
LYTICAL CHEMISTRY will welcome an opportunity to be in
formed of new discoveries which can be appropriately reported
in the new department in the form of a brief but exact "Com
munication to the Editor." This new column will adhere to
the high scientific standards maintained throughout the jour
nal. It is not intended to take the place of "Notes on Analy
tical Procedures" or "Aids for the Analyst," each of which
serves a most useful purpose.

Scientists in other fields of chemistry often obtain results
that are indirectly of great significance to analytical chem
ists. ANALYTICAL CHEMISTRY is usually not the most suitable
medium for the publication of studies on solubilities, oxida
tion-reduction reactions, acid-base reactions, catalyzed and
induced reactions, properties of precipitates, etc. Yet read
ers of ANALYTICAL CHEMJ.STRY would welcome an opportunity
to get acquainted with the main results of such studies, which
are appropriate for the new column, especially when their im
portance to analytical chemistry is clearly emphasized.

The new column offers speedy publication of new discover
ies of major analytical importan,ce. We must ask, however,
that those who avail themselves of this opportunity use it
with discretion and always with the rights of others in mind.
In order to maintain high quality, communications will be
handled in a manner similar to that employed for more
lengthy manuscripts. Frankly, the success or failure of th,is
column will depend upon the speed with which contributions
are reported on by reviewers and the care and wisdom they
use in making their recommendations. Our highly favorable
experiences of the past indicate that we will have the loyal
support of the army of reviewers in this new editorial venture.
We have said time and again, and once more we repeat, that
we believe no profession is more conscious of ethics than is the
chemical profession. The structure of scientific publications
would have crumbled years ago if scientists hadnot lived up to
highethical standards.

Many proffered communications will be rejected, just as
many manuscripts are rejected, for one or more reasons. Of
those Who may receive rejection slips, we ask forbearance and
a spirit of understanding. One of the most pleasant duties of
an editor is to write a letter accepting a manuscript or com
munication; perhaps his most unpleasant duty is to reject
one, for the editor appreciates the time and energy expended
in the research work; done and the effort devoted to the 'writing
of a manuscript. No great writer has not produced his quota
of relatively mediocre work; no great actor is outstanding in
every part he po~trays. Similarly, a chemist must expect,
at times, to receive critical analyses of his results. Noone is
endowed with perfection, and editors are not exempt from
inclusion among the fallible.

Thus we offer still another service to our authors and read
ers in our effort to provide a positive and dynamic approach
to scientific and technical journalism in the broad fields of ana
lytical chemistry. This is your journal and is edited to serve
the best interests of analytical chemists.
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DOUBLE, BOND INDEX
A Correlation Useful for Classification of Aromatics and Olefins in

Petroleum Fractions

:VI. R. LIPKIN, ALBERT SANKIN, AND C. C. MARTIN

Sun Oil Company, Norwood, Pa.

Double bond index' is defined by the equation:

DBI = .;...(Il_-_9-=8)--=-(M_+",-,_1-=7)
3190 Q

where Ii is specific,dispersion for the F and C lines of hydrogen, M is molecular,
weight, and Q is the number of double bonds per molecule. .Double bond index
is useful in identifying the predOIninant type of aromatic or olefinic hydro
carbon in a petroleum fraction, regardless of the presence of paraffins. and
naphthenes. The data necessary are specific dispersion; molecular weight,
which can be obtained either from density and mid-boiliqg point.or from vis
cosities at 100 0 and 210 0 F.; and number of double bonds per molecule, which
can be calculated from per cent hydrogen before and after complete hydrogena
tion of the sample. At present this correlation is regarded as a research tool
and not as a routine analytical method because the determination of number
of double bonds is tiDle-consuming.

KEY
o ALKYL BENZENES

+ ALKYL NAPHTHALENES
• ALKYL ANTHRACENES
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called attentoon to the fact that at that time only paraffins and
monocyclic ~aphthenes were considered, anQ. that polycyclic
naphthenes are now believed to have specific dispersions system
atically lower than 98. He has measured specific dispersions as
low as 95 on medicinal white oils. The dltta available to the
authors indicate that the average for naphthenes present in
petroleum may be as low as 96 or 97, and that a few naphthenes
may have specific dispersions as low as 94. There are relatively
few data available on the specific dispersions of polycyclic naph
thenes, and as those specific dispersions are not usually lower'
than 96, the·earlier value 98 has been used in the derivation of
the present correlation.

A property called specific dispersion per double bond is used
in this paper. Specific dispersion per double bond is defined as
the specific dispersion of sample minus 98 divided by the average
number of double bonds per molecule. Number of double bonds

o

o

Figure 1.
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RECENT research in hydrocarbon analysis has been directed
toward the determination of quantity (3, 8, 9, 15, 16, 26)

and type (6, 14, 18, 27, 31, 32) of olefins and aromatics in pe
troleum. For this purpose specific dispersion has been-a most
useful property because it is nearly constant for paraffins and
n,aphthenes, increases with increasing unsaturation, and varies
considerably dependipg on the position of the double bonds
relative to each other.

In the gasoline boiling range, the quantity of aromatics may
be deterJIlined from the specific dispersion with correction for
olefin content by using the method of Grosse and Wackher (9)
or the method of Groennings (8). These methods are limited to
gasolines of low end point which contain no dicyclic aromat
ics. Many investigators (6, 14, 27, 31, 32) have recommended
the use of specific dispersion for the identification of type of
hydrocarbon because of its dependence on'the number of double
bonds and the configuration of the
molecule. Thorpe and Larsen (27)
have developed a simple system for
the calculation of specific dispersion
from a knowledge of structure, which
enables one to calculate accurate spe
cific dispersions for most olefins and aro
matics and to explain the wide dif
fere~ces in specific dispersion between
types such as anthracenes and phenan
threnes, which are both condensed tri
cyclic aromatics. Specific dispersion
itself and the constants developed by
Thorpe and Larsen are both particu
larly useful for identification of pure
compounds but of limited value for
mixtures such as petroleum frac
tions.

The average specific dispersion (for
the F and C lines of hydrogen) for
paraffins andnaphthenes has 'previ
ously been reported as about 98.3 (27,
31), Von FUchs (30) has recently
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saturated hydrocarbons also show straight lines converging at
the origin.

Figure 2 shows a plot of specific dispersion per double bond
against reciprocal of molecular weight plus 17 for several im
portant groups of unsaturated hydrocarbons. Most of these
hydrocarbons are divided into two groups with the specific dis
persion per double bond of the higher group about twice that of
the lower at the same molecular weight. The lower group in
cludes cyclic and noncyclic mono-olefins, isolated polyolefins, and
isolated substituted benzenes. The higher group contains non
cyclic conjugated diolefins and naphthalenes. Anthracenes fall
in a third group with the specific dispersion per double bond about
four times that of the lowest group at the same molecular weight.

For convenience, the relation shown in Figure 2 is expressed in
terms of double bond index (DBI), which is defined as the ratio
of specific dispersion per double bond of sample to specific dis
persion per double bond for the same molecular weight at the
line representing the lowest group. The· equation for double
bond index is:

where Ii = specific dispersion for the F and C lines of hydrogen

(
O. O. )np - no X 104

dO ••

as used in this paper refers to both olefinic and aromatic unsatura
tion, as determined by the quantity of hydrogen that can be
added to the· hydrocarbon molecules. All aromatics and olefins
are included in the general classification of unsaturated hydro
carbons.

Specific dispersion per double bond gives a more definite classi
fication of unsaturated hydrocarbons than does specific dis
persion itself. Using specific dispersion per double bond, most
unsaturated hydrocarbons fall into definite classes and such
types as mono-olefins and alkyl benzenes fall into the same class
although they are of widely differenhpecific diSpersions.

Several terms must be defined for use in subsequent dis
cussion. Aromatics and olefins are treated as if they consist
entirely of single and double bonds. A double bond separated
from all other double bonds by at least two single bonds is known
as an "isolated" double bond. When two or more double bonds
are mutually conjugated or adjacent, there is an interaction which
makes it necessary to consider this gr.oup of double bonds as a
single "unsaturated system." The word "isolated" is also used
in describing the separation of such unsaturated systems by at
least two single bonds. Thus the group name "isolated benzene
hydrocarbons" includes such compounds as benzene, diphenyl
methane, 3-phenyl-l-propene, and 1,4-dihydronaphthalene, but
excludes such compounds as naphthalene, biphenyl, styrene,
and 1,2-dihydronaphthalene.

DERIVATION OF DOUBLE BOND INDEX

DBI = Ii - 98-Q-
3190

M + 17
(0- 98)(M + 17)

3190 Q
(1)

Figure 1 shows a plot of specific dispersion per double bond
against molecular weight for alkyl benzenes, naphthalenes, and
aiJ.¢racenes. The curves drawn for these· series show that
specific dispersion per double bond decreases with increasing
molecular weight. These curves are converted to straight lines
which intersect at the origin by plotting specific dispersion per
double bond against reciprocal of the quantity, molecular weight
plus 17. On such a plot most other homologous series of un-

M = approximate molecular weight, and Q = number of
double bonds per molecule.

Double bond index is a more converiient property than specific
dispersion per double bond because, for a given unsaturated sys
tem, it does not vary with molecular weight. For instance, a
mono-olefin of 100 molecular weight and a mono-olefin of 500
molecular weight have very different specific dispersions per
double bond, but both have double bond indexes·of 1.
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Table I. Double Bond Indexes
No. of Group Plotted

Carbon Structure Example b
Com- Av. Av. Average Av. inTypea pounds DBI Dev. DBI Dev. Figure References

Isolated olefins 0.9 0.1

Cyclenes O-R 41 0.8 0.1 2 27,33

Alkenyl cyclenes O-C=C-R 3 0.9 0.1 2 27

Alkenes C=C-R 135 0.9 0.1 2 1,4,27,33
Alkadienes C=C-R-C=C 5 0.8 0.1 2 27,33
Alkatrienes C=C-R-C=C-R-C=C 2 0.9 0 2 27
Alkenyl cyclane C-C=C-C-C I 1.1 2 27

/~

Alkylidene cyclanes O=C-R 6 1.0 0.1 2 27

Isolated benzenes 1.1 0.1

Alkyl benzenes « »-R 47 1.1 0.1 2 1,21,23,27,3.'

AI'kenyl benzene « )--C-C=C-C, 1.0 2 2

Diphenyl or substituted diphenyl alkanes « »-R-« » 9. 1.0 0.1 2 7,21,23,27

Triphenylalkane <<( »}-C 1.1 2 27

9,10-Dihydroanthracene coo 1.2 2 27

~ ~

Cyclyl benzene
« )--CI 1.0 2 27

Cyclano benzenes R-OO 9 1.2 0.1 2 27

Cyclenyl phenyl alkane
« »-C-C> 1.1 2 27

Cycleno benzene 00 0.9 2 27

Conjugated benzene olefins C. 1.5 0.2

Two isolated atkenyl benzenes ( « »J=c-c.-} 1.3 3 21

I,I-Diphenyl alkenes <<( )}C=C-R 4 1.4 0.1 3 17

Alkenyl benzenes « >--C=C-R 8 1.5 0.3 3 1,21.27

Cyclenyl benzene O-C> 1.5 3 27

-C=C
Dialkenyl benzene

« ~C=C 1.7 3 27

Alkenyl cyclano benzenes CO-C_C-R 2 1.7 0.1 3 21

CycLeno benzene OJ 1.7 3 27

Biphenyls 0-< )-R 3 1.5 0.1 3 7

Conjugated olefins 1.9'· 0.1

Cyclodienes «_ )-R 10 1.4 0.3 3 7,27..33

Alkylidene cyclenes (-=:>=C-R 3 1.9 0 3 7,27

Alkylidene 2,5-cyclohexadienes O=C-R 8 ~.8 0.1 3 27

Alkadienes C=C-C=C-R 20 2.0 0.1 2 1,27,33
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Type"

Naphthalenes

Carbon Structure Example b

No. of
Come

pounds
Av.
DB!

Av.
Dev.

Group
Average

DB!

2.0

Plotted
Av. in
Dev. Figures References

0.1

Alkyl naphthalenes

Cyclano naphthalenes

Conjugated alkenyl naphthalenes

Phenanthrenes

Conjugated benzene diolefins

Anthracenes

o
(X)-c~
«.')-C=C-C=C-R

17

4

4

5

2.0

2.0

2.0

0.1

o

0.2

2.5

3.2

4.4

0.1

0.3

2

2

2

3

3

2

21,27

27

21,27

13

27

• "Isolated" is used in place of "nonconjugated nonadjacent." The generic names of the subgroups follow the system used by Egloff (7). This system
differs from the "Definitire Report of the Commiss'ion of the Reform of the Nomenclature of Organic Chemistry" translated by Patterson in 1933 (2,4) in that
it substitutes "cyclane. cyclyl, cyclene, and cyclenyl" for "cycloalkane, cycloalkyl, cycloalkene. and cycloalkenyl," respectively, and also adds the words IIcy_
cIano" and "cycleno" as defining the radicals formed by the fusion of a cyclane or a cyclene, respectively, with another ring structure.

b Where there is only one compound in a subgroup, the example of carbon structure shows the compound for which data were available.
c This average excludes conjugated cyclodienes, as there is a definite trend in this subg~oup. .

Table II. Double Bond Indexes of Several Unusual Hydrocarbons, Some of Which Show Effect of Internal Mixing

Em- Spe.- Em- Spe-
piriesl cific piriesl eific
For- Dis- Ref- Fer- Dis- Ref-
mula persian DB! erence mula persian DB! erence

(II C,H, 228 1.2 7 7 (jJJ CURIO 288 1.8 27

'" /

"=0
c.

2 CUHII 173 1.3 S7 8 ( . ')-{ >-6=C-Cl' C..H.. 177 1.9 27

C ~ '-b=C
c.

9 { >-{ :>-6=c-clO C 34R62 197 2.1 27

"=03 CuRu 168 1.3 S7 C
C-C ~ ·-b=C

10 ( ')-c~6-{ ') CURl4 325 2.1 27

4 c~~:VtC C UR20 161 1.3 re7 0O-C=C/ -11

- ~')
C2oH16 374 2.4 27

c=e-c 12 C=C-,C=C-C=C C,H, 331 2.4 27
I

{ >-( ') Cl6H18 222 1.5 27
C-C-C

5

n\6
13 C,HlO 341 3.1 9,4

OJ C-C-C-C

C"H.. 208 1.8 21 n< )-6=C-C16

14 C,H" 322 3.2· 9,4
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.Figure 3. Classification of Unsaturated Hydrocarbons

Lines of constant double bond index equal to I, 2, and 4 have
been drawn on Figure 2 to demonstrate the classification of some
of the unsaturated hydroc9.rbon~. There are several groups of
unsaturated hydrocarbons not shown in Figure 2, which have
double bond indexes intermediate between these lines, and these
are discussed below.

DOUBLE BOND INDEXES OF PURE HYDROCARBONS

Tables I and II show the double bond indexes for all unsatu
rated hydrocarbons (with the exception of acetylenes), on which
experimental specific dispersions are available.

In Table I, 359 compounds are divided into nine major groups,
many of which are further divided into subgroups. The nomen
clature used is, in general, the same as that used by Egloff (7).

The average double bond indexes for the various groups and
the average deviations within each group are shown in this table.
The data for individual compounds are plotted in Figures 2 and
3. Table II shows double bond indexes for several unusual hy
drocarbons which cannot readily be classified in Table 1.

Mono-olelins and isolated polyolefins, which behave like mono
@lefins, have double bond indexes varying from 0.8 to 1.1 and
an average double bond index of 0.9. Alkyl benzenes and all
other isolated benzene aromatics' have double bond indexes
varying from 0.9 to 1.2 with an average value of 1.1. Thus,
isolated olefin double bonds and isolated benzene rings have
nearly equal double bond indexes. Figure 4 shows a plot of
double bond index against molecular weight for all the isolated
benzenes. There is a distinct trend toward higher double bond
index with increasing number of substitutions on the aromatic
ring as evidenced by pentaethyl- and hexaethylbenzene. Ben
zene itself has a double l;>ond index of 0.9 and most of the com
pounds are grouped between 1.0 and 1.2.

When a benzene ring is conjugated with an olefin bond or a
second benzene ring, tbe average double bond index is about 1.5
as shown for the conjugated-benzene olefins or styrene type hy-

drocarbons and for the biphenyls. There is, however, con
sid~rable variation in the conjugated benzene olefin group, as
shown in Figw-e 3. .

Conjugated diolefins have double bond indexes near 2.0 except
for the lower molecular weight members of the conjugated cyclo
diene series. 1,3-cyclopentadiene and 1,3-cyclohexadiene have
double bond indexes of 0.8 but there is a definite trend toward
2.0 as side chains are added to these rings (see Figure 3). Thorpe
and Larsen (27) have already noted that as far as specific dis
persion is concerned, the parent compounds behave like benzene,
and the substituted compounds, more like conjugated diolefins.
Unfortunately, there. are no conjugated alkenyl cyclenes on which
specific dispersion data are available, but because of the alkyli
dene cyclenes and the alkadienes, a double bond index near 2.0
for conjugated diolefins is fairly well established. Naphthalene
derivatives. also have double bond indexes of 2.0, so that the
naphthalene system and the conjugated diolefin system have
equal double bond indexes.

The only alkyl phenanthrene on which specific dispersion has
been reported shows a double bond index of 2.5. Four conjugated
benzene diolefins show an average of 3.2. The anthracenes have
an average double bond index a little above 4.0, which means
that their presence in a hydrocarbon mixture should be easily
detected.

Table I shows that the average deviation within any major
group is usually less than 10% of the double bond index for the
group and that the differences between major groups are sufficient
to make double bond index useful in the analysis of complex
hydrocarbon mixtures.

Table I shows the double bond indexes of nine major unsatu
rated systems. The double bond index of a hydrocarbon con
taining two or more isolated unsaturated systems is the average
of the indexes of the individual systems weighted according to
the number of double bonds in each system. Many of the
compounds in Table I contain two or more isolated unsaturated
systems with equal double bond indexes. For such a hydro-
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EXPERIMENTAL

where M is molecular weight before hydrogenation, H o is weight
per cent of hydrogen before hydrogenation, and H h is weight per
cent of hydrogen after hydrogenation.

Hydrogen deterrinations may be made by combustion meth
ods (10, 25, 28) or from the correlation of Cauley and Delgass
(5) using aniline point, gravity, and boiling point. Per cent
hydrogen is used rather than per cent carbon, because the pres
ence of even small quantities of nonhydrocarbons causes serious
error in number of double bonds calculated from per cent carbon.

A procedure for hydrogenation of petroleum fractions used in
t~is laboratory is as follows: A ratio of approximately 1 part by
weight of wet Raney nickel catalyst to 2 parts of sample is used.
(Raney nickel is stored under water to prevent its oxidation.)
The catalyst is removed froni the container, the excess water is
allowed to drain off, and the catalyst is weighed while wet. The
catalyst is waShed in a beaker with several portions of absolute
methanol, and each washing is decanted through a Biichner
funnel. After the third washing the catalyst is transferred to the
Biichner funnel and the excess solvent sucked off until the
catalyst begins to get hot because of the oxidation of the nickel.
A small portion of sample is immediately added and the catalyst
and sample are rixed. The excess sample is then drawn off the
Raney nickel by suction and the catalyst is rapidly added to the
sample in a beaker and stirred well. It is important that the
catalyst. be well dispersed in the sample in order to get efficient
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If the sample is not completely hydrogenated after one hydro
genation, the procedure should be repeated with fresh batches of
catalyst until no unsaturation remains. In general, gasoline
saIP.ples can be hydrogenated in one treatment, but heavier
samples such as lubricating oils may require three or more hydro
genations. Aromatic concentrates in particular may require
many hydrogenations.

Specific dispersion has been used to measure the cOIP.pleteness
of hydrogenation. The F-C specific dispersion for paraffins and
naphthenes is 98.or less. However, this method is sOIP.ewhat
insensitive for fractions of high molecular weight, such as lubricat
ing oils, because two units in specific dispersion IP.ay be equiva
lent to as much as 5% unsaturation. Refractive index is more
sensitive to unsaturation, and a more accurate method for deter
rining complete hydrogenation is to obtain refractive index
before and after an additional hydrogenation. If there is no
change in refractive index, the sample is completely hydro
genated. Infrared and ultraviolet absorption methods for deter
mining completeness of hydrogenation are being investigated.

Figure 4. Double Bond Index VB. Molecular Weight
for Isolated Benzene Armnatics .

1.6

hydrogenation. Failure to disperse the catalyst is usually due to
incomplete removal of water in the alcohol washing procedure.

The sample-catalyst rixture is transferred to the hydrogena
tion. apparatus and hydrogenated at 200 0 C. and 2000 pounds'
pressure for 3 hours. After hydrogenation the sample is filtered
to remove the catalyst. (In some cases the quantity of sample
available for hydrogenation may be too small to perrit washing
the catalyst after the alcohol washings. In such cases alcohol will
be present in the hydrogenated sample and must be removed by
washing the sample with water and drying it over calcium
chloride.)

1.8

2.0

ERROR IN DETERMINATION OF DOUBLE BOND INDEX

Double bond index is not sensitive to errors in molecular
weight. When Equations 1 and 2 are combined for the cal
culation of double bond index, (M + 17) appears in the numer
ator and M appears in the denominator, with the result that any
error in molecular weight is nearly canceled.

The error in double bond index due to specific dispersion is
proportional to experimental error in measuring specific dis
persion divided by the increment (Il - 98). Assuming an error
of 2 in specific dispersion, the corresponding error in double bond
index will be less than 10% for all samples having specific dis"

(2)
M (Hh - H o)

Q = 2.016 (100 - Hh)

carbon the double bond index is, of course, equal to that of each
of the isolated systems. Corp.pounds 2, 3, and 4 in Table II
illustrate, however, the phenorp.enon of internal rixing-that
is, the presence in the sarp.e rp.olecule of two isolated unsaturated
systems with different double bond indexes. The resultant double
bond index of 1.3 rp.ay be explained by double bond indexes
of 1.5 for the two double bonds in the ring and 0.9 for the chain
double bond.

Corp.pounds 8 to 12 show that a linear conjugation of three
unsaturated groups increases double bond index in contrast to
the effect of branched conjugation of three unsaturated groups,
as illustrated by the 1,1-diphenyl alkenes and the alkylidene
2,5-cyclohexadienes shown in Table 1. Corp.pound 1 in Table II,
cyclo-octatetraene, has a double bond index of 1.2 which is eVi
dence of its sirp.ilarity to a benzene type arorp.atic. No experi
rp.ental specific dispersions are available for adjacent diolefins.

For pure hydrocarbons of known structure the only experi
rp.ental work necessary for deterrp.ining double bond index is the
rp.easurerp.ent of specific dispersion. For unknown hydrocarbons,
petroleuIP. fractions, or other hydrocarbon mixtures, specific
dispersion, molecular weight and nUIP.ber of double bonds per
molecule must be experiIP.entally determined. The following
procedures may be used.

Specific Dispersion. The dispersion (np - no) may be de
termined on an Abbe refractometer or a more accurate instrument
such as the Pulfrich. Specific dispersion is equal to dispersion
times 104 divided by density obtained at the same temperature.
If direct determination of dispersion is impossible because of lack
of equipment or darkness of sample, specific dispersion may be
calculated by the Lipkin-Martin equation (17) from refractive
Index for the sodium D line, density, and molecular weight.

Molecular Weight. This property may be calculated from
50% boiling point and density by the method of Mills, Hirschler,
and Kurtz (22), or from viscosities at 100 0 and 210 0 F. by the
method of Hirschler (11).

Number of Double Bonds per Molecule. Nurp.ber of double
bonds, Q, may be calculated froIP. molecular weight and per cent
hydrogen determined on the sample before and after complete
hydrogenation, using the following equation:
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Figure 5. Hydrocarbon Map for Aroll1atic Concentrates

persions higher than 120. For samples of specific dispersion
below 120, another signific!J.nt source of error lies in the use of
98 as the average specific dispersion for all paraffins and naph
thenes (see Equation 1). For such samples there are two alterna
tive methods for obtaining double bond index accurately within
10%: (1) obtaining accurate specific dispersions before and after
hydrogenation and substituting the specific dispersion of the
hydrogenated sample for 98 in Equation 1, or (2) concentrating
the unsaturates so that the specific dispersion is greater than 120.

Table III. Perll1issible Deviation in .Per Cent Hydrogen
to Give Double Bond Index Accurate to ± 10%

Double
Bonds

Molecular Weightper
Molecule 100 200 300 400 .500

0.25 ±0.02 ±0.01
±O:Ol ±O:Ol0.50 0.04 0.02

±O:Ol0.75 0.06 0.03 0.02 0.01
1.00 0.08 0.04 0.02 0.02 0.01
1.50 0.12 0.06 0.04 0.03 0.02
2.00 0.16 0.08 0.05 0.04 0.00
4.00 0.32 0.16 0.11 0.08 0.06
6.00 0.24 0.16 0.12 0.09
8.00 0.21 0.16 0.13

10.00 0.27 0.20 0.16
12.00 0.24 0.19

Lastly, the experimental accuracy of double bond index is
dependent upon the accuracy of per cent hydrogen determination
(see Equation 2), which is in turn dependent upon the combustion
method used. Therefore, Table III is presented to show the
limits within which per cent hydrogen may vary without causing
an error in double bond index greater than 10%. The permissible
deviation in per cent hydrogen varies with both Q and molecular
weight. In general, for samples having two or more double
bonds per molecule. routine combustion methods (10, 28) with

an accuracy of 0.05% are satisfactory. For samples composed
of large quantities of saturated hydrocarbons and therefore a
small average number of double bonds per molecule, more time
consuming combustion methods (28) with accuracies of 0.01 %
must be used. As a general rule either the more accurate per cent
hydrogen methods should be used or the unsaturates should be
concentrated for all hydrocarbon mixtures having. specific dis
persions less than 120.

DOUBLE BOND INDEX OF MIXTURES

The experimentally determined doirble bond index of a hy
drocarbon mixture is a measure of the proportion of the various
types of double bonds present. For example, double bond index
of 1.5 for a mixture of alkyl benzenes' and alkyl naphthalenes
would indicate 50% benzene double bonds and 50% napththalene
double bonds and, therefore, a ratio of 5 moles of benzenes to
3 of naphthalenes.

Calculations show that the double bond index of a mixture
does not depend upon the concentration of unsaturated hydro
carbons because saturated hydrocarbons make no contribution
to double bond index. Thus, the double bond index can be
experimentally determined either on the original mixture or\m
the concentrated unsaturates, providing the concentration of
unsaturated. hydrocarbons in the original mixture is sufficiently
gfl'lat to permit accurate determinations.

Specific dispersion is nearly additive on a weight per cent
basis, whereas double bonds per molecule and molecular weight
are, of course, additive on a mole per cent. basis. When all
components are of the same molecular weight, weight per cent
equals mole per cent and there is no discrepancy between experi
mental double bond index and the theoretical double bond index
(which could be calculated if the percentage of each type of
double bond in the mixture were known). For ordinary pe
troleum fractions there is no appreciable discrepancy, and cal
culations show that the discrepancy should not exceed 5% of the
double bond index even for unusual hydrocarbon mixtures.
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" Qh is number of double bends per molecule calculated by Equation 3
using molecular weight of hydrogenated fraction. These molecular weights
were experimentally determined; most of the molecular weights of original
fractions were interpolated.

22.8 6.5 2.0
23.5 5.5 2.0
23.9 5.0 1.9

22.5 7.8 2.5
23.5 7.1 2.5
24.7 6.1 2.3
25.6 5.0 2.0
27.2 4.0 1.5
27.7 3.4 1.3
28.3 3.2 1.1
28.5 3.1 1.0
28.9 2.8 0.9

26.7 8.4 2.5

214-218

251-258Series E

Fraction 1

Series C

Fraction
1
7

13
20
26 and 27
30
33
35
37

carbons which would interfere with the use of the hydrocarbon
map. A few representative fractions were completely hydro
genated at the Bureau of Standards to obtain additional informa
tion on their composition. On these fractions, three from Series
B, nine from Series 0, and one from Series E, the authors have
calculated number of double bonds per molecule and double
bond indexes from their data as shown in Table IV. There is
some uncertainty in these calculated values because some of the
data were interpolated rather than experimentally determined
and also because the original fractions contained small quantities
of nonhydrocarbons which were removed during the hydrogena
tion. Equation 3 was used to calculate number of double bonds
per molecule from molecular weights experimentally determined
on the hydrogenated fractions ap.d percentages of hydrogen
determined on both the original and the hydrogenated fractions.

Table IV. Double Bond Indexes of ArOinatic Fractions
Extracted from Midcontinent Crude (19)

No. of C
Boiling Range Atoms

(0 C.) per
at 1 Mm. Hg Molecule Qh" DBI

Series B 198-204

Fraction
12
16
19

APPLICATION TO PETROLEUM

When hydrocarbon analysis methods are used on petroleum
fractions, the effect of nonhydrocarbons must be considered.
The concentration of nonhydrocarbons varies greatly from one
sample to another, and little is known about their structures.
Grosse and Wackher (9) have discussed the effect of nonhydro
carbons on specific' dispersion. However, for double bond
index the effect of nonhydrocarbons on calculated number of
double bonds may be more serious because the nonhydrocarbons
are usually removed during catalytic hydrogenation. The
authors believe that, for aromatic fractions· containing not more
than 1 to 2% of nonhydrocarbon elements, the interference is not
serious.

In petroleum fractions double bond index can be used to
classify the unsaturated hydrocarbon types because it is de
pendent upon the relative positions of both olefinic double bonds
and aromatic rings. Double bond index is most easily inter
preted when used in conjunction with other analytical tools such
as specific dispersion, bromine number (12), rings per molecule
(18,29), or number of double bonds per molecule.

The double bond indexes of the various unsaturated hydro
carbon types can be plotted against number of double bonds
per molecule (Q) to provide a hydrocarbon map useful for the
analysis of mixtures of unsaturated hydrocarbons. For using
such a map, the Q for a petroleum fraction must be determined
fairly accurately. Reference to Equation 2 shows that the
calculation of an accurate value for Q requires a reasonably ac
curate molecular weight, even though an accurate molecular
weight is not necessary for the calculation of double bond index.
For highly aromatic samples physical property methods fre
quently give more accurate values for the molecular weight after
hydrogenation than before hydrogenation. F.or such samples
number of double bonds per molecule may be calculated from
the following equ~tion:

If acetylenes were present in a hydrocarbon mixture, the ex
periplental double bond index would be extremely low, as acety
lenes have low specific dispersions and an acetylenic bond would
calculate as two double bonds.

Aih (Hh - Hol
Qh = 2.016 (100 - Ho )

(3)

where M h is molecular weight after hydrogenation, and the
other symbols are the same as in Equation 2. [If Qh is used for
calculating double bond index, it is necessary to substitute
(Mh - 2 Qh) for M in the numerator of Equation 1.]

Figure 5 shows a double bond index vs. reciprocal of Q hydro
carbon map for use with aromatic concentrates. The average
double bond indexes for various aromatic hydrocarbon groups
are plotted along with arrows indicating the average deviations
of the groups. The reciprocal of Q is used, so that interpolation
between the groups is linear. This map is particularly useful
because the location of a sample on the map depends only. upon
number of double bonds per molecule and the positions of those
double bonds and not upon molecular weight. However, the
map cannot be used for petroleum fractions containing saturated
hydrocarbons because saturates would decrease Q without affect
ing double bond index. Aromatics may be concentrated from a
petroleum fraction by use of silica gel (16).

Figure 5 also shows a number of aromatic fractions extracted
from Midcontinent crude by A.P.I. Research Project 6 at the
National Bureau· of Standards (19). The corresponding data
are shown in Table IV. The A.P.I. 6 workers extracted the
aromatics from the Midcontinent crude, distilled the extract
portion, and selected five narrow boiling fractions known as
samples A, B, 0, D, and E. These samples were successively
extracted to obtain 30 or 40 fractions from each sample. The
last few fractions in each series contain some saturated hydro-

The points 'for Series 0 are joined by a dashed line in Figure 5
to show the trend in double bond index with changing number of
double bonds. This dashed line passes from phenanthrenes to
naphthalenes to benzenes with no significant deviations. Thus,
there is no evidence of appreciable quantities of anthracenes,
isolated polybenzenes, or conjugated polybenzenes in these
fractions. The low Q on the last fraction, 0-37, is probably due
to the presence of some saturated hydrocarbons. Fraction 0-1
probably contains some tetracyclic aromatics. The three frac
tions from Series B differ somewhat from Series 0 in type of
aromatics and may contain small amounts of isolated or con
jugated polybenzenes. Fraction E-1 probably contains tetra
cYclics.

Thus double bond index confirms the concliIsion of Mail',
Willingham, and Streiff (20) that in this crude the aromatic
rings present in anyone molecule are usually condensed together,
but also shows that the tricyclic aromatics are not anthracenes.
Additional information on polycyclic aromatics' is needed to
fill out the hydrocarbon map.

Table V shows the application of double bond index to a
cracked petroleum product of 250° to 350°0. (480° to 660° F.)
boiling range. The double bond indexes of the original sample
containing 58% saturated hydrocarbons and of the aromatic
fraction concentrated by silica gel (16) are both 2.2. This
agreement is evidence that satunited hydrocarbons have no
effect upon the double bond index of a mixture.
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Table V. Analysis of Cracked Petroleum Fraction Boiling 256-350 0 C.
50% Approx. Bro- Rings

~o B,P'1 Mol. mine per
"D d~o n - d/2 0C. Wt.a " No.b % H Qh c DBI Mol.d Volume %

Original 1.5190 0.8979 1.0700 302 (228) 189 8 11.42 3.1 2.2
Hydrogenated 1. 4653 0.8499 1. 0404 290 228 96 0 13.87 i: (;

Aromatic concentrate 1.6163 1.0217 1.1054 314 (196) 289 19 8.0 5.5 2.2 2.3 42% of original
Hydrogenated 1. 4829 0.8939 1. 0360 271 200 97 0 13.10 2.3

Aromatic fraction I 1.5862 0.9848 1 0938 297 (196) 255 21 8.9 4.6 2.1 2.1 31% of aromatic concentrate
Hydrogenated 1.4793 0.8830 1.0378 260 193 98 0 13.26 2.0

Aromatic fraction II 1. 6249 1. 0314 1.1092 320 (196) 300 20 7.8 5.7 2.3 2.4 36% of aromatic concentrate
Hydrogenated 1.4855 0.8998 1.0356 276 203 97 0 13.00 2.4

Aromatic fraction III 1.64041.05181.1145345 (208) 31722 7.3 6.52.32.6 33% of aromatic concentrate
Hydrogenated 1.4885 0.9071 1.0350 288 212 97 0 13.05 2.6

a .\lolecular weights estimated from density and mid boning point by method of Mills, Hirschler, and KVrtz (22). Data for aromatic concentrates fell
outside range of correlation, so molecular weights on these concentrates are only approximate.

b Bromine numbers obtained by method of Johnson and Clark (12). .
C Qh is number of double bonds per molecule calculated by Equation 3 using molecular weight of hydrogenated fraction.
d Number of rings per molecule determined on hydrogenated fractions by Waterman method (29) using specific refraction and molecular weight and on

aromatic concentrates by Lipkin-Martin method (18) using density and density coefficient.

When the 2.2 double bond index and 5.5 double bonds per
molecule of the aromatic concentrate are plotted on the hydro
carbon map, Figure 5, a mixture of naphthalenes and phenan
threnes is indicated. These data together with the 2.3 rings per
molecule show that there may be 25 to 40% tricyclics present.
However, the data on this one fraction are not sufficient to prC)ve
that these two aromatic types are the only ones present in con
siderable concentration. To determine whether the position on
the map is caused by averaging several aromatic types, the
aromatic concentrate was further separated on silica gel into three
fractions (Table V). Although the physical properties of these
fractions are considerably different, the double bond indexes
range only from 2.1 to 2.3 and when the fractions are plotted on
Figure 5 they fall close to a line joining the naphthalene and
phenanthrene groups. Thus aromatic fraction I probably con
tains little but naphthalenes while fractions II and III contain
about 40 and 70% phenanthrenes in mixture with naphthalenes,

To check these conclusions the number of rings per molecule
was calculated on the aromatic fractions by the method of Lipkin
and Martin (18) and on the hydrogen:atedaromatic fractions by
the method of Vlugter, Waterman, and van Westen (29). These
calculations show 0 to 10%, 40%, and 60% tricyclics, respec
tively, on fractions I, II, and III, which check very well with the
above analyses from double bond index. Incidentally, the ex
cellent agreements between rings per molecule calculated by the
two methods (see Table V) show that there is little or no naph
thene ring in the aromatic molecules (18).

It is interesting to note that the double bond indexes of these
fractions show no evidence of the presence of anthracenes,
isolated polybenzenes, or conjugated polybenzenes, the same con
clusion as was reached previously concerning the A.P.I. 6 aro
matic fractions.

In this discussion the bromine numbers of the fractions have
not been considered. The bromine numbers by the Johnson and
Clark method (12) vary only between 19 and 22 for the aromatic
fractions. Their significancc is uncertain because so few aromatics
or nonhydrocarbons in this boiling range have been investigated.
If the bromil"\e numbers could be entirely attributed to olefinic
double bonds, as many as 25% of the aromatic molecules could be
aromatic olefins. Further study of the meaning of bromine
number in this range is necessary.

The application of double bond index to a number of petroleum
distillate fractions has been described. Double bond index
should also be useful on residual oils, although the hydrogenation
and determination of per cent hydrogen may be difficult. Resid
ual oils may also contain large quantities of nonhydrocarbons.

Double bond index can be applied to the solution of many prob
lems in hydrocarbon analysis, such as the determination of the
predominant type of olefin pr aromatic in mixture with saturated
hydrocarbons, the detection of the conjugated diolefins in mixture

with mono-olefins and iSQlated diolefins, and the detection of
naphthalenes in straight-run gasoline fractions.
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Quantitative Analysis with the X-Ray. Spectrometer
Accuracy and Reproducibility

HAROLD P. KLUG, LEROY ALEXANDER, AND ELIZABETH KUMMEH
Department of Research in Chemicai Physics, Mellon Institute, Pittsburgh 13, Pa.

Preliminary performance tests are reported for the Norelco Geiger-counter x-ray
spectroIl:leter with respect to reproducibility of measurements and accuracy in
quantitative analysis of powder mixtures. Specimen preparation is discussed,
and the necessity for avoiding large crystallites in the powder is indicated. The
reproducibility with the automatic recorder appears not to be good enough for
precise quantitative work. J\ilanual counting in a single scanning usually per
mits the determination of quartz, in mixtures containing more than 100/"
quartz, with an average accuracy of about ±5% of the absolute amount present.
Higher accuracy can be attained by several scannings.

B ECAUSE the x-ray powder diffraction pattern is a character
istic physical property of a crystalline compound, it lends

itself readily to the analytical problem of identification of the sub
stance, both as the pure compound and as a component of a .pow
del' mixture. Although this useful application of diffraction pat
terns was recognized by early workers (.4), it was not until the
latter half of the 1930's that suitable methods for its routine
application were worked out. Clark and Reynolds (1) in 1936
developed a method for quantitative analysis of mine dusts for
quartz that utilized the x-ray powder patterns. Then, in 1938,
qualitative identification by diffraction methods was put on a
routine basis by Hanawalt, Rinn, and Frevel (3).

The advent of the Norelco Geiger-counter x-ray spectrometer
(iI) appeared to offer new possibilities for the analysis of powder
mixtures. In addition to speedy qualitative identification pro
cedures, it makes possible intensity measurements of high accu
racy, which are so necessary in quantitative studies.

This laboratory has been interested recently in the whole prob
lem of precise quantitative analysis with the spectrometer, and.
has adapted to the recording spectrometer the internal standard
technique of Clark and Reynolds (1) for quartz determination in
industrial dusts. Details and procedures have been reported (5).
The fundamental problem of the precise quantitative analysis of
powder mixtures in general is not a simple one. This communi
cation reports preliminary results on reproducibility and accu
racy for measurements made with the Norelco spectrometer.
Many of the stiidies have been made on quartz because of the labo
ratory's special interest in dust analysis.

Early investigations had to do with' the reproducibility of
measurements' made on the instrument. A so-called standard
sample of quartz (designated as NAP) was supplied with the in
strument. It was soon found that the instrument reproduced the
angular positions of the diffraction lines of the quartz pattern
with good accuracy, but that intensity reproducibility was poor.
If the standard sample of quartz was moved 1 mm. or so on the
sample holder, the intensity of its strongest line at 3.33 A. might
differ by 20% from the' previous value, all other factors being
held constant. Other quartz samples were available, and they
were found to give intensity values differing among themselves
and from that of the standard sample. Under constant instru
mental conditions, of course, any pure compound should show the
same intensity for a given line of its pattern regardless of the
source of the compound. The above observations initiated the
bi.vestigation of several compounds for constancy of line intensity,
reproducibility of specimen preparation, and instrument stability.

SPECIMEN PREPARATION

An important part of the problem of reproducibility has to do
with specimen preparation. The observations with the standard

quartz sample obviously point to nonuniformity of the specimen.
It was early realized that specimens flowed on a micr03cope slide,
with the aid of a trace of binding agent, could not be used for
serious work, as they are almost invariably too thin for optimum
diffraction intensities, and successive specimens are not of uniform
thickness. In the present studies all specimens were mounted by
pressing the powder gently into the cavity of an ordinary micro
scope drop slide (cavity depth 0.8' mm.) by means of a plane
glass plate. This sufficed for all measurements except certain
high-angle measurements on quartz, where it was necessary to
use a drop slide with cavity depth of 1.75 mm. in order to have a
sample with effectively infinite thickness.

.!\.nother important factor affecting reproducibility is the statis
tical distr~butionof crystallite sizes in the specimen. Theoretical
and experimental stUdies, to be reported elsewhere, have indi
cated that a maximum crystallite size of less than 5 microns is
needed for good reproducibility in the case of quartz and presum
ably for most mineral silicates as well. In fact, it appears that
many difficulties in specimen preparation previously attributed to
preferred orientation effects are actually the result of the presence
of too large crystallites in the material. If the mateTial is not fine
enough to yieid measurements of good accuracy, it must be
ground to the proper fineness by ball milling or other means. It
is not claimed that the method of mounting described above
does not lead to some orientation effects, but merely that it leads
to reproducible specimens of a given material.

INSTRUMENT STABILITY AND STANDARDIZATION

After considerable work had been done it became obvious that
it was necessary to standardize the spectrometer from day to day
in order to get comparable results. The instrument exhibited a
drift (variable from day to day) such that a truly standard sample
would give a different intensity value from day to day, alt.l}ough
measurements of the sample taken in any single day showed ex
cellent constancy. This standardization can be done by adjust
ing slightly the slit-height wedge, so that the intensity of a se
lected line of the standard has the same value from day to day.
Rather than readjust the instrument each day,. a simpler .proce
dure is to measure the intensity of the standardizing substance and
calculate a factor for use on subsequent measurements; Three
measurements made at, say, the beginning, middle, and end of
the day, suffice for calculation of the factor to be used on all
measurements during that day.

The present studies have been made' without any elaborate
changes in the instrument. It was received with a damping and
amplitude control for the signa] to the recorder 'consisting of a
Daven attenuator (terminal impedance 500/500) with five 1000
ohm steps of resistance in series. Thifl was replaced about Feb
ruary 1, 1947, with a control designed after the one used at the
laboratories of the American Cyanamid Company, Stamford,

607
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way during the series o(traces,
all of which were made under
as nearly identical conditions
as possible. The last two
studies show some results with
the recorder on a series' of
specimens of the same sample
of quartz. Reproducibility
iIi this case is also a check of
the reproducibility of mount
ing successive specimens of
the same lot of material. If
the instrument rep~oducibility

is about the same as in pre
vious studies it is evident that
specimen preparation is rather
good. The data of Table I
also suggest that the heights
are a more consistent measure
of the intensity than the
areas. Results with the re
corder, however, are not con
sidered good enough for precise
quantitative work, inasmuch
as the deviations become larger
where a substance is measured
in the presence of another
component.

Remarks

<325-mesh but
>5"

(3 results from
first line in
cluded in 20)

Counting circuit
stabilized

Remarks

Orginal instrument
American Cyanamid

control added

Counting circuits
stabilized .

6.38
3.63
3.69

I ,;,
height,

6.26
2.69
4.40
4.05
2.07

Greatest
Deviation

from Mean,
%

7.01
8.41
4.84

2.05
1.63
1.10

1= 1=
area height area

3.18 3.11 6.87
0.98
2.83
2.28
1. 21

1-

2.92
3.18
2.21

0.25
0.25
0.25

Scanning
Motor
Speed,
R.P.M.

1
1
1
1
1

No. of
Traces

8
6
8
6
6

'(rotating)
12

1 each
1 each

(rotating)

Reproducibilityof Quartz Intensity Measurements
(G.-C. spectrometer using counting technique)

Average Deviation Greatest Deviation
from Mean, % from Mean, %

I - area I - height I = area I = height

1.07 1.14 2.14 2.54
3.20 2.30 4.99 3.61
1.3 0.49 2.14 1.48
0.90 0.76 2:40 2.35
0.18 0.57 0.27 0.87
0.84 0.67 1.25 1.03
1.08 0.54 1.93 1.311

0.48 0.,70
2.1 1.84 4.30 4.25
1.17 0.76 2.24 1.04

10.1 12.9 25.7 25.0

Reproducibility of Quartz Intensity Measurements
(G.-C. spectrometer using recorder)

Average
Deviation

from Mean,
%

Line,
A.

3.33
1.81
1.81
1.81
1.81

1.81
3.33
3.33

1
10
10

No. of
Speci
mens

Table II.

Table I.

Sample

NAP
NAP
NAP
IHFM}
IHFM

IHFM
IHFM
IHFM

Line
Measured, No. of

Date Sample A. Detns.

11/13-19/46 IHFM 3.33 6
IHFM 4.25 6
IHFM 1.81 6

11/15/46-.1/20/47 IHFM 3.33 20
1/28/47 IHFM 3.33 3
2/13/47 IHFM 3.33 3
5/21/47 IHFM 3.33 10
6/5/47 IHFM. 3.33 4
3/18/47 HS 3.33 10
3/31/37 NCCP 3.33 10
3/20/47 HS 3.33 10

G.-C.
Trace

:'<0.

20
306
367
308
309

318-319
398-399
428-429

qonn. The latter control has a Daven attenuatm (2!>0/250) with
SIX I20-ohm resistances in series. Between each pair of resistances
are 500-mfd. condensers to ground, which can be connected as
n.eeded. An additional 5000-ohm resistance can be placed in se
nes to smooth very high backgrounds. For use with this control
the range of the Brown recorder was changed f~oni. 0-50 to Q"-IO
mv. These changes led to distinct improvement in recorder re
producibility. More recently the improved performance to be
expected by stabilizing the counting circuits of the instrument
has been pointed out, and some of the measurements were made
with a Sola transformer stabilizing the counting circuit. A few
measurements have been made using a rotating sample holder
but the results are not entirely conclusive as to whether it pos~
sesses advantages for such studies.

REPRODUCIBILITY WITH AUTOMATIC RECORDING

Table I summarizes a few results on quartz intensities when the
automatic recorder is used. All results presented should be con
sidered in the light of attempting to utilize a single measurement
on a specimen as the basis of an analysis. The average and great
est deviations expressed in percentage are then a measure of the
expected accuracy of a quantitative analysis based on a single
measurement. Inasmuch as in all but special cases, direct analy
sis is impossible because of the effects of absorption on the intensi
ties, it is necessary to use an internal standard technique. Most
analyses then entail the measurement of two lines, a line of the
unknown substance and a neighboring line of the standard. The
ratio of the intensity of the unknown line to that, of the standard
line is determined, and the unknown content read from a curve ~n
which this ratio has been plotted against percentage of the un
known for a series of known mixtures. For an analysis based on a
single measurement of each line the ratio may be in error by as
much as the sum of the greatest possible deviations of the two in
dividual line measurements. These can be rather sizable when
the recorder technique is used.

The original reproducibility with the recorder (G.-C. Trace 20)
is very unsatisfactory. There is improvement after the addition
of the American Cyanamid control (Trace 306 and later ones).
Slower scanning speed does not indicate any noticeable improve
ment, and the advantage of the rotating sample is inconclusive
in this set of data. All the studies except the last two were made
on a single specimen which was not touched or disturbed in any

REPRODUCIBILITY USING COUNTING TECHNIQUE

Table II presents data on the reproducibility of quartz intensi
ties measured by counting technique. All studies except the last
one were made on material sized to <5/l. The lines have been
manually scanned at 0.05 0 intervals, counting in the neighbor
hood of 5000 counts for points around the top of the .peak, and
enough counts at the base line to locate it with the same absolute
error. After the data had been plotted, the areas beneath the
curves were calculated as the product of the height and width at
half maximum intensity. Each determination was made on a
separately prepared specimen of the sample. .The increased re
producibility of the counted results is strikingly evident. It is also
evident that the reproducibility of specimen preparation is re
markably good. The poorer reproducibility of the 4.25 A. line is
expected because of its smaller multiplicity. In general, the su
periority of heights over areas for intensity measurements seems
to be established (but see data on sodium chloriae below). The
various samples of finely ground quartz show approximately the
same reproducibility. 'Where larger particles are present, how
ever, the reproducibility is much poorer, as is illustrated by the
last study on Hot Springs quartz (HS, <325-mesh but >5/l).
The average intensity of the 3.33 A.line of quartz based on heights
and expressed in arbitrary units is 353.7 for sample IHFM, 348.4
for sample HS, and 355.7 for sample NCCP. The average of
these is probably the most reliable value for high purity samples
of quartz. If sample IHFM is weighted twice in averaging, as it is
based on twice as many determinations, the value is 352.4. Thus
various samples of high purity quartz from differe·nt sources are
shown to have a reproducible constant intensity for the 3.33 A.
line within approximately ± I %. The corresponding measure~

ment for the coarser sample (HS > 5/l) is 309.7. In addition to
the poorer reproducibility with the coarser material there is also a
decrease in the intensity observed, which is probably at least par
tially the effect of extinction in the larger crystallites.

Table III lists similar intensity measurements for sodium chlo
ride. Samples of reagent grade sodium chloride were reduced to a
fine state of subdivision by 2- and 4-hour grinds in a motor-driven
mullite mortar. The present data were taken before the necessity
for standardizing the instrument daily was fully realized, and it
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" This sample of reagent grade NaCI always gave an extremely rough and
pitted surface. Microscopic examination showed pr~sence of foreign ma
terial. Poorer reproducibility from such a sample is evident in percent.age
deviation.

Table IV. Analysis of Data for 14 Determinations of 60%
Quartz Point on Standard Quartz Analysi's Curve

(Standardizing sub'-tance, CaF,)

Si02, 3.33 A. line CaF2, 3.16 A. line Ratio of Intensities
1- Deviation I - Deviation . Deviation

Count height from lucan height from mean HQIHF from mea,n

1 137.0 -3.4 32.2 -1.3 4.25 +0.06
2 142.5 +2.1 ~3.2 -0.3 4.29 +0.10
3 148.0 +7.6 ~4"0 +0.5 4.35 +0.16
4 135.0 -5.4 34.8 +1.3 3.88 -0.31
5 136.5 -3.9 ~4.0 +0.5 4.01 -0.18
6 143.5 +3.1 33.3 -0.2 4.31 +0.12
7 136.0 -4.4 33.7 +0.2 4.04 -0.15
8 143.5 +3.1 33.3 -0.2 4.31 +0.12
9 139.7 -0.7 32.1 -1.4 4.38 +0.19

10 137.0 -3.4 32.7 -0.8 4.18 -0.01
11 138.3 -2.1 33.3 -0.2 4.15 -0.04
12 134.0 -6.4 33.9 +0.4 3.95 -0.24
13 145.6 +5.2 34.0 +0.5 4.28 +~.09

14 148.5 +8.1 33.9 +0.4 4.38 +0.19
Av. . 140.4 ±4.2 33."" ±0.6 4.19 ±0.14

Av. deviation, % 2.99 1. 79 3.34
Greatest deviation, % 7.4

is believed the deviations would be somewhat less if they were re
peated. The most remarkable observation here is that the areas
proved more consistent than the heights as a measure of intensity.
This is just the reverse of that for quartz, and is believed to be
related to the fact that investigators have experienced difficulty in
attempting to grind sodium chloride to a fine state of subdivision.
The samples are apparently mixtures of very fine and relatively
coarse particles. Some samples actually showed slight broad
ening of the line; hence the results on heights. alone would be ex
pected to be less reliable. Because of the effects of line broaden
ing, intensities based on heights alone are satisfactory only for
crystallite sizes above the colloidal range (>1000 A.). All stud
ies of substances containing appreciable amounts of material in
the colloidal range must be based on areas, unless all samples can
be expected to have identical size distributions for the compo
nent in question.

ANALYTICAL PROCEDURES

The superior reproducibility of the counting technique over the
recorder is demonstrated in the studies with pure quartz, and it
has been concluded that for precise quantitative analysis the
counting technique is needed. Further substantiation is given
by the observation that the accuracy of measurement falls off if
the same material is measured in a mixture. This fact is illus
trated, as well as one of the steps in the preparation of the stand
ard curve, by the data of Table IV, which represent a portion of
the data for the standard curve for quartz determination in dust
using calcium fluoride as the standardizing substance. The tech
nique employed is essentially that of Clark and Reynolds (1)
modified for use with the Geiger-counter spectrometer.

These are the data for the mixture designated KS-9, represent
ing the 60% quartz point on the standard curve. It is a mechani
cal mixture of 60% quartz and 40% calcite, to which has been
added 25% calcium fluoride (fluorite). This determination has
been based entirely on heights of the 3.33 A. quartz line and the
3.16 _t fluorite line. Other determinations of points on the curve
have been made by both areas and heights, and the results based
on heights alone are better, Reproducibility of the line height for
quartz is not nearly as good as it was when the pure material was
being studied, as has been found to be the case generally. In this

Table V. Analyses for Test Mixtures for Quartz

Mix-
Quartz, %

Mix-
Quartz, %ture ture

No. Diluent Actual Analyzed No. Diluent Actual Analyzed

1 Aha, 2 3.3 6 MgO 40 42.5
2 MgO 5 5.0 7 NaCI 60 58.7
3 MgO 10 10.0 8 CaCO, 60 55.7
4 NaCl 15 15.5 9 CaCO, 80 71.2
5 Bentonit.e 35.6 33.3 10 Aha. 90 95.5

Table VI. Analysis of Known Mixture Containing 600/(;
Quartz Done in Quintuplicate

Count Ratio, HQIHF Quartz from Curve, %
1 4.01 M.O
2 4.09 58.3
3 4.19 60.0
4 4.46 63.3
5 4.35 62.0

Av. 4.22 60.1 ±0.9a

From ayerage ratio, 4.22, percent,age quartz is 60.3.

a Probable error.

instance the fluorite line was measured with better general ac
curacy than the quartz line. This is just chance, as other sets of
data are just reversed in this respect. The ratio for this point on
the curve is 4.19, with an average percentage deviation from the
mean of 3.34%. The greatest deviation from the mean of the 14
determinations is 7.4%. These can be interpreted in terms of an
actual analysis of a 60% quartz sample as follows: Once in 14
measurements one can expect a ratio which in an actual analysis
would lead him to report the result from the curve as 55.6%
quartz or 64.4% quartz, depending on which side of the average it
occurred. On the average, however, the analysis made by" a sin- .
gle determination of the ratio would give a result of 58.0 or 62.0%.

The curve is a straight line down to 10% quartz and has a
slight curvature between 10 and 0%. It does not seem possible
that this curvature is real. However, others have observed a simi
lar curvature at low percentages in setting up standard curves
for various analyses. Further work on this point is contemplated.
In using this curve in the analysis of samples containing more than
10% quartz, it is felt that results will rarely be off farther than
'" 10%, and usually not more than "'5%, of the absolute amount
of quartz present.

The results of some measurements of known mixtures, set
forth in Table V, represent the kind of accuracy to be expected
from a single manual scanning of the quartz and fluorite lines in
an analysis. For quartz in industrial dusts, in studies of the sili
cosis hazard, this accuracy is entirely adequate.

The attainment of higher accuracy simply demands more de
terminations. If one can afford the time to make two separate
counts of the ratio, the accuracy will be improved; and if one can
afford to do the ratio determination in quintuplicate, a very satis~

factory result may be expected. Table VI gives the results of an
analysis of a known mixture containing 60% quartz, the analysis
being done in quintuplicate. Whether one takes the average of
the five percentages as read from the curve, or the value based on
the average of the five ratios, the result is very satisfactory. In
dust analysis work this additional accuracy is not essential, but
there are many cases in which it would be well worth the addi
t.ional time it requires.
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Reproducibilit), of Sodium Chloride Intensity
Measurements

(G.-C. spectrometer using counting technique)
Line Average Deviation Greatest Deviation

Meas- No. of from Mean, % from Mean, %
ured, A. Detns. I - area I - height I = area I = height

1.989 3 0.27 1.75 0.41 2.58
1.989 3 3.3 4.72 5.00 7.17
1.989 3 1.47 2.59 2.19 3.88
1.989 9 1.3 2.16 2.87 4.23

::,smple,
Hours

Table III.

M-2
B-2"
EA-2
All 2 and 4



Determination of Gamma-Benzene Hexachloride
by Partition Chromatography
OTIO T. AEPLI, PAUL A. MUNTER, AND JOHN F. GALL

Whitemarsh Research Laboratories, Pennsylvania Salt Manufacturi1!-g Company, W:yndmoor, Pa.

A partition chromatographic method for determining the gamma isomer con
tent of benzene hexachloride products is described. The partition solvents are
nitromethane and n-hexane and the supporting medium is silicic acid. The
method is sufficiently convenient and rapid for routine production analysis, and
requires no 6xpensive equipOlent or specially trained personnel. The accuracy
is about 2% based upon the actual gamma isomer content of synthetic Olixtures
of the iSOOlers. The procedure appears to be adaptable to the determination of
some of the other isomers and related constituents.

C
O~LYIERCIAL benzene hexachloride, produced by the
chlorination of benzene, is a complex mixture containing at

least five space isomers of 1,2,3,4,5,6-hexachlorocyclohexane,
together with other closely related chlorinated materials (5, 6).
It is known that the insecticidal activity of benzene hexachloride
products resides principally in the g'l.mma isomer of hexachloro
cyclohexane (6). Heretofore, no completely satisfactory method
has been available for the determination of this constituent.

Direct methods for dctermining the biological activity of in
secticidal preparations are, of course, applicable to this material,
but their accuracy is subject to statistical limitation, and the
methods are time-consuming and require special laboratory
facilities and stringent control of technique and environmental
conditions. :'.1ethods based on infrared absorption have been
described by Daasch (2) and by Kauer, DuVall, and Alquist (3),
The infrared methods require expensive equipment, considerable
preliminary calibration, and a detailed qualitative knowledge of
the eomposition of the material to be analyzed. The only other
method which has been rcporkd for the analysis of benzene
hexachloride produets is the cryoscopic method of Bowen and
Pogorelskin (1). This method, as described, requires substantial
quantities of highly purified gamma isomer, and involves the
methods of precision thermometry.

The method described below involves the separation of the
gamma isomer from the other constituents by partition chroma
tography. A column of a solid (such as silicic acid) is used to
support a solvent phase (nonmobile solvent), through which is
flow'ed a second immiscible solvent (mobile solvent) in \\'hich the
sample is initially dissolved. A continuous partition between the
two solvents takes place as the sample is washed down through
the column, and a progressive separation of the constituents of
the sample occurs.

Partition ehromatography was first employed for the separa
tion of aeetylamino acids by Martin and Synge (4), who also
proposed a theory for the method. Other applications of the
method and the theory were recently reviewed by Synge en.
Ramsey and Patterson (5) applied the procedure to the separa
tion and identification of the constituents in commercial benzene
hexachloride; they employed nit.romethane and n-hexane as the
partition solvents and silicic acid as the supporting medium.

The present authors have established the conditions and de
tailed procedures required for the quantitative determination of
the gamma isomer content and have demonstrated that the
method can be made of good precision and accuracy, and is
sufficiently convenient and rapid for routine production analysis.
The partition chromatographic method is also applicable to the
determination of the other constituents present in commercial
benzene hexachloride and can be conveniently adapted to the

analysis of the gamma isomer content of the usual formulations.
The method is an absolute one, requiring no empirical calibration,
It does not require expensive equipment and materials or spe
cially trained personnel.

REAGENTS

n-Hexane, commercial grade. Nitromethane, commercial
grade.

Mobile solvent (n-hexane saturated with nitromethane).
Add approximately 900 m!. of the n-hexane to 50 m!. of the
nitromethane contained in a I-liter separatory funnel and agitate
vigorously for 5 minutes. Allow the excess nitromethane to
separate out, draw off from the mobile solvent, and store for
future use.

Figure 1. Partition Chromatographic Apparatus

610
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The sample preparation involves the com
plete extraction of the gamma isomer from
the bulk of the other constituents present in
the sample. By variation of the sample
weight, the optimum amount of gamma isomer
is secured for addition to the chromatographic
column.

Figure 3.
Santple
Pre par a
tion Ap
paratus

a. Kohlrausch
type flask, to
contain 100 mi.

at 20° C.
b. Buchner
funnel, fritled
disk type, me
dium porosity,
Pyrex, 34-mm.
inside dia.meter
c. Vacuum con-

nection

Vs, keeping VI closed and V3 and v. open. Apply pressure to the
reservoir by closing V2, V3, V., and Vs, adjusting the pressure
reducing valve on the nitrogen gas cylinder to about 8 pounds'
gage pressure, and carefully opening VI.

Preparation of Partition Chromatographic Column (Figure 2).
Weigh out 100 ± 0.5 grams of silicic acid and transfer it to a
large mortar. Measure out 55 mI. of nitromethane and add it
in successive 10-mI. portions to the silicic acid, thoroughly
mixing after each addition by grinding with the pestle. After
all the nitromethane has been added and mixed, add 300 m!. of
the mobile solvent in 100-m!. portions, mixing after each addition.
Transfer the resultant slurry to a 600-m!. beaker.

Carefully disconnect and remove the clean and dry glass
partition column, a, from its support and insert the glass wool
plug and the porous plate support, d, in the bottom of the column.
The amount of glass wool used should be just sufficient to support
the silicic acid column, as excessively large plugs tend to decrease
the sharpness of separation. Stopper the bottom of the partition
column with a small cork.

Stir the slurry of silicic acid and the mobile solvent and pour
it from the beaker into the glass column, holding down the porous
plate and glass wool plug with a glass rod. When about half of
the slurry has been added, remove the glass rod and pour in the
remainder of the slurry. Replace the charged partition column
in its support and connect the top of column b to the reagent
and pressure lines, k, by means of the flanged glass pipe fitting.

Remove the cork stopper from the bottom of the column and
drain the excess mobile solvent under pressure from the column
by opening v.. During the removal of the excess solvent, the
silicic acid tends to pack down in the column ahead of the solvent
leve!. When the level of the mobile solvent just reaches the
top of the silicic acid layer, release the pressure in the column
by closing V. and opening V3. Care must be taken to prevent the
splitting, cracking, or drying of the silicic acid column which
may result if the solvent is allowed to drain below the level of
the silicic acid layer. Such defects seriously impair the efficiency
of the column. The partition column is now ready for use.

Preparation of Sample (Figure 3). Benzene hexachloride
products are conveniently classified for analysis on the basis of
the gamma isomer content as follows:

Low gamma samples, <5% gamma isomer
content

Medium gamma samples, >5% <15%
gamma isomer content

High gamma samples, > 15% gamma isqmer
content

Crush and thoroughly mix the sample by
means of a mortar and pestle. Weigh into
a tared l25-mI. Erlenmeyer flask an amount
of the ground sample sufficient to provide ap
proximately 0.2 to 0.3 gram of the gamma
isomer after extracting and aliquoting. Add
25 mI. of the mobile solvent to the flask and
heat just to boiling on the electric hot
plate. (Caution-fire.) Stopper the flask
with a cork and agitate for 5 minutes. Cool
to room temperature and decant the super
natant solution through the Buchner funnel
into the Kohlrausch flask, employing gentle
suction. Repeat the hot extraction step on
the residue in the flask employing this time
10 m!. of the mobile solvent. (This second
hot extraction may be omitted on low gamma

samples, where the quantity of gamma isomer to be extracted
is small; and on high gamma material, where the sample may be
almost completely soluble.) WaSh the residue and flask with
five 10-mI. portions of the cold mobile solvent, decanting each
wash through the Buchner funnel into the Kohlrausch flask.
Remove the BUchner funnel and vacuum connection from the
Kohlrausch flask and dilute the contents to the 100-m!. mark
with the mobile solvent. Mix thoroughly and transfer a 25-ml.
aliquot of the solution to the prepared partition chromatographic
column.

t

Silicic acid (precipitated), analytical reagent grade. A suit
able grade may be obtained, for example, from Mallinckrodt
Chemical Works.

Figure 2. Schentatic Diagrant of Apparatus

Mi,cellaneous Apparatus
Pyrex flasks, round-bottomed, long-necked, 100-ml. capacity for

collection and evaporation of partition fractions
Pyrex flasks, round-bottomed, long-necked, 200-ml. capacity for col.

lection and evaporation of the gamma isomer cut
Wood rack for storing flasks used in collection of partition fractions
Gas pressure regulator and reducing valve, Hoke-Phoenix type, for

nitrogen
Nitrogen, water pumped

a. Partition chromatographic column, Pyrex pipe, 32 inches long X
inch inside diameter

o. Flanged glass pipe fitting (Corning) on upper end of a with Koroseal
gasket

~. Pyrex ball and socket joint, size 18/7
d. Porous plate supported by gla.. wool
e. Pyrex fraction collector, 10-ml. capacity in each side arm
g. Pressure gage, 0 to 30 pounds, 3.5-inch, single bronze tube
h. Safety valve, 50 pounds, side outlet
k. Connecting lines, 11, inch copper tubing
T. Mobile solvent reservoir, 8-liter capacity
s. Stopcocks, 2-mm. Pyrex
v. Valves, Hoke type, l/,-inch

d

a

k

=lh-il-'"'!I!; b

APPARATUS AND PROCEDURE

The apparatus developed for the partition chromatographic
analysis of benzene hexachloride samples is shown in Figures
1 and 2. The enclosed wooden column support with a removable
Plexiglas plate on the front side is desirable, considering the
length of the column and the fact that it is operated under
pressure. For the routine application of the method, the
pressure reservoir for the partition solvent is of great advantage in
permitting the uninterrupted addition of the solvent to the top
of the silicic acid column. Ail shown in Figures 1 and 2, multiple
connections may be provided, so that more than one column
can be operated from the same solvent supply. The multiple
solvent evaporator (Figure 5) permits the removal of the solvent
concurrent with the collection of successive fractions from the
column, so that immediate observation of solids content is ob
tained. A wooden rack is a convenience for holding in order
the many flasks used in each determination.

Charging the Solvent Reservoir (Figure 2). Charge the solvent
reservoir, T, by adding about 6 liters of the mobile solvent through
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Table II. Partition Chroll1atographic Analysis of
Synthetic Sall1ples for Gall1ll1a Isoll1er Content

Formulated Conlposition in Weight Per Cent
Octa- Hepta-

Benzene Hexachloride
Wt. %

chIoro- chloro- Gamma
Salnple cyclo- cyclo- Isomers Isomer Relative

No. hexane hexane {j -y Found %. Error

8-1 0 0 0 0 100 100 0.0
8-2 0 0 80.0 5.0 15.0 15.2 1.33
8-3 0 0 65.0 5.0 30.0 30.2 0.66
8-4 1.2 4.8 67.8 16.1 10.1 10.3 1.98
8-5 0.9 4.1 65.9 15.0 14.1 14.2 0.71
8-6 2.1 6.5 58.2 13.0 20.2 20.4 0.99
8-7 3.2 8.8 47.9 9.7 30.4 30.7 0.99
8-8 4.2 10.2 38.8 6.1 40.7 40.4 0.74
8-9 5.3 14.1 29.6 2.. 1 48.9 48.2 1.43

points as described by Ramsey arid Patterson (5). In the final
stages of development, the identity and purity of the alpha, beta,
and gamma isomer fractions were determined by the melting
points ~nd mixed melting. points with the pure isomers, and by
companson of the x-ray diffraction patterns with those reported
by Kauer, DuVall, and Alquist (3). Because of the complex
physical nature of such isomer mixtures, it was recognized that
such tests are not necessarily sufficient criteria of the purity
of the gamma fractions. However, assuming no great abnormali
ties exist, the melting point data for some typical combined
gamma fractions secured from the partition column and presented
in Table I are an indication of the probable purity of these frac
tions. The mixed melting point data were secured on mixtures
of equal parts of the gamma fractions with the pure gamma
isomer (melting point 113-114 0 C. corrected).

In order to demonstrate the probable accuracy of the method,
a number of synthetic mixtures were prepared from the pure
benzene hexachloride isomers and related products. The formu
lation of these samples and the results secured are presented in
Table II. Considering the difficulties involved in the blending
and sampling of such mixtures for analysis, the results are ex-

Figure 5. Multiple Solvent Evaporator

a. Metal wate~ bath, 10 X 15 X 2 inches, heated
by thermostatIcally controlled electric hot plate

b. 8topcock, 2-mm. Pyrex
c. IHultiple vacuum connection
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cellent and show an accuracy of about 2% of the actual gamma
isomer content of the synthetic mixtures.

As a further test of the accuracy of the method, a 50% dust
base formulation was prepared from abenzene hexachloride stock
sample which analyzed as 34.6% gamma isomer content. On
analysis of the well mixed formulation, the gam~a isomer content
found was 17.4% as compared to an anticipated value of 17,3%.

The precision of the method is indicatcd by the data presented
in Table III, which lists the results of duplicate analysis of typical
samples. It appears from thcse data that the precision of the
method is about the same as the maximum relative error observed
in the analysis of the synthetic samples.

As a check on the efficiency of the partition separation in an
analysis, the melting point of the gamma fraction may be secured.
In general, the melting point values as determined by the capillary
tube method fall in the range of 110 0 to 114 0 C.

The total time required for the routine analysis of gamma
isomer content by this method is about 3 hours. Under normal
conditions, a trained laboratory technician can operate two
columns simultaneously and thus perform four analyses in an
8-hour shift.

While the experimental work has been confined to the develop
ment of a quantitative method for the gamma isomer content,
a good separation of the other constituents, particularly those
preceding the gamma isomer fraction, has been observed.·
:rhe method has been used in the determination of the hepta
and octachlorocyclohexanes, and of the alpha and beta isomers in
these mixtures, but the accuracy of these determinations has not
yet been established.

Table III. Precision ofPartition Chroll1atographic Method

Sample % Gaulma Isomer Found % Deviation
No. Type 1 2 from Mean

10 Low 0.92 0.89 1.66
11 Medium 10.2 10.2 0.00
12 Medium 10.5 10.7 0.94
13 Medium 11.0 11.0 0.00
14 Medium 11.7 11.9 0.85
15 Medium 12.1 12.1 0.00
16 Medium 13.3 13.5 0.75
17 Medium 13.5 13.1 1. 50
18 Medium 13.8 14.0 0.72
19 Medium 14.1 13.8 1.08
20 High 15.4 15.5 0.32
21 High 36.1 36.2 0.14
22 High 36.5 36.2 0.41
23 High 37.2 37. 1 O. 13
24 High 39.8 40. 1 0 . 37
25 High 45.0 45.8 0.88
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Direct Estimation of Penicillin Gin
Small Broth Samples
J. A. THORN AND MARVIN J. JOHNSON

College of Agriculture, University of Wisconsin, Madison, Wis.

A Illethod is presented for the estilllation of penicillin G in broths by chrolllato
graphic adsorption. The Illethod is specific for penicillin G, salllples require
no prelilllinary purification, and only 100 to 200 units of penicillin are required
for an analysis. The application of aqueous chrolllatography to resolution of
Illixtures of the other known penicillins is described.
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Figure 1. Chrolllatograllls of Single Penicillins on
Super Filtrol Colulllns at pH 4.6
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mixture of penicillins containing penicillin G is chromatographed,
the latter is adsorbed more strongly than the other penicillins and
is eluted as a separate elution band. Penicillin F is the only known
penicillin which is sometimes not completely separated from peni
cillin G by this procedure (Figure 2). The extent of overlapping
of the bands of the two penicillins is rarely greater than that illus
trated, and the leading edge of the penicillin G elution curve
may be extrapolated easily to the abscissa to facilitate calcu
lation of recovery.

Although penicillin G could be separated from other penicillins
in a "synthetic" mixture, it was necessary to determine how the
separation would be affected by extraneous materials normally
found in broths before the method could be applied to broth analy
sis. To this end,' the penicillin in steep liquor broth was inac
tivated by adjusting to pH 2 and heating in a steam bath for an
hour. The broth was then cooled, adjusted to pH 4.6 with alkali,
and added to known mixtures of penicillins to the extent of 25%
by volume. These samples were then chromatographed in the
normal manner, and the inactivated broth was found to have no
effect on the resolution. Although the inactivated broth was
undoubtedly not, identical to untreated broth, the absence of
effect indicated that broth components would not noticeably de-

EXPERIMENTAL

The chromatograms' obtained when single penicillins are ad
sorbed and eluted on columns of Super Filtrol are shown in Figure
1. The columns were prepared in the manner described under
procedure. It is seen that the sequence in which the penicillins
are eluted is: X and dihydro F (first eluted), F, then G (last
eluted). A tendency for dihydropenicillin F to be adsorbed
more strongly than penicillin X is indicated by the longer "tail"
of the elution band of the former penicillin. Penicillin K appears
to be largely, if not entirely, inactivated upon adsorption. When a

PENICILLIN, as produced by mold growth, consists of a
mixture of several antibiotics (10). At present', five antibi

otics of the penicillin class are known: LJ.z-pentenylpenicillin (F),
n-amylpenicillin (dihydro F), n-heptylpenicillin (K), benzylpeni
cillin (G), and p-hydroxybenzylpenicillin (X). Each has its own
specific biological activity and properties. The penicillin bei'ng
produced at the present time is largely penicillin G. In order to
increase yields of this penicillin, precursors, such as phenylacetic
acid and j3-phenylethylamine, have been added to media to in
crease the amount of benzylpenicillin produced. It is obvious
that any analytical method allowing the easy and rapid analysis
of broth samples for penicillin G would be of value in studying
the effects of such precursors:

The methods for the determination of penicillin G so far de
scribed in the literature are not particularly applicable to the
analysis of broth samples. The gravimetric determination (9),
based on the insolubility of the N-ethylpiperidine salt of the peni
cillin in certain solvents, requires reasonably pure penicillin G in
milligram quantities. The recently described polariscopic-ultra
violet absorption method is applicable to crystalline and amor
phous penicillin preparations (5), whereas the method employing
infrared analysis requires crystalline samples (1). Although the
microbiological differential assay (6) can be used to analyze broths,
it is limited by the assumption that only three known penicillins
are present in any sample. The value of the countercurrent dis
tribution method (2, 3) in analyses for penicillin G depends greatly
upon the composition of the samples analyzed. The method is
of limited value for samples containing appreciable proportions of
penicillins F and dihydro F. '

The method described in this paper has evolved from a study
of the adsorption chromatography of penicillins in aqueous solu
tions. It is based on the fact that, on a column of Super Filtrol
(an acid-treated bentonite), penicillin G is more strongly ad
sorbed under given conditions than any other known penicillin
and may be eluted as a separate fraction. The method is particu
larly applicable to fermentation broths and is not affected by the
number or types of penicillins occurring in the sample to be ana
lyzed. The method is not intended for use on purified samples,
for which the more accurate physical and chemical methods are
available.

614
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Colu:m.n of pH 4.6 contained 4 gra:rns of Super Filtrol and 4 grants
of Celite 545. Penicillins adsorbed: X, 23 units; F, 27 units;

K, 37 units; G, 84 units

per Filtro!. Figure 4 shows the resolution obtained with a column
containing 4 grams of one lot, that obtained with 4 grams of a
second lot, and that obtained with an increased amount (6.3
grams) of the second lot.

REAGENTS AND MATERIALS

Super Filtrol, obtained from the Filtrol Corporation, Los An-
geles, Calif. .

Celite 545, obtained from Johns-Manville Corporation, New
York, N. Y.

Phosphoric Acid, 50%.
Phosphate Buffer, 1M, pH 6.1, containing 114.4 grams of

potassium monobasic phosphate anq 28.6 grams of potassium di
basic phosphate per liter.

Potassium Monobasic Phosphate. Solution, 0.05 M (pH
about 4.6).

Penicillins. Pure sodium penicillin G is required as a standard.
The penicillin G used in these experiments was identical in po
tency with a standard sample of crystalline penicillin G from the
U. S. Food and Drug Administration. Corn steep liquor broth
containing a small proportion of penicillin G, or broth from a
synthetic medium (which contains no penicillin G), may be used
as a second standard..

Chromatogram Tubes. Sections of Pyrex tubing, 14mm. in
inner diameter and about 22 ern:. in length, are used. A constric
tion at one end gives an opening of approximately 2 mm., and
glass wool is tamped above the constriction as a base for the ad
sorbent.

A pressure liquid-feed system is used to control the rate of flow
of eluent.

zooIbO40o 80 120
EffLUE.NT IN ML.

Figure 2. ChrOlnatograIn of a Mixture of Penicillins
X, F, K, and G on a Super Filtrol ColUInn
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Colu:rnn of pH 4.6 contained 4 graInS of Super Filtrol and 4 graIn8
of Celite 545. Penicillin adsorbed was 73 units fron1 steep

liquor broth, 28% of which was found to be penicillin G

200

COLUMN 2

40o 80 120 . 160
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Figure 4. COInparison of ChroInatograllls of a
Mixture of Penicillins X, F, K, and G Adsorbed on
ColuInns of Two Different Lots of Super FiltroI

COLUMN 3

ColuIlJ.n 1. 4 graIIJ.8 of Super Fil~rol A and 4 graIIJ.8 of Celi~e 545
Colu:rnD 2a 4 gra:rns of Super Filtrol Band 40 gra:rns of Celite 545
ColUIlJ.n 3. 6.3 graIIJ.8 of Super Filtrol Band 6.3 graIIJ.8 of Celi~e

. 545
Penicillin JD.ixture cODsisted of 28 units X, 20 units F, 2'} units

K, and 83.5 nni~8 G

COLUMN I

PROCEDURE

Preparation of Samples. Column samples should be 1 m!. or
less in volume and should contain between 50 and 200 units of peni
cillin. A standard solution of sodium penicillin G may be pre
pared with pH 6.1 buffer, providing the latter is not of sufficient

20016040 80 120
EfFLUE.NT IN ML.

ChroInatograIn of a Steep Liquor Broth
SaInple

o

Figure 3.

....
3 1.5
::>
..J..........
u.J

.J
~ 1.0

0::
uJ
~

on
~ 0.5

':::l

crease the efficiency of the adsorbent. This is, in fact, found to be
the case, provided that a new column is used for each analysis.
Repeated use of a column for broth analyses, however, .leads to
decreased resolution, probably due to saturation of the adsorbent
with nonpenicillin broth components.

Figure 3 shows a typical chromatogram obtained with a sample
of steep liquor broth containing no penicillin G precursor. Al
though the total penicillin applied to the column was only 73
units, a clear-cut analysis was possible. The first band consisted
of a mixture of penicillins other than G, and penicillin G was re
covered as an almost completely separated band.

The adsorptive capacity of Super Filtrol has been found to vary
from batch to batch. This means that each batch of Super Filtrol
to be used in the estimation of penicillin G must be tested to de
termine the amount of adsorbent required for satisfactory resolu
tion. This may easily be done by the method of trial and error.
For example, for four different lots of adsorbent, amounts rang
ing from 4 to 6.5 grams gave satisfactory separation of penicillin
G, equal amounts of Celite 545 being used in each case. Figure 4·
gives a comparison of chromatograms for a mixture of penicillins
X, F, K, and G obtained with columns of two different lots of Su-
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strength to affect the pH of the column. For example, 1% (0.07
llf) phosphate buffer, pH 6.1, may be employed, as 1 ml. of this
solution does not have a noticeable effect on the column pH. Such
a solution of known penicillin G concentration may be kept for
some time and makes unnecessary the preparation of a new solu
tion for each test. Broth samples are prepared as follows: The
mycelium is strained from the liquid by drawing the latter into a
pipet, the tip of which is covered with a small amount of cotton.
As soon as the column (described below) is ready for use, the
broth liquid is adjusted to pH 4.6 with 50% phosphoric acid and
diluted, if necessary, withO.05llf potassium monobasic phosphate
so as to contain between 50 and 200 units of penicillin per m!'
One milliliter of this broth liquid is then applied to the column
and an aliquot of the same solution is immediatley diluted with
appropriate buffer for assay by the Staphylococc118 au.re'us cup
plate method (4, 8).

must be taken at the initial and final sta.ges of elation of penicillin
G to ensure separation of penicillin G from other adsorbed peni
cillins and elution of all the penicillin G. The fractions are ad
justed as collected to about pH 6 by the addition of 1 ml.of 1 M
phosphate buffer and are then ready·for assay, without further
dilution, by the cup plate methoq. When the adjusted effluent
fractions cannot be assayed immediately, they may be kept in the
refrigerator for at least 48 hours without noticeable loss in peni
cillin content.

Standardization and Calculations. Satisfactory separation of
penicillin G from the other penicillins is normally obtained when
the retention volume of penicillin G (the volume of effluent col
lected before penicillin G is first observed in the effluent) is 70 to
80 m!' If 4 grams of Super Filtrol are not sufficient to cause satis
factory sep:i'ration, more adsorbent must be used. The Super
Filtrol-Oelite 545 ratio is maintained at unity to allow easy flow of
eluent through the columns.
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V T, the retention volume of penicillin G for a column containing
4 grams of a given lot of Super Filtrol and 4 grams of Oelite 545,
was determined for each of a number of Super Filtrol lots. Also
determined was W" the amount of each lot of adsorbent required
for satisfactory resolution. In Figure 5, W, is plotted against V,
for several Super Filtrol lots. Such a curve is of value because,
once VT is determined for a batch of Super Filtrol, W, may be
read directly from the curve.

The average recovery of adsorbed penicillin G varies generally
from 75 to 90%, depending upon the particular lot of Super Filtrol
being employed for adsorption. The value used in calculating
the amount of penicillin G in unknown samples must be based on
experiment and is obtained by adsorbing known amounts of peni
cillin G on several columns. This figure should be checked occa,
sionally by controi runs. Assuming a recovery of 79% of peni
cillin G, for example, the penicillin G content of a broth sample is
calculated as follows:

COIUII1D contained 4 graJll.S of adsorbent and 4 grants of
Celite 545 %G

units of G in effluent X 100
total units of p'enicillin in sample 0.79

The average recovery of penicillin G, for the lot of Super Filtrol
used to the great.est extent in this laboratory, was 79%. Table I

to Broths

Actual G
(Assuming

79%
Recovery),

%
112
110

98

Recovery of Penicillin GAdded

Recovery
Gin G G of

Broth. .-\.dded. Recovered. Total G.
Broth Units Units Units %

Steep liquora 55 83.5 131 88
Steep liquorb 5 83.5 77 87
Synthetic medium 0 83.5 64.7 77

In each case, broth \yas from P. chrysogenum Q176 fermentation.

a Stirred jar fermentation.
b Shaken flask fermentation.

Table n.

Table 1. Rec(,,-er)- of I'enicillin G from Mixtures of
Penicillins

Penicillins in ~Hxture
G Actual G Found

Reeov- (Assuming 79%
Penicillin G. X. F. K. ered, Recovery).
Mixture Units Units Units Units Units %

In buffersolutioll
1 83.5 52 12 40 61 92
2 83.5 52 12 40 61 92
3 58.5 31 23 37 46 100
4 150 138 118 100
5 167 134 101

Added to inacti-
vated steep
liquor broth

0 33 24 36 06
7 25 50 36 17 87
8 100 33 36 81 102
9 134 17 18 103 97

10 150 123 104

----- -----_.

Preparation of Columns. Four grams of Super Filtrol and 4
grams of Oelite 515 are mixed with 20 ml. of 0.05 M phosphate
solution and the uniform slurry is poured into a glass tube pre
viously plugged with glass wool. Air pressure (approximately 6
cm. of mercury) is immediately applied at the top of the tube to
pH.ck the adsorbent column. This method of packing has been
found to yield more uniform columns than dry packing, but
pressure must be applied to prevent differential settling. When
the top of the column is about to become dry, more phosphate
solution is added. The column is then washed with phosphate,
uS,ing a pressure liquid-feed system. This operation usually re
quires about 8 hours when an effluent flow rate of 1 to 2 m!. per
minute is employed. When a column is left overnight, the pres
sure is shut off and a piece of rubber tubing is fitted over the
bottom of the column tube and closed with a pinchcock. Previ
ously washed columns left in this manner require about an hour of
additional washing before use, as the pH of the column tends to
decrease.

Chromatographic Procedure. As soon as the effluent from the
bottom of an adsorption column has the same pH as the solution
being fed to the top, the column is ready for use. Air pressure
is applied to the top of the tube to force the excess phosphate solu
tion through the adsorbent. 'When no solution is present on the
top of the column, the air pressure is released, and the previously
prepared I-mI. sample is pipetted onto the column. The sample
is forced into the adsorbent by air pressure, and is washed in by
two I-m!. portions of phosphate solution. The tube above the
column is then filled with the phosphate solution and the pressure
liquid-feed system connected. This is regulated to cause an ef
fluent flow rate of exacUy 1. m!' per minute. All operations are
carried out at room temperature (25 0 to 30 0 C.).

Effluent is collected from the time the sample is placed on the
column. A total volume of 180 to 200 ml. is caught. The size
of the effluent fractions may be varied as desired; chromatograms
shown in this paper were obtained with lO-m!. fractions. Smaller
fractions (5 ml. or less) may be taken to obtain a more accurate
estimate of the resolution attained. If it is desired to decrease the
number of fractions, larger portions (50 m!' or more) may be
caught after penicillin G begins to be eluted. If this procedure is
used, however, small fractions (10 m!' in volume, for example)
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To secure an approximate check of the accuracy o,f the results
obtained with the adsorption method, several samples were chro
matographed for which penicillin G values had been obtained with
two other methods, the micropiological differential assay (6) and
a modified Craig procedure (2, 7). Table III lists the values found
for a few commercial penicillins and broth samples. Reasonable
agreement occurs among the values obtained with the different
methods of analysis.

(1) Barnes, R. B., Gore, R. C., Williams, E. F., Linsley, S. G., and
Peterson, E. M., ANAL. CHEM., 19, 620 (1947).

(2) Craig, L. C., J. Bioi. Chem., 155,519 (1944). .
(3) Craig, L. C., Hogeboom, G. H., Carpenter, F. H., and du'Vig

neaud, V.,Ibid., 168,665 (1947).
(4) Foster. J. W., and Woodruff, H. B., J. Bact., 47/ 43 (1944),
(5) Grenfell, T. C~, Means, J. A., and Brown, E. V., J. Biql. Chem.,

110, 527 (1947).
(6) Higuchi, K., and Peterson, W. H., ANAL. CHEM., 19, 68 (1947).
(7) Mortimer, D. C., M.S. thesis, Univ~rsityof Wisconsin, 1947.
(8) Schmidt, W. H., and Moyer, A. J., J. Bact.;,47, 199 (1944).
(9) Sheehan, J. C., Mader, W. J., and Cram, .. D. 'J .. J. Am. Chem.

Soc., 68, 2407 (1946).
(10) Winsten, W. A., and Spark, A. H., Science,106,192 (1947).
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of the penicillins, although not complete, is ample for the analysis
of the mixture.

Dihydropenicillin F is adsorbed slightly more strongly than
penicillin X (Figure 1). Although negligible resolution of a mix
ture of penicillins X, F, and dihydro F was obtained with a'stand
ard column, it was possible partially to resolve these penicillins
on a larger column containing 8 grams of adsorbent and 4 grams
of Celite. However, poor recoveries of the penicillins resulted
(80% X, 40% F, and 36% dihydro F). Normal recoveries on
standard col).lmns are: penicillin X, 97%; F,83%; dihydro F,
74%.

The two least adsorbed penicillins, X and dihydro F, may be
chromatographed in fairly large amounts without overloading the
columns. In this way, it was possible to detect 5% penicillin
G in a supposedly pure preparation of dihydro F when 730 units
of the latter were adsorbed for the analysis.

RECEIVED December 4, 1947. Published with the approval of the Director
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grants from E. R. Squibb and Sons, New Brunswick, N.J., and the Lederle
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ADSORPTION UNDER OTHER CONDITIONS

The adsorption of penicillins on columns of Super Filtrol at pH
6.1 was investigated, the eluent being 0.07 M phosphate buffer.
The increase in pH from 4.6 to 6.1 caused a marked decrease in
the adsorptive capacity of the adsorbent, rapid elution, and poor
resolution.

As a solution of potassium monobasic phosphate has no buffer
ing capacity, the effect was determined of buffered solutions upon
the length of time required to prepare columns and upon the de
gree of resolution of mixtures of penicillins. Aqueous 0.05 M solu
tions of sulfuric, hydrochloric, nitric, and phosphoric acids were
adjusted to pH 4.6 with pyridine. The procedure of column
preparation and adsOl'ption of penicillins was carried out in the
normal manner, using the buffered solutions instead of the un
buffered phosph~te. None of the penicillins was eluted by 180
m!. of buffer when the solutions of sulfate, chloride, and nitrate
were employed. A normal chromatogram was, however, obtained
with the phosphate buffer. The effect of acetate buffer was also
determined; although the penicillins were eluted, poor separation
was obtained. From these data, it appears that phosphate may
be necessary for resolution and elution of penicillins on columns of
Super Filtro!. Although the time required for the preparation of
a column is decreased by 1 or 2 hours when unbuffered. phosphate

'wash solution is replaced by the pyridine phosphate buffer, the
use of the latter is discouraged by its unfavorable odor. The effect
on resolution of varied buffer salts concentrations was not inves
tigated.

The rate at which the phosphate solution is forced through a
column containing adsorbed penicillin affects the degree of resolu
tion. Reproducible results are obtained only when the same flow
rate is used in all experiments. The effluent flow rate adopted
was 1 m!. per minute; greater rates caused less satisfactory resolu
tion.
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Esthnation of Penicillin G in Broths and
COlllnlercial Salllples

G G Determined by Other Methods
Found, % %a %b %'Penicillin Sample

Commercial penicillins
FirmA
Firm B
Firm C
FirmD

Table Ilr.

Processing samples
FirmE

Broth
Solvent extract
Buffer

Laboratory broths
Steep liquor mediulll 29
Synthetic medium Orl

a Results obtained from firlus involved.
b Results obtained with method of Higuchi and Peterson (6').
, Results obtained with modified Craig distribution method (8).
d No penicillin G detected.
e Calculated on assumption that only penicillins F, dihydro F, and K

present. If penicillins X, K, and G are assumed present, calculations show
13% G. '

gives some typical recoveries obtained with samples containing
from 0 to 100% penicillin G. The variation in the values is due
at least in part to the method of assay, the accuracy of which is
assumed to be 10%. Recoveries of penicillin G added to broth
samples are given in Table II. The high recovery obtained in
one of the examples may have been due to error in the esti
mation of 'the amount of penicillin G initially present in the
broth. Because this value was relatively large, error· in its esti-'
mation would affect appreciably the calculated recovery of the
added penicillin. The last column of each table shows the percent
age of actual penicillin G found, assuming 79% recovery. The
found values are generally within 10% of the correct value.

AQUEOUS CHROMATOGRAPHY OF OTHER PENICILLINS

Although the use of Super Filtrol columns was developed par
ticularly for the estimation of penicillin G, the columns are capa
ble of resolving mixtures of other penicillins as well. The degree
of resolution obtained for mixtures of penicillins more easily
eluted than penicillin G varies considerably with different batches
of the adsorbent.

The resolution of penicillin mixtures is aided by the fact that
penicillin K is usually entirely inactivated upon adsorption.
Whenever penicillin K is eluted, its recovery is very small and its
elution band just precedes that of penicillin G. Comparison of
chromatograms obtained with mixtures of penicillins X and G and
of X, K, and G shows no significant differences. In each case,
there is a portion of effluent of zero penicillin content (within the
sensitivity of the assay) between the elution bands of penicillins
X and G, and penicillin K does not appear in the effluent. The
fact that penicillin K does not interfere with the resolution of
other penicillins is inferred not only from the absence of a peni
cillin K elution band but also because the recoveries of penicillins
X, F, and G are to all purposes the same with or without penicil
lin K in the mixtures.

Figure 2 shows a normal chromatogram for a mixture of peni
cillins X, F, K, and G. Three elution bands are obtained, peni
cillin K having been inactivated on the column. The separation



Conductometric Titration of Chloride in Sea Water and
Marine Sediments

LLOYD J. ANDERSONl
Scripps Institution of Oceanography, La Jolla,Calif.

Two applications are presented of conductOinetric titration' equiplllent de
scribed previously. In the titration of sea water, differences between duplicate
runs average less than one fifth those of the conventional Knudsen titration, al
though the tillle per salllple is doubled. In analysis of Illarine sedilllent, the
accuracy is greater than is actually necessary and the tiIlle per salllple is one
fifth that of the Mohr titration.

CHLORIDE is the most abundant of the ions present in sea
water; hence its quantitative determination is useful in

many applications connected with the study of the sea.
Perhaps the most fruitful of these applications is in determining

the density of sea water. Precise tables (2) are available for
computing the salinity and the density of sea water from its
chlorinity and temperature, when chlorinity is defined as the
weight of total halides, expressed as chloride, contained in 1 kg. of
sea water.

Although other procedures have been developed, the Knudsen
method remains the most widely used by oceanographic labora
tories for the routine determination of chlorinity. This modifica
tion of the Mohr method uses special volumetric glassware cali
brated directly in chlorinity units.

The normal deviation betwe.en duplicate titrations by this
method is about 0.05%, which causes uncertainties in the density
of the same order of magnitude as that caused by a temperature
error of 0.05 0 C. Because oceanographic temperature measure
ments are good to ±O.Olo C., the accuracy of density measure
ment could be considerably improved if ehlorinity data were more
accurate. In many instances, such as the calculation of deep sea
currents an? the preparation of standard comparison sea water,
such increased accuracy is important.

The method described in this paper has been found to give
duplicate checks to 0.01 %. The time required is approximately 8
minutes per complete titration as compared to 4 minutes by the
Knudsen method.

Another oceanographic application utilizing chloride analyses
is the determination of the water content of marine sediments.
The direct procedure of weighing a sample wet and weighing
again after oven-drying is often erroneous because of evaporation
of water from the sample during storage. A method which has
proved more reliable is that of titrating the soluble chloride in a
sample and calculating its water content from an assumed
chlorinity value. Inasmuch as this value can be estimated within
± 1%, the water content values also have this accuracy, which is
normally sufficient.

The standard procedure in such titrations is to leach out
soluble chloride by repeated washings of the sediment. The Mohr
titration can then be used on the clear' filtrate.

The procedure described in this paper is convenient because
the presence of the sediment in the chloride solution does not
interfere with its conductometric titration. This eliminates the
need for leaching andreduces the analysis time from 25 to approx
imately 5 minutes per sample.

EQUIPMENT

The electrical equipment used for measuring relative conduct
ance changes during titrations (1) consists essentially of a regu-

1 Present address, U. S. Navy Electronics Laboratory, San Diego 52, Calif.
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lated lOOO-cycle source and an off-balance Wheatstone bridge
In this type of circuit, the conductance changes register directly
on a microammeter. The sensitivity is such tnat 0.02% change in
conductance is easily detectable.

Two conductance cells are used to compensate Jor. temperature
rise and any other incidental changes not directly caused by the
titration. Each cell consists of a I-liter wide-mouthed reagent
bottle with two pure silver electrode disks sealed to opposite sides
of the cell. Construction details are given in (1).

PROCEDURE

In titrating sea water, the standard Knudsen 15-ml. automatic
pipet and the Knudsen automatic buret calibrated' directly in
chlorinity units were used. For sediqlent titrations, a sample
(about 10 grams) was dried, weighed, and remoistened with dis
tilled water. It was then transferred into the titration cell and
diluted to volume. Coarse sand particles and shell fragments
were retained in the weighing dish, as .such comparatively coarse
particles cause the meter to flicker when they approach the elec
trode surfaces too closely while being stirred. An ordinary 25
m!. buret was used for these titrations.

Titration. The electrical apparatus including the stirrers is
turned on and adjusted as described in (1). After a few minutes
for the apparatus to stabilize, the conductance of the compensat-
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DISCUSSION

Table II. Water Content of Marine SediD1ents
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Water, Chloride Method·
%
76
72
69
67
64
62
60
59
57
56
55
55
54
54

Water, Oven Method
%
76
68·
69
67
60
62
60
58
57
55
55
55
53
54

Depth below Surface
Inches

0- 3
3- 6
6- 9
9-12

12-15
15-18
18-21
21-24
24-27
27-30
30-33
33-36
36-39
39-42
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and in a few cases the values are considerably higher, indicating
partial drying of the samp~esduring storage.

In FigUre 1, the abscissa values are proportional to the per cent
conductance change occurring in the solution during titration. A
conductance change of 1% is equivalent to a meter deflection of
approximately 70 microamperes. Before the end point is reached,
the conductance of the titration mixture decreases rather slowly.
Immediately upon passing the end point the conductance rises
with added silver nitrate at a rate three times as great as it
previously decreased. If one calculates the conductance changes
which should occur on the basis of simple electrolyte theory, in
cluding changes in ionic activities, the dotted curve in Figure 1
results. This is seen to follow very closely the observed changes.

Three major effects' are present before the end point; silver ion
is precipitated as rapidly as it is added, nitrate ion replaces
chloride in' solution, and the titration mixture is being diluted by
the reagent. All of these cause the conductance to decrease. As
soon as the end point is passed, silver and nitrate ions are added
but none are removed. Because the reagent is considerably more
concentrated than the titration mixture, the dilution effect is over
come and the conductance rises rapidly. The tendency of points
near the end point to round off may be due either to the finite
solubility product of silver chloride or the change in the ionic
species adsorbed by the silver chloride. Before the end point,
chloride is predominantly adsorbed. As the ~nd point is ap
proached, the chloride concentration becomes low enough to
cause removal of the adsorbed ions. Immediately after the end
point, silver ions are adsorbed until the precipitate becomes
saturated, whereupon the line assumes its true slope. Neither of
these mechanisms will cause an erroneous end point if values near
the end point are ignored in drawing the intersecting lines.

SUMMARY

Conductometric titrations offer an accurate and convenient
method for chloride determination. In the titration of sea water,
duplicate runs agreed to 0.01 %, about five times the precision
attained by the standard Knudsen titration, although 8 minutes
are required per sample as compared to 4 minutes for the Knud
sen method.

The technique is also useful in titrating soluble chloride in
marine sediments, as the presence of the sediment in the titration
mixture does not interfere. In this case, the titration time is re
duced to 5 minutes from the 25 minutes required if the Mohr
titration is applied.

VOLUME 2O, NO. 7, JUL Y 1948

Table!. ROlltine DeterD1ination ofChlorinity ofSea Water
Difference
between

Duplicates
Bottle Conductometric Method Knudsen Method Knud-

No. 1st 2nd Av. 1st 2nd Av. Condo sen

527 18.822 18.827 18.825 18.83 18.81 18.32 0.005 0.020
730 18.908 18.903 18.906 18.905 18.895 18.90 0.005 0.010
550 18.924 18.924 18.924 18.885 18.895 18.89 0.000 0.010
187 18.957 18.958 18.958 18.955 18.945 18.95 0.001 0.010
106 18.998 18.999 18.999 18.97 18.97 18.97 0.001 0.000
526 18.341 18.342 18.342 18.345 18.325 18.335 0.001 0.020
321 18.430 18.433 18.432 18.425 18.41 '18.4180.003 0.015
895 18.445 18.439 18.442 18.43 18.41 18.42 0.006 0.020
401 18.403 18.402 18.403 18.41 18.39 18.40 0.001 0.020
969 18.770 18.771 18.771 18.77 18.765 18.768 0.001 0.005
290 18.739 18.734 18.737 18.72 18.705 18.7130.005 0.015
463 18.330 18.331 18.331 18.315 18.295 18.305 0.001 0.020
896 18.321 18.324 18.323 18.335 18.31 18.323 0.003 0.025
495 18.333 18.335 18.334 18.33 18.31 18.32 0.002 0.020
197 18.329 18.327 18 ..328 18.325 18.31 18.318 0.002 0.015
900 18.612 18.614 18.613 18.61 18.60 18.605 0.002 0.010
452 18.773 18.774 18.774 18.755 18.75 18.753 0.001 0.005
296 18.835 18.833 18.834 18.83 18.81 18.82 0.002 0.020
420 18.880 18.876 18.878 18.885 18.87 18.878 0.004 0.015
211 18.917 18.920 18.919 18.905 18.90 18.903 0.003 0.015

Av. 0.0025 0.014

ing cell is made equal to that of the titration cell by adding to it a
sample similar to the unknown and diluting to nearly the same
volume. Now the bridge knob is set at its electrical center (pre
viously marked on the dial) and a small amount of water or so
dium chloride is added to bring the meter to balance. This ~d

justment need not be repeated unless samples of widely differing
concentration are being titrated. Differences in conductance as
high as 25% between the two cells do not cause serious meter
drift. The equipment is now ready for the titrations.

The first few drops of reagent are added in order to determine
the direction in which the meter will deflect. The balance point
of the bridge registers as a maximum meter reading, but the re
sponse is not linear within 150 microamperes of balance; hence
the needle is set 150 microamperes below balance on the side giv
ing decreasing readings as reagent is added, as shown in Figure 1.
In titrations of sea water, or when the approximate end point is
known, no readings need be plotted until the end point is ap
proached.

The buret level is now carefully adjusted to a graduation mark
within approximately 10% of the end point and this value is
plotted against the corresponding meter reading. Subsequent
readings are plotted every 0.100 chlorinity unit until the meter
readings begin to deflect permanently upscale, indicating that the
end point has been passed. Readings are now taken at intervals
of 0.050 because of the greater changes encountered after the end
point. Three or four points before and after the end point are
sufficient to determine its value accurately. As the buret levels
were adjusted to graduation marks, buret reading errors are mini
mized.

Table I is a comparison of a number of duplicate titrations of
sea water chlorinity. The average difference between duplicates
by the Knudsen method is 5.6 times as great as that of the con
ductance titrations. Inasmuch as identical glassware and tech
niques were used in both methods, the greater precision of the
conductance titrations is due entirely to the difference in end
point indicators.

Comparison between average values for each bottle shows
higher results by the conductance method. The average dif
ference is +0.013. The first Knudsen run agrees better with the
conductometric average than the second (+0.008), probably be
cause the technician making the first runs was more experienced
than the one making the second runs.

In sediment titrations, where the approximate end-point value
is not known, the silver nitrate is added more cautiously. As the
end point is approached, the meter '!leedle begins deflecting up
scale momentarily with each drop of reagent added. These
needle deflections become more pronounced until finally a per
manent deflection is observed. After the end point, readings can
be plotted for each drop. As with sea water, three or four points
before and after the end point are sufficient to establish its value.

In Table II comparative data between the oven-dr.ying method
and the conductance titration are shown. In many cases the
water contents are higher. by the conductance titration method



Determination of Chiorogenic Acid in Coffee
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A new Illethod for the rapid and precise detel'Illination of chlorogenic acid in
green and roasted coffee is based upon the absorption of chlorogenic acid at 324
IllilIiIllicrons. The chlorogenic acid is extracted froIll flaked coffee saIllples with
water, and for green coffee the ultraviolet absorption is Illeasured directly on the
extract. For roasted coffee, the absorption is nleasured on the extract before
and after precipitation of the chlorogenic acid with basic lead acetate. The
Slotta and Neisser iodOinetric oxidation nlethod for chlorogenic acid has been,in
vestigated and inlp,·oved.

CHLOROGENIC acid, which occurs i~l green coffee to, the
extent of 5 to 8%, is one of the major water-soluble con

'stituents of the bean. Its importance in coffee chemistry has long
been recognized, and considerable attention has been devoted to it
in the literature.

The compound was first isolated by Gorter (7), who found it
widely distributed in the leaves and seeds of numerous plants.
Freudenberg (6) and Fischer (5) described the structure of the
compound as the quinic acid ester of caffeic acid.

Charaux (.4-) was one of the first workers to atteJ.Ilpt the meas
urement of chlorogenic acid in plant m!,terials. HIs me.tI~od ~"as
based upon the separation of the aCId by lead prec~pltatlOn,

regeneration of the free acid, saponification, am;! extr.actlOn of the
resulting caffeic acid with ether. The caffeIC aCId ~as then
weighed directly. This metho~ can.have only preparatIV~value
because of losses during sapomficatlOn and ether extractIOn.

Hoepfner (8) in 1932 developed a method based upon the r.ed
color formed when chlorogenic acid is treated with nitrous aCId.
Plucker and Keilholz (12) questioned the reliability of this
method for roasted coffee, because catechol and protocatechuic
acid, likely to be present in the r~asted product, give re~ colors
under the conditions of the reactIOn. These authors devIsed all
indirect method based upon the hydrolysis of the chlorogenic
acid extraction of the resulting caffeic acid with ether, and a final
esti~1ation by the nitrite color reaction. Efforts to carry out
these steps quantitatively in this laboratory were unsuccessful.

Jurany (9) proposed a method based upon the separa~ion of
chlorogenic acid as its lead salt, regeneration of the free aCId, and
a final estimation of the chlorogenic acid by optical rotation or
titration with alkali. These methods cannot be considered valid
in view of the presence in coffee of isome~s of chlorogen!c a~id
which have different rotatory powers and dIfferent neutralIzatIOn
equivalents as shown by recent work in this laboratory (3).

Slotta an'd Neisser (15) recognized the unreliability of thl:! re
sults obtained by earlier methods and developed a new techmque
for measuring chlorogenic acid. This method cons~st.s o.f a
Soxhlet water extraction of a defatted sample, lead preCIpItatIOn,
regeneration with hydrogen sulfide, a~d estin:ation o.f ~he
liberated chlorogenic acid by its reaction wIth alkaline hYPOlodlte.

Early experience with the Slotta and N eisser method revealed
certain weaknesses and indicated the need for modifications.
Therefore, the initial efforts in the current investigation were
directed toward improvement of the method.

The manipulative difficulties inherent in the Slotta an~ Neisser
method made' it desirable to devise a new analytical procedure for
chlorogenic acid. It was found that chlorogenic acid has intense
light absorption at 324 millimicrons. Additional work was under
taken in order to develop an analytical method for chlorogenic
acid based upon ultraviolet absorption measurements. This paper
reviews briefly t,he recommended modifications of the Slotta and
Neisser iodometric method and presents a new ultraviolet absorp
tion method for chlorogenic acid.

Subsequent to the development of this ultraviolet method,
Rudkin and Nelson (13) reported a maximum absorption at about

1 Present address. Research Laboratory. Merck and Compariy, Ra.hway,
N. J.
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325 millimicrons of a mixture of phenolic compounds, including
chlorogenic acid, which they found in sweet potatoes.

PURIFICATION ANp PROPERTIES OF CHLOROGENIC ACID

Three samples of chlorogenic acid were isolated from green
coffee by two different methods and purified by repeated crystal
lization to serve as analytical standards. Sample 1 and a further
recrystallized fraction, No.2, were isolated through the potassium
caffeine complex, while sample 3 Was separated by solvent par
tition. ' As chlorogenic acid is not available commercially, an ex
traction and purification procedure is included in this paper.
The isolation of chlorogenic acid from coffee through the potas
sium caffeine complex is a modification, by Kremers (10) of this
laboratory, of previously reported methods (6, 7).

Extract 1 kg. of flaked green coffee by stirring with 6 liters of
70% isopropanol for about 3 hours, filter on a Buchner funnel, and
extract the residue again for a short time with 6 liters of 70% iso
propanol. Concentrate the total extract by vacuum distillation
to 2.4 liters and cool to about 50 C. for several hours. Remove the
precipitated fats by filtering with a filter aid. Concentrate the
filtrate under vacuum to about 300 mI. Dissolve in this concen
trate, by heating .if necessary, 8, grams of potassium acetate and
20 grams of caffeme. Add 300 ml. of 95% ethanol and keep at
about 50 C. for 2 days for crystallization of the crude complex.

Collect the crude co~lexby filtration on a Buchner funnel and
wash with a little 50% ethanol. Dissolve the complex in the
minimum volume of hot water and add 'sufficient 95% ethanol
with stirring to initiate precipitation. Keep the solution at 50 C.
overnight, collect the reprecipitated complex by filtration, and
dry at room temperature. About 70 grams of complex are ob-
tained from 1 kg. of ooffee. .

Add 100 grams of the complex in small portions to 225 mI. of hot
water containing 24 grams of tartaric acid, cool for several
minutes and remove the potassium bitartrate by filtration.
Extract'the filtrate with chloroform in a liquid-liquid extractor
for about 30 hours or until the caffeine is completely removed.
Keep the aqueous phase at 50 C. for 1 day for crystallization. of
the chlorogenic acid. Collect the acid by filtration, wash WIth,
cold water and dry at 70 0 C. in a vacuum oven. The chlorogenic
acid as obtained melts at 203-206 0 C.

Recrystallization from water two or three times gives a pure
product, as indicated by Table 1. The samples as used were dried
for 16 hours in a vacuum oven at 70 0 C. and were found to con
tain 0.5 molecule of water of crystallization, which was measured
by drying to constant weight in vacuum over phosphorus pent
oxide at 135 0 to 140 0 C. A weight loss of 2.4 to 2.7% was ob
served; the theoretical moisture content for the hemihydrate is
2.48%. The presence of 0.5 molecule of water of crystallization
in the oven-dried samples is further verified by titration data,
which show a neutralization equivalent of 360 to 367; the cal
culated value for the hemihydrate is 363. A titration Clil've for
sample 1 is shown in Figure 1. For uniformity of comparative
data, all the chiorogenic acid values on coffee samples reported
herein are expressed in terms of the anhydrous compound,
C,.H,sOg, molecular weight 354.
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IODOMETRIC OXIDATION METHOD FOR CHLOROGENIC ACID

Reagents. Petroleum ether, c.p., boiling point 20-40° C.
Lead acetate, c.p., neutral, saturated water solution.
Iodine solution, 0.1 N, prepared as directed by A.O.A.C. (2,

43.21).
Sodium thiosulfate solution, 0.1 N, prepared as directed by

A.O.A.C. (2,43.28). ,
Starch indicator, 1%, prepared as directed by A.O.A.C. (2,

6.3). '
Sulfuric acid, 2 N.
Sodium hydroxide, 1 N.
Filter paper, Green's fluted No. 4881/z, 18'.5 em.; Whatman's

Table 1. Properties of Pure Chlorogenic Acid"

Iodine Wave
IVlelting Neutrali- Equiva- Length of
Point Optical zation lent, Maximum

Sample Corrected, Rotation, Equiva~ Atoms per Absorp-
E 1%No. °e. [albO lent Mole tion, n1JJ. 1 em.

1 207-9 -39.8 352 10,55 324 532
2 206-7 -37.7 357 10.55 324 522
3 207-8 -38.0 354 10.55 324 525

a Values calculated on an anhydrous weight basis.

~4'~0::-------~2±80::--':::~~===:::;3!20~====~!:::::~'3:li6:;;0===:::===~400

dry weight of sample titrated

iodine equivalent

The factor 3.36 = 100 X
milliequivalent weight of chlorogenic

acid .

%chlorogenic acid =

(volume of Na2S203 blank
volume of Na2S203 sample) X

N Na"S203 X 3.36

No.1, 5.5-cm. and 12.5-cm.
Celite filter aid, Johns-Manville, No. 545.
Asbestos, acid-washed medium fiber.
Procedure. Prepare the sample by grinding through a 1

mm. screen on a laboratory Wiley mill and flaking on a 3-1'011
Lehmann chocolate mill. Determine moisture by drying a 2
gram sample in a 70° C. vacuum oven for 16 hours.

Defat a 4-gram sample of the flaked green coffee by washing
with three 25-ml. portions of petroleum ether, allow the residue to
stand about 5 minutes or until most of the solvent has evapo
rated and transfer to a 2-liter volumetric flask. For roasted coffee
weigh 4 grams of the flaked sample directly into the volumetric
flask, add 1600 ml. <;>f water, and extract 20 minutes with occa
sional shaking. 'Dilute to volume, mix, and filter by suction
through No. 1 Whatman paper on a 12.5-cm. Buchner funnel.
Discard the first 50 ml. of filtrate, transfer exactly 1 liter to a 2
liter distilling flask, and concentrate under vacuum at 20°' to
3(}0 C. to about 75 ml.

Transfer to a 250-ml. beaker, keeping the total volume at about
100 ml. Add slowly with stirring 2 ml. of neutral lead acetate
solution, and allow to stand overnight.

Add 1 gram of Celite, stir thoroughly, and filter throug!t a thin
asbestos bed in a 5.5-cm. Buchner funnel. Wash three times with
15 ml. of water, or until the volume of filtrate and washings is
about 150 ml. Do not allow the bed to dry, as this makes delead
ing difficult. Transfer the lead precipitate and bed to the same
250-ml. beaker used for the precipitation, keeping the volume at
about 80 ml. While stirring continuously with a mechanically
driven glass stirrer, add slowly 2 ml. of 2 N sulfuric acid, and con
tinue stirring for 20 minutes or until the chlorogenate has de
composed. Filter through a No.1 Whatman paper in a 5.5.-cm.
Buchner funnel, and wash with four 20-ml. portions of water.
Neutralize the filtrate and washings with 2 N sodium hydroxide to
a pH of 6 to 7, transfer to a 200-ml. volumetric flask, and make to
volume.

Transfer 50 ml. to a glass-stoppered Erlenmeyer flask and add
25 ml. of 0.1 N iodine solution. Immediately, with constant
stirring, add 25 ml. of 0.1 N sodium hydroxide dropwise from a
buret over a 3-minute period. Stopper the flask, and allow to
stand in a dark place for 1 hour. During this period the tem
perature should be 25 0

± 2 ° C. At the end of the reaction period
add 10 ml. of 2 N sulfuric. acid, and
after 5 minutes titrate with standard
0.1 Nsodium thiosulfate solution, using
starch indicator.

Run a blank titration on 25 ml.
of the iodine solution, using 50 ml.
of water in place of the 50-ml. aliquot
of sample. Calculate the per cent
of anhydrous chlorogenic acid present
in the coffee (dry basis) by the follow
ing equation:

1210
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Figure 2. Ultraviolet Absorption of Green Coffee Extract

1. Original water extract
2. Filtrate from lead precipitate of water extract; deleaded

Conditions Affecting the Reaction
between Chlorogenic Acid and Iodine.
The Slotta and N eisser iodometric
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a Values calculated using ratio of 10.55 atoms of iodine per mole of
chIorogenic acid.

Table III. Effect of pH upon Reaction of Chlorogenic Acid
and Iodine

Table II. Effect of Chiorogenic Acid
Titration"

No. of Excess Chlorogenic Acid
Titrations Iodine Taken

% Mg.

2 90 47.8
2 106 41.0
2 145 34.2
6 188 27.3
6 282 20.5
2 425 13,7
2 810 6.8

method (15) is based upon the oxidation of chlorogenic acid with
iodine in alkaline solution. The solution to be analyzed is mixed
with a measured amount of standardized iodine, then hypoiodite
is generated by adding sodium hydroxide. Following a given
reaction period, the solution is acidified and the liberated excess
is back-titrated with standard thiosulfate solution. The theo
retical aspects of this reaction and its application in the measure
ment of catechol and its isomers, I,2-naphthoquinone-4-sulfonic
acid, adrenaline, tyrosine, and thiamine have been presented by
Slotta and Neisser (14, 16). Their work indicated that under
specified conditions o-diphenols such as chlorogenic acid react
with about 10 atoms of iodine and showed that the hypoiodite
oxidation involves the aromatic ring only without affecting the
side chain.

Current observations have shown that exact control of con
ditions during the iodine reaction are necessary for precise meas
urements. Reliable results are obtained when: (a) the amount of
chlorogenic acid in the aliquot treated with iodine is 30 to 40 mg.
(see Table II), (b) about 150% excess iodine is present (see Table
II), (c) the pH of the solution prior to the addition of the iodine is
between 3 and 8 (see Table III), (d) the sodium hydroxide (25
mI., 0.1 N) is added over a period of 3 minutes, and the final pH is
between 10.9 and 11.1, (e) the temperature is 25 0

± 2 0 C. (see
Table IV), and (f) the reaction time is 1 hour.

Under these arbitrary conditions, 1 molecule of anhydrous
chlorogenic acid reacts with 10.55 atoms of iodine. This figure is
an average of 20 titrations on a pure chlorogenic acid sample. If
one or more of the factors listed in the preceding paragraph is
varied, the amount of iodine consumed per mole of chlorogenic
acid will also vary.

Conditions Affecting Formation and Decomposition of Lead
Chlorogenate. The precipitation of chlorogenic acid by means
of lead acetate has been used by many workers'as a means of
separating the acid from other soluble constituents of coffee. In
using-this step in an analytical procedure, it is essential to employ
the conditions· that will give quantitative precipitation and re
covery' of the chlorogenic acid and at the same time provide
optimum specificity. The conditions known to affect the lead

Effect of Temperature upon Iodine Reaction
Chlorogenic Acid

pH before
Adding Iodine

3.3
7.2
8.1
9.7

11.6

Table IV.

Determinations

3
3
3

pH during
Iodine Reaction

10.9
11.0
11.0
11.0
11.1

Temperature
ae.

18-20
25-27
35-40

Level upon Iodine

Chlorogenic Acid
Found

Mg. %
41.1 88.0
40.5 98.7
34.1 99.7
28.2 103.4
21.6 105.1
15.9 116.1
9,2 135.3

Chlorogenic Acid Found
(34.1 Mg. Added)

Mg. %
34.1 100.0
34.3 100.6
33.8 99.1
31.6 92.7
24.0 70.4

Taken Found
Mg. Mg. %

34 . 1 30.5 89.3
34.1 34.3 100.7
34.1 35.6 104.3

precipitation and recovery of chlorogenic acid are:, (a) concentra
tion of chlorogenic acid and of excess lead, (b) pH of the solution,
(c) time and temperature of precipitation, (d) method of collecting
the precipitate, and (e) method of regenerating the lead salt.

Early work indicated that several hours were required for com
plete .precipitation of chiorogenic acid by lead under the con
ditions of the Slotta and Neisser method. In the later work on the
ultraviolet absorption method, it was found that by suitable
manipulations essentially complete lead precipitation from dilute
solutions could be made in about 1 hour. This was achieved by
the use of basic lead acetate in the presence of potassium acetate,
and by heating the lead-treated solution briefly, then cooling to
about 0 0 C., with constant stirring, for the remaining period.
These conditions were not applied to the iodometric method.

Regeneration of the chlorogenic acid from the lead salt has been
one of the most difficult steps in theiodometric procedure. The
substitution of sulfuric acid for hydrogen sulfide as the reagent for
decomposing the lead chlorogenate improves both the precision
and convenience of this step. The sulfuric acid should be added
in a limited excess (25 to 100%), inasmuch as a large excess re
sults in an apparent loss of chlorogenic acid. High temperatures
during deleading in acid solution also result in low recovery.

ULTRAVIOLET ABSORPTION METHOD FOR CHLOROGENIC'ACID

Reagents. Petroleum' ether, c.p., boiling point 20 0 to 40 0 C.
Potassium acetate, c.p., crystalline (CR,COOK. 3H20).
Lead acetate, C.P. basic dry powder, saturated water solution.
Filter paper, Whatman No.1, ll-cm. Green's Fluted No. 4881/ 2,

18.5-cm.
Procedure. Prepare the sample for analysis by grinding and

flaking. Determine its moisture content by drying 2 grams to
constant weight in a 70 a C. vacuum oven. Defat a 2-gram sample
of the flaked green coffee by washing with three 25-mL portions of
petroleum ether, boiling point 20 0 to 40 0 C. Allow the residue to
stand about 5 minutes, or until most of the solvent has evapo
rated. Transfer to a I-liter volumetric flask. For roasted coffee
weigh 2 grams of the flaked sample directly into a I-liter volu
metric flask.

Add about 800 mL of distilled water and shake occasionallv for
20 minutes. Dilute to volume, shake thoroughly, and filter
through a Buchner funnel, using a No.1 Whatman filter paper.
Discard the first 25 to 50 mL of filtrate and collect about 150 ml.

Dilute the filtrate of both the green and roasted coffee 1 to 10
with water and measure the optical density at 324 millimicrons.
Calculate the per cent chlorogenic acid in green coffee using an
Er~m. value of 526 for anhydrous chlorogenic acid.

Analysis of roasted coffee requires a lead precipitation step.
Place 100 ml. of the roasted coffee extract in a 200-ml. volumetric
flask. Add 1 gram of potassium acetate and 2 ml. of saturated
basic lead acetate solution with swirling. Place the flask in a
steam or boiling water bath for 5 minutes, then transfer to an
ice bath at about 0 0 C., and stir mechanically forI hour with a
glass stirrer. Make to volume, shake thoroughly, and filter through
a fluted filter paper. Discard the first 25 to 50 ml. of filtrate and
collect about 25 ml. Take the density reading of this filtrate
without dilution at 324 millimicrons. Subtract one' fifth of the
density reading of the lead filtrate from the density reading of the
1 to 10 diluted original extract. Calculate the per cent chloro
genic acid using this corrected density value.

The absorption measurements reported herein were made with
a Beckman quartz spectrophotometer, Model DU, using' I-em.
quartz cells and a slit width of 0.3 to 0.5 mm;

Within the limits used, 5 to 20 mg. per liter, the ultraviolet
absorption of chlorogenic acid in water solution follows Beer's law
of direct proportionality between absorption and concentration,
and molecular extinction values of'potassium chlorog~nate and
potassium .caffeine chlorogenate,· are identical with those of
chlorogenic acid. The effects of the presence in coffee of isomeric
forms of chlorogenic acid and of free caffeic acid upon theabsorp
tionhave beell neglected, all measurements being made with pure
chlorogenic acid 'as the standa~d.

Prepar~tion'of Sample. The importance of proper prepara
Hon for anal:j'sis of a plant material such as coffee cannot be
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5.81

7.41
7.46
7.41
7.46
7.46
7.41
7.43
5.75
5.77
5.61
6.09

Iodometric
Methodb

Direct
reading

7.69
7.69
7.77
7.83
7.88
7.93
7.80
4.86
4.88
4.83
4.84
4.82
4.73
4.78
4.83
4.80
4.78

Av. 4.82 4.57
a Correction of 0.2 mg. added for solubility of lead chlorogenate.
b Correction of 3.0 mg. added for solubility of lead chlorogenate.

Av.
Roasted blel).ded coffee

Green Bogota coffee

chlorogenic acid, absorbing at 324 milli
microns. It is not known whether this
represents a .modified chlorogenic acid,
some entirely different substance formed
during roasting, or an interference with
the precipitation of lead chlorogenate.
These observations indicate that lead
precipitation should be included in the
procedure for roasted coffee.

Factors Affecting Light Absorption of
Chiorogenic Acid. The absorption of
chlorogenic acid remains constant over
the pH ranges 2.4 to 5.9 in solutions buf-
fered with citric acid-disodium phosphate
mixtures. In a single experiment the ab
sorption of the acid in pure solution was
found to decrease by about 18% at 324
millimicrons when the pH was raised
above 8; this change is characteristic of

phenolic compounds. It is also possible that the decrease is a
secondary effect of air oxidation in the slightly alkaline solution.
No change in the absorption at 324 millimicrons was observed in
pure solutions or coffee extracts held at pH 4 to 6 for 1 to 3 days
at room temperature in diffused daylight.

Precision and Specificity of Ultraviolet Method. A compara
tively high degree of precision is attainable with the ultraviolet
absorption method because of the simplicity of the manipulative
procedure and the reproducibility of the final light measurement.
The statistical methods of Moran (11) and the A.S:T.M. (1) have
been applied to the calculation of the precision of the uJ.traviolet
method. The value of ±2 <T has been used in calculating the LU'6
value (limit of uncertainty for 95 out of 100 determinations). A
correction factor of 0.869 has been applied in these calculations as
recommended by the A.S.T.M. (1). On the basis of the deter
minations .shown in Table V, the LU'6 for chiorogenic acid by
direct ultraviolet readings on water extracts of green coffee is
±0.24%. When the determination includes lead precipitation as
used for roasted coffee, the corresponding LU'6 value is ±0.1O%.
. There is some variation between the chlorogenic acid values

found by the ultraviolet and iodometric methods. The ultra
violet absorption figures, as shown in Table V, are 5% higher than
the iodometriD values for green coffee and 17% lower for roasted
coffee. These variations reflect the different types of specificity
of the two methods. The ultraviolet absorption procedure is the
more reliable of the two methods for both green and roasted coffee,
as it is based on a highly specific measurement. It has also been
observed in this laboratory that pYrolyzed products of sucrose,

Table V. Comparison of Ultraviolet and Iodometric
Methods for Determining Chlorogenic Acid in Coffee

Ultraviolet Absorption Method
By difference before

and after lead
precipitationa

----Per Cent (Dry Basis)---
7.59
7.59
7.72
7.81
7.87
7.85
7.74
4.58
4.58
4.56
4.56

WAVE LE NGTH

Figure 3. Ultraviolet Absorption of Roasted Coffee Extract

1. Original water extract .
2. Filtrate fro.lIl lead precipitate of water extract, deleaded
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overemphasized. Extensive investigations in this laboratory
have sb,own that accurate analytical values.on green coffee can be
obtained only on samples in which most of the cell structure has
been broken. It is recommended that, for the analysis of any
water-soluble constituent of green and roasted coffee, all samples
be milled to a particle thickness of 50 to 100 microns. A 3-roll
chocolate mill, cereal flaking mill, or any mill giving comparable
griI).ding can be used for this purpose.

Extraction and Precipitation of Chlorogenic Acid. Several
different techniques have been used in previous methods for
extracting the chlorogenic acid from coffee. Analyses with both
the iodometric and ultraviolet methods show that a 500 to 1
batch extraction gives higher and more reproducible chlorogenic
acid values than a 10 to 1 batch extraction or Soxhlet extraction.

A slight turbidity in the dilute water extracts of green coffee
can be avoided by petroleum ether extraction. This solvent does
not remove any substances which absorb light in the range of 324
millimicrons. Turbidity is not encountered in the water extracts
of roasted coffee.

Experimental results on pure solutions show that basic lead
acetate is a better precipitating agent than the neutral salt and
that effective precipitation can be obtained by heating the lead
treated solution for several minutes in a steam bath and then
stirring in an ice bath for 1 hour. The addition of potassium
acetate lowers the solubility of the lead chlorogenate. By taking
advantage of these factors it is possible to precipitate in 1 hour
98.5% of the chlorogenic acid in 100 m!. of solution containing
15 mg. of pure chlorogenic acid. The solubility of lead chloro
genate in pure solution would account for essentially all of the
material remaining in solution in lead-treated green coffee ex
tracts which absorbs at 324 millimicrons. Excess lead acetate
does not interfere with the absorption. Under comparable con
ditions, 0.2 mg. of cl;J.lorogenic acid is insoJution after the lead pre
dpitation of pure solutions, and 0.3 mg. of apparent chlorogenic
acid is in solution after the precipitation of the green coffee
extracts. The basi~ lead acetate removes 98.0% of the material
absorbing at 324 millimicrons from green coffee extracts. These
data, shown in Figure 2, indicate that the total ultraviolet ab
sorption at 324 millimicrons of aqueous green coffee extract is as
reliable a measurement of chlorogenic acid as a method based
upon the absorption before and after lead precipitation.

The observations made on roasted coffee extracts show that an
appreciable fraction of the material absorbing light at 324 milli
microns remains in solution after treatment with basic lead
acetate. The ultraviolet absorption spectrum of a roasted
coffee extract is shown in Figure 3. The soluble fraction contains
the equivalent· of 0.8 mg. of chlorogenic acid or 8.4% of the total
of 9.4 mg. in 100 m!. of solution. After the correction factor for
the solubility of lead chlorogenate (0.2 mg.) is applied, there re
mains in solution about 6% of the total material, calculated as
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I. Pure chlorogenic acid hemihydrate
2. Mixture of chlorogenic acid helD.ihydrate, caffeine, trigonelline, sucrose, and nondiffusible.

in green coffee water extract
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comparable to those present in roasted
coffee, react with iodine under the condi
tions used in the iodometric method for
chlorogenic acid.

The water-soluble alkaloids, proteins,
and sucrose found in water extracts of
green coffee apparently do not interfere
with the direct ultraviolet absorption
method. The absorption at 324 millimi
crons of a solution containing pure chloro
genic acid, trigonelline, caffeine, sucrose,
and the nondiffusible fraction of green
coffee extract, which together represent
about 90% of the water-soluble portion of
flaked green coffee, is almost identical
with the absorption of the same amount of
chlorogenic acid in pure solution, as shown
by the absorption curves in Figure 4.

Dialysis experiments indicate that the
high molecular weight components of
green coffee extract do not interfere with
the absorption measurements. The frac
tion of the water extract which diffuses
through cellophane contains essentially
all of the material which absorbs light at 324 millimicrons.

Known amounts of pure chiorogenic acid added to the extrac
tion mixture of green coffee and water can also be measured quan
titatively by direct absorption measurement. For example, the
recovery of 142.2 mg. of chlorogenic acid added to 2-gram samples
of green coffee was 142.5, 142.5, 140.5, and 140.0 mg. for four
separate extractions.

These observations indicate that the ultraviolet absorption
method is more precise and specific and at the same time much
more rapid than any existing procedure for measuring chlorogenic
acid in coffee.
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Determination of Bromine Addition Numbers
An Electrometric Method

H. O. DUBOIS AND D. A. SKOOG', California Research Corporation, Richtnond, Calif.

BROMINE addition is widely used in the petroleum industry
to measure the olefinic unsaturation of hydrocarbon ma

terials, and a number of methods have been proposed for this de
ter~ination. One of the most common is the Francis method (1)
and its modifications, by Mulliken and, Wakeman (4) and Lewis
and Bradstreet (3). 'l;'he original Francis method used an excess
of a potassium bromide-bromate reagent in acid solution as the
brominating agent, and the excess was determined iodometrically.

I Present address, Department of Chemistry, Stanford University, Calif.

In the modifications of the method, the excess of the brominating
reagent and the time allowed for bl'omination are carefully con
trolled in order to avoid high results as a consequence of substi
tution of bromine in the hydrocarbon. These procedures h,tve all
been found somewhat time-consuming, and considerable trouble
is encountered in determining the proper excess of reagent, par
ticularly when the samples are colored.

Kaufmann (2) has proposed a method which involves the use of a
bromine solution in ml'\thyl alcohol saturated with sodium bromide
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An electrometric method for the determination of bromine addition numbers
has been developed which is particularly suited for routine work. The procedure
involves direct titration with the stable potassium bromide-bromate reagent.
A catalyst is used to increase the reaction rate, and cooling is employed to reduce
substitution to'a minimum. The method is believed to have a number of ad
vantages: Only a single, stable, standard reagent is used; the presence of dark
colored materials causes no interference; substitution is reduced to a minimum;
and the method is rapid and particularly suited for routine analyses.

Figure 1. Electrometric Bromine Number Apparatus

Potassium Bromide-Bromate, 0.626 N. 'Exactly 17.42 grams
of dried C.P. potassium bromate and 70 grams of C.P. potassium
bromide are dissolved in dist.illed water and diluted to exactly 1
liter.

PROCEDURE

The sample is weighed or pipetted into the titration vessel which
has been filled with 110 m!. of the cooled titration solvent. A
sample size is chosen according to the following table:

Appro". Wt. of Sample, Grams

0.2
0.5
2

Estimated Bromine No.

>200
20-200

1-20

If the sample is viscous and difficult to transfer or the solubilit.y
in the solvent is poor, a few milliliters of carbon tetrachloride may
be used to dissolve and transfer the sample.

The stirring motor is started. Before beginning the titration
the temperature of the solution should be less than 50 C. The
electric eye control is adjusted so that the eye is very nearly

Glacial acetic acid, C.P. 80
Methanol, C.P. 7
Carbon tetrachloride. C.P. 15
Sulfuric acid, 6 N 2
Alcoholic mercuric chloride solution (10 grams of C.P. mer-

curic chloride per 100 ro!. of 95% ethanol) 2

as the brominating reagent. However, Uhrig and Levin (6) have
shown that unless considerable care is taken to control the excess
of reagent, high results are obtained. The latter workers titrate
directly with a solution of bromine in glacial acetic acid and de
termine the end point by the appearance of the yellow color of the
excess bromine. By avoiding a large excess of bromine the possi
bility of substitution is greatly reduced, and good re~ults are ob
tained. The main disadvantages of this procedure are that the
reagent requires frequent standardization with sodium thiosul
fate, and the end-point detection becomes difficult with colored
materials.

This paper describes a method for the determination of bromine
addition which has been in use in these laboratories for several
months and has given excellent results even in the hands of un
skilled operators. It involves a direct titration with the stabfe
potassium bromide-bromate reagent. The end point is deter
mined by the dead-stop electrometric technique, so that the
presence of colored materials does not interfere. A catalyst is
used to increase the reaction rate and cooling is employed to re
duce substitution to a minimum.

The method is believed to have a number of advantages over
those previously reported-only a single, stable, standard
reagent is required; the presence of dark colored materials
causes no interference; errors due, to substitution are reduced to a
minimum; and the method is rapid and particularly well suit.ed
for routine analys~s.

APPARATUS

Figure I shows a general view of the apparatus. The dead-stop
technique is employed with an electric eye tube to detect the flow
of current at the end point.

Electrometric Apparatus. The electrode stand and platinum
electrodes from a Fisher Senior titrimeter were used in this work.
Figure 2 shows a circuit diagram of the amplifying unit used. The
potential applied across the platinum electrodes is approximately
0.5 volt..

Titration Apparatus. Figure 3 shows-a schematic diagram of
the apparatus used for routine work. The titration vessel, A, is
approximately 12 cm. high and 4.5 cm. in diameter and is jacketed
so that ice water may be circulated tQ cool the contents. A t.wo
way stopcock at the bottom of the cell is used to fill the vessel with
titration solvent and empty it after the titration is complete. The
titration solvent is precooled in glass coils immersed in the large
9.4-liter (2.5 gallon) Dewar flask, B. Ice is used for cooling, and
the cold water from the Dewar is also used to cool the titration
cell. Tygon tubing is used for all the flexible joints. The titra
tion solvent is prepared in 5-gallon'lots and stored below the
laboratory bench. It is transferred from the storage bottle to the
2-liter container, C, by applying a suction at D. From C the
solvent flows by gravity through the cooling coil to the titration
cell.

REAGENTS

Titration Solvent. The following are mixed in the indicated
volumetric proportions:
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REAGENT
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DRAIN

Figure 3. Titration Apparatus
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have a freezing point lower than 0 0 C. As it was considered
highly desirable to use the stable potassium bromida--bromate
reagent, a solvent had to be chosen which would tolerate a reason
able amount of this without forming two phases. The solvent also
had to be acidic enough to cause a fairly rapid release of bromine
from the mixture of potassium bromide and potassium .bromate.
The solvent described under Reagents fits these requirements
reasonably well. Its freezing point is approximately _1 0 C.,
and it has sufficient conductivity to cause no difficulty in the de
tection of the small flow of current at the end point. Approxi
mately 15 m!. of reagent can be added without separation of
phases. If more than this is required a smaller sample must be
chosen. A small amount of dilute sulfuric acid is incorporated in
the solvent in order to hasten the release of bromine from the
bromide-bromate reagent. Without this, the reaction is slow
enough to make the titration impractical.

The recommended solution is a reasonably good solvent for
hydrocarbons. With some materials of high molecular weight
solubility trouble is sometimes encountered, but usually this can
be overcome by solution of the sample in 5 or 10 m!. of carbon
tetrachloride and slow addition of this solution to the solvent.
This reduces the water tolerance to perhaps 10 m!. and a sample
size must be chosen which will require less than this amount of
reagent. In a few cases it has been found necessary to run the
titration at room temperature in order to obtain complete solu
ijon of the sample. However, most samples encountered in the
petroleum industry are readily soluble and give no trouble.

Highly branched olefins were found to give evidence of some
substitution even with the direct titration procedure when titra
tions were made at room temperature. Thus, diisohutylene gave
bromine numbers ranging from 144 to 154 compared with a
theoretical of 142.5 and the end points in titrating this material
were very poorly defined. It has been shown (5) that the rate of
halogen substitution reactions is greatly reduced at low tem
peratures, while the rate of the addition reaction is not materially
affected, so that by cooling the reaction mixture to 0 0 to 50 C. this
difficulty is overcome. This precaution is probably not necessary
for many or most samples encountered. However, it is simpler for
routine work to construct the apparatus so that all samples are run
at low temperatures.

Lewis and Bradstreet (3) have suggested the use of metal salts
as catalysts in the addition of bromine to olefinic double bonds,

6E5
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1. BrOlnine NUJnbers by ElectroDletric Method
Obtained at 0 0 to 50 C. on Pure CODlpounds

Bromine Number
Theory Found
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Diisobutylene 142.5 142
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Tet.raisobutylene 71 61
62

1-0r.tadecene

Tahle

3
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B '. N _ m!. of standard reagent X 5
romme. o. - weight of sample

€~ 15K

STANCOR VPT 3
Figure 2. Electrometric Titrimeter

In choosing a solvent for an electrometric titration involving
hydrocarbon compounds, a number of factors had to be con
sidered. The material had to be a reasonably good solvent for
aromatic and paraffinic hydrocarbons, as well as a conductor, and

DISCUSSION

closed. The standard reagent is added dropwise at first, and if the
eye does not flicker appreciably, the rate of addition may be in
creased until the eye opens. Small additions are then made until
the eye remains open for 30 seconds or longer. If more than 15
m!. of reagent are required, the analysis should be repeated using
a smaller sample.

The bromine number of a material is defined as the grams of
bromine absorbed per 100 grams of sample and may be calculated
by the use of the following equation:

Bromine No. =
m!. of standard reagent X normality of standard reagent X 8

weight of sample

If the normality of the potassium bromide-bromate is exactly
0.626,
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Table II. Brornine Nurnbers by Electrornetric Method
Obtained at 0 0 to 50 C. on Diluted Sarnples of

Diisobutylene

%
Devia-

tion
from

Sample Theory Found Theory
Toluene, c.p. 0.0 0.08
Highly treated kerosene· 0.0 0.09
White gasoline 0.0 0.06
Diisobutylene in toluene, wt. %

17.2 24.5 24.2 1.2
24.3 0.8

6.7 9.6 9.7 1.0
9.9 3.1

3.3 4.8 5.0 4.2
5.0 4.2

Diisobutylene in highly treated kerosene, wt. %
78.3 111. 6 110 1.5

112 0.3
37.7 53.7 54.1 0.7

54.9 0.7
18.5 26.4 25.9 1.0

25.5 3.5
7.07 10.1 10.1 0.0

10.3 2.0
3.72 5.3 5.3 0.0

5.4 1.9
Diisobutylene in gasoline, wt. %

80.4 114.6 114 0.8
114 0.8

40.9 58.3 57.8 1.0
58.8 0.7

20.7 29.5 29.5 0.0
28.9 2.0

8.35 11. 9 12.2 2.5
12.0 0.8

4.20 6.0 6.0 0.0
6.1 1.7

and a number of· these were examined. It was found that
mercuric chloride was particularly effective for increasing the
reaction rate, and when this salt was present the titrationcould
be completed in a much shorter time.
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Table I shows the results obtained by this procedure on a num
ber of organic compounds. The first three were obtained from the
Connecticut Hard Rubber Company and had a guaranteed
minimum purity of 95%. The styrene and a-methyl' styrene
were Dow products of 99.5% purity and the diisobutylene and
tetraisobutylene were Eastman White Label compounds. None
of the materials was further purified.

In order to 9-etermine the applicability of the procedure and
apparatus for routine work, a series of samples was prepared from
diisobutylene and various hydrocarbon solvents. These were
analyzed by a semiskilled operator who was unaware that the
samples were test materials. The data in Table II show an aver
age deviation of 1.5% from the theoretical values.

In general, the results by this method have been found to be
superior to results obtained by the Lewis and Bradstreet pro
cedure when analyses are made by operating personnel on a
routine basis, particularly when highly branched olefinic com
pounds are being analyzed. The amount of judgment required in
in the use of this procedure is considerably less than with' most
other methods, and the time required per analysis is low. For
most samples, the titration can be completed in 2 to 3 minutes.
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Preformed Vitamin Ain Mixed Feeds
Chemical Es.timation by Chromatographic Methods

MILTON NAROD AND DIRK VERHAGEN, Lyle Branchjlower Co., Seattle 7, Wash.

Preforrned vitarnin A, after being added to rnixed feeds, rnay be separated frorn
interfering substances such as the carotenoids and the oxidation products of
vitamin A and then estirnated by the Ca~r-Price reaction. A chrornatographic
adsorption method using a mixture of magnesia and Celite as the adsorbent and
petroleum ether as the solvent is used. The procedure also effects a separation
of the alcohol and ester forrns of vitarnin A. Idimtification of all the constitu
ents is aided by their fluorescence in ultraviolet light. Recovery frorn mixed
feeds ranged frorn 84 to 98%.

THE wide use of fish liver oils as an ingredient of mixed feeds
has stimulated study of methods for estimating preformed

vitamin A in these feed products. Reports indicate that physico
chemical methods may be applied, providing certain obstacles
can be overcome. One of the main difficulties involves the separa
tion of vitamin A from interfering substances occurring as con
stituents of other ingredients of the feed, These substances may
interfere with either spectrophotometric IiJ.ethodsbased upon
measuring absorption in the region 325 to 3.28 mIL or colorimetric
methods for measuring the intensity of the. blue color at 618 to
620 mIL given by the Carr-Price reaction.

Impurities have been removed in a number of ways. One of the
earliest methods, which consistedof saponifying the material and

then estimating the vitamin A in the unsaponifiable fraction, is
readily adaptable for natural vitamin A products such as liver
oils. However, when vitamin A is added to feedstuffs, par
ticularly plant materials, all the interfering substances are not
removed with the saponifiable fraction, and the oxidation prod
ucts of vitamin A do not appear to be removed by saponification.
Some constituents mask absorption in the ultraviolet, while
others produce colors not characteristic of vitamin A when Carr
Price reagent is used.

Chromatographic adsorption methods have been used in the
preparation of extracts. of vitamin A in order to free them of
interfering substances. Floridin earth (1), calcium phosphate (3),
sodium carbonate (5), charcoal (6); bone ash (8), alumina (13),
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and magnesia (16) have been used as adsorbents. Some of the
materials retain vitamin A and pass the remaining sllbstances; the
vitamin A present is then estimated by difference. Other ad
sorbents pass the vitamin A and retain the interfering substance.
This latter type of adsorption was found the more desirable for
this work.

Alumina and magnesia proved to be satisfactory adsorbents for
the separation of vitamin A from feed extracts. Of the two
magnesia was chosen because it has less affinity for the vitamin.'

ANTIMONY TRICHLORIDE REAGENT, a saturated solution of
antimony trichloride in chloroform.

ULTRAVIOLET LIGHT SOURCE, Stroblite, consists of a GE-2.5
watt argon bulb and a Kopp glass filter U.V. No. 41, obtained
from Scientific Supplies Company, Seattle, Wash.

Preparation of Column. Soft-glass tubes, 40 cm. long and 18
mrn. in diameter, are used. A cotton plug is inserted in the
bottom and the tube is filled with about 4.5 gra)llS of the adsorb
ent mixture which is packed down to a height of about 10 cm.
The length of the column used will depend on the amount of non
vitamiri A material present in the extracts. A cotton plug is
pushed down on top of the adsorbent and over this about 0.5
cm. of anhydrous sodium sulfate is added. Slight pressure
hastens the progress of the solvent through the column (12).

Method. Twenty-five gra)llS of feedstuff are Soxhlet-ex
tracted for 4 hours with purified petroleum ether. The extract is
concentrated to 25 ml. by use of vacuum and mild heat. An
aliquot of this extract, containing 5 to 40 units of vitamin A,
is pipetted onto a column previously wetted with petroleum ether.
The column is developed and the vitamin A ester eluted in the
first fraction with more petroleum ether. In cases where vitamin
A alcohol is being eluted, solutions of 5% chloroform in petroleum
ether are used. The fluorescent vitamin A fractions are followed
clown the column with the aid of the ultraviolet light.

Eluates are concentrated to a small volume by evaporation in
vacuo. Aliquots are pipetted into colorimeter tubes and evapo
rated to near dryness, and 1 m!. of·chloroform is immediately
added. The tubes are then placed in an Evelyn colorimeter and
the blue color is developed by adding 10 ml. of antimony tri
chloride reagent.
, The colorimeter Was calibrated with dogfish liver oil which had

been standardized with a Beckman quartz spectrophot()meter.
All work was carried out under a red darkroom light or with low
actinic glassware. An absolute darkroom was necessary for use of
the ultraviolet light, which was used only momentarily to locate
the bands. With experience, this was kept at a minimum.
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Figure 1. Diagrallllllatic Representation of
Chrolllatogralll of Feed Extract

Wilkie and DeWitt (16) used magnesia for the estimation of
vitamin A in oleomargarine and their method was adapted for this
study. A mixture of magnesia and Celite in the ratio of 1 to 2
when used as the adsorbent, forms an excellent chromatogram
with vitamin A and an extract of feedstuffs. It also distinguishes
between the alcohol and ester forms of the vitamin (6, 9, 14, 15) as
well as their oxidation products (4).

PROCEDURE

Materials and Apparatus. PETROLEUM ETHER (Merck ben
zin), purified by shaking with anhydrous sodium sulfate and then
with activated charcoal. The manufacturer's product was found
to have a fluorescent substance that was adsorbed on magnesia.
This made purification necessary (7). The solvent was then dis
tilled and a fraction that boiled between 39 0 and 48 0 C. was used
for extraction and chromatography.

ETHYL ETHER, U.S.P., made peroxide-free by distilling over
iron wire and discarding the first and last 10%., It was stored over
15% sodium hydroxide.

MAGNESIUM OXIDE (Baker's C.P. light powder) .and Celite
(Johns Manville No. 545) were mixed together carefully with the
.aid of a screen in the ratio of two Celite to one magnesia by'
weight. The mixture was tested to pass vitamin A and retain
carotenoids.

Since the completion of this work the authors have been in
formed that the J. T. Baker Chemical Company no longer makes
a "light powder" C.P. magnesium oxide. However, the U.S.P.
grades of magnesium oxide in the "light powder" or "extra light
powder" types were found to be as useful as the C.P. grades. The
extra light powder is more retentive than the light powder,but
the former allows the solvent to pass through very slowly.

CHLOROFORM, C.P., anhydrous.

DISCUSSION

The chromatogram, under the ultraviolet light, in daylight, and
when sprayed with antimony trichloride reagent, is indicated in
Figure 1. Under ultraviolet the adsorbent which forms the ,back
ground is a dark purple, almost black. Both the ester and the
alcohol forms of vitamin A fluoresce as a bright yellowish band
on the columns. Under similar conditions various colors have
been noted for this fluorescence (11, 13, 15, 16).

Oxidized vitamin A was obtained by aerating a sample of
vitamin A oil in a stability apparatus (10) until the addition of
antimony trichloride reagent gave a purple color. These oxidation
products of vitamin A (4) did not exhibit a fluorescent band on
the column with ultraviolet light and were left with the remaining
pigments on the upper section of the column. The pigments of the
feedstuff extracts show a variety of colored bands with ultra
violet light. Many of these pigments, some of which are carotenoid
in nature, form distinct visible bands in daylight (see Figure 1).

Proof and identification of the various bands of vitamin A and
oxidized vitamin A, alone or in combination with the feedstu'ff ex
tracts, are established by extruding the developed column care
fully onto a glass plate and spraying or painting it with antimony
trichloride reagent (see Figure 1). A plastic medicinal atomizer
is used to spray on the antimony trichloride reagent. Vitamin A
bands turn a bright blue immediately, oxidized vitamin A de
velops a violet color in a few seconds, and the carotenoid pig
ments turn a variety of colors. Of interest here is the fact that
the blue color that forms with carotene lasts for 2 tG 3 minutes,
whereas that formed with vitamii-I A lasts only about 30 seconds.

An unidentified pigment of alfalfa offered some difficulty when
alfalfa-containing feedstuff extracts were chromatographed. "It
appeared as an orange band between the vitamin A ester and the
vitamin A alcohol. This pigment did,not fluoresce in the ultra
violet, did not turn any color with antimony trichloride reagent,
and could not be extracted with 90% aqueous methanol. Eluted
solutions were distinctly yellow, but small traces of it did not
interfere with the accuracy of the vitamin A determination. Care
ful elution eliminated this pigment altogether.

Recovery experiments showed a column efficiency ranging from

1~~~ VITAMIN A
~ ESTER

BLUE
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34 1.8

a Feeds compounded to contain 7.5 \luits per gram. 1.4 21
b Percentage figures calculated from average of two values and based on

original estimated potency of 7..; units per gram.

95

51

59

Lot 3
Units/g.

7.2
7.0
3.7
3.8
4.4
4.355

52

101

same relative' position on the
column when antimony trichlo
ride reagent is sprayed on the
extruded column.

Studies were made to eval
uate the applicability of the
chromatographic method for
determining the vitamin A con
tent in practical rations and for
following the disappearanc~of
the vitamin during .storage.
For convenience, test condi
tions were selected which
greatly accelcrated the rate of
destruction.

Units/g.

7.0
8.2
4.0
3.8
4.2
4.0

96

83

52
48

29

%b
Lot 1

Reeov- Recov-
ery, eryb,
% %

92.5
94.4
94.0
98.1
90.9

86.4 95:6
83.8 92.8
86.4 95.6

94.1 102.1
92.7 100.5

2.0
2.4

Units/g.
7.2 .
7.2
6.2
6.2
4.2
3.6
3.6

2.65
7.08

5

8

o

12
13

18

19

20

28

30

Stored•
Days

A sample of mixed com-
merciallaying mash containing
large quantities of yellow corn
and alfalfa, and which had no
preformed vitamin A included
in it,' was used. One-half
pel' cent of three different

feeding-blend oils of an approximate potency of 1500 units
pel' gram was added to the mash and mixed in thoroughly
by hand. The potency of the mixed mashes was calculated to be
7.5 units per gram. In addition, a sample of feed with 0.5%
cottonseed oil added, was treated in the same manne~ as a blank.
Into small, thin cotton bags, 25-gram portions of the mash were
packed loosely, and a pail' of bags of each sample was immedi
ately Soxhlet-extracted with petroleum ether. The remainder of
the bags were set away for storage under conditions that greatly
acc~le~ated the rate. of destruction. The samples were analyzed
penodlCally by puttmg the bags directly into the Soxhlet appara
tus and extracting with petroleum ether. The extracts were con
centrated and chromatographed.

Table Ill. Vitalllin A Recovery
(Denlonst.ration of application of chromatographfc method in following
destruction of preformed vitamin A in mixed feeds under accelerated

conditionsa)
Lot 2

The quantities of vitamin A found in the feeds at the various
times of the test are pre,sented in Table III. The amounts of
vitamin A found ranged from 8.2 down to 1.4 units per gram. The
low values were determined with the same ease as were the initial
values. The results demonstrate the ability of the method to
determine small quantities of vitamin A in feeds, as well as to
follow its disappearance under test conditions. Negligible read
ings were obtained from the blank samples.

In further tests, a number of commercial feeds containing fish
oils were analyzed for vitamin A. Breeders and laying mashes,
dog meals, calf pellets, and rabbit pellets were studied. The in
gredients of the feeds varied widely in both type and amount, and
for that reason offered a good test of the versatility of the method.

23.9 22.1
23.3 22.0
21.5 20.2
4.75 4.60
3.40 3.09

40.3 34:8
3.07 2.57
8.35 7.20

3.52 :i:30
8.18 7.58

Units Units
added to recovered
gram of per gram

feed of feed

93.1 97.9
'88.6 93.2
91.2 96.8

Aliquots containing from 5 to 40 units to chromato-

14.7
16.2
15.1
8.2
3.8
3.9

Type of feed

Mix"ed ieeci C
iVlixed feed C

Mix"e'd ieeci c
Mixed feed C

Mili ~;';""
Mill run + 5% alfalfa
Mixed feed A
Mixed feed B
Mixed feed B

Mixed feed B
Mixed feed C
Mixed feed C

92.2

90.3

95.1

Recov
ery,
%
99.4

104.3

Recovery of Vitalllin A by Chrolllatography
Extracts of Feed with Feed Oils"

51.2

34.0
281.2

15.0
18.7
19.4
9.1
4.4
3.3

Feed Oils Alone .

Table I.

55:0

34.2
269.7

Effect of Saponification on Recovery of Vitalllin
A frOID Chrolllatogralll

Units Recovered Units Recovered
Using Whole Extract Using Saponified Extract

Units Units
added recovered

to column from column

Sample

1
2
3
4
5
6

Table II.

Potency of
Oil,

Units/G.

7350
5850
2650
2650
2960
1650
1630
9720
9720
9720
9720
9160
9160
9160
3350
3350
3350

Av. 96.3
a Oil mixed with feed and extracted ,dth petroleum ether.

graphic columns.
b Based on chromatographic assay of oil.

84 to 104%. The recovery of vitamin A was determined by add
ing an aliquot of a petroleum ether solution of a vitamin A oil to
the column and then eluting immediately. Eluates were con
centrated and measured with antimony trichloride reagent. A
second aliquot of the same solution was used as a control. The
recovery of vitamin A, when oils alone were used, is included in
Table I. The average recovery is 96.3%.

Recovery tests also were made of vitamin A in feedstuffs
(Table I). A vitamin A oil was added to the feedstuff, at levels
roughly corresponding to those found in practical rations, and
the feed was immediately Soxhlet-extracted. The recovery in
these cases averaged 91.2%. When chromatographic assays were
applied to oils used in fortifying the feed, it was possible to cal
culate the probable loss in operations other than the chroma
tography. This is shown in Table I as a calculated recovery of
96.8%.

Inasmuch as whole and saponified extracts of feeds have been
used in chromatographic work (3, 5, 16), it seemed advisable to
determine the effect of saponification on the recovery of vitamin
A from the column.

Some samples of feed extracts containing vitamin A oils were
saponified and then chromatographed; the whole extract was

.used as a control. Aliquots of the extract were pipetted into a
flask and saponified with 0.5 N alcoholic potassium hydroxide,
the mixture was refluxed and extracted with ethyl ether. The
ethyl ether was washed with water. removed under vacuum, and
replaced. by petroleum ether. The solutions were then chro
matographed.

Results of the comparison of the saponified extracts with the
whole extracts are shown in Table II.' The recovery when the
whole extracts were used was somewhat better than when
saponified extracts were used. Saponification does not seem to
offer any improvement over the use of the whole extract. Thus,
it is advisable to use the whole extract for chromatographic
analysis, as the saponification technique has been shown to be
subject to error (2) and saponification is believed to contribute
to losses if followed by chromatography (5). This has been
attributed to the instability of vitamin A'alcohol. Saponification
·does not remove oxidized vitamin A, as it still appears in the
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The dog meal contained no green feed and extracts were chromato
graphed easily. The rabbit pellets were a little more difficult to
analyze, inasmuch as 35% of their ingredients were alfalfa prod
ducts· and it became necessary to use a longer chromatographic
column in this case. However, despite the varied feeds and con
ditions, results obtained were in good agreement with the ex
pected potency.

SUMMARY

.A mixture of one part magnesia and two parts Celite by weight
makes a satisfactory adsorbent for the chromatographic estima
tion of vita.min A. Petroleum ether is a satisfactory solvent for
the elution of vitamin A ester, and 5% chloroform in petroleum
ether for the alcohol form. The Carr-Price reaction determines
vitamin A in the eluates. The adsorbent separates carotenoid
pigments, vitamin A oxidation products, vitamin A alcohol, and
vitamin A esters. Identification of these constituents is aided by
their fluorescence in ultraviolet light.

Recovery of vitamin A added to a chromatographic column
ranged from 90 to 104%. When added to mixed feeds, recovery
ranged from 84 to 98%. Recovery of added vitamin A is not im
proved by saponifying' the petroleum ether extracts of the feeds.
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Determination of Trace Impurities
In High-Purity Magnesium and Calcium

SYDNEY ABBEY, Dom.inion Magnesium. Lim.ited, Haley, Ontario, Canada

Sensitive photoIlletric Illethods for trace iIllpurities have been applied to the
analysis of high-purity IllagnesiuIll, Illagnesiulll alloys, and calciulll. Manga
nese is deterlllined as perlllanganic acid, following periodate oxidation; iron
as the thiocyanate cOlllplex; nickel as the tetravalent cOlllplex with di
lllethy1glyoxirne; copper by carbon tetrachloride extraction of the carballlate
cOlllplex; and silicon by reduction of silicolllolybdate to lllolybdenulll blue.

THE production of high-purity magnesium by the Pidgeon
ferrosilicon process has been deseribed by Pidgeon and

Alexander (12). Staub (21) described the reduction of ealcium
from its oxide by means of aluminum, in furnaces designed for
the ferrosilicon proeess for magnesium.' Standard methods of
analysis (2), being designed to t!;st eonformity to eommercial
specifications, are not always applicable to metals produced by
these processes. Aside from the impOI·tanee of sensitivity, the
lower concentrations of impurities tend to minimize interference
of one impurity on the determination of another. It therefore
appeared desirable to investigate possible modifications of
existing methods and applieability of others. Improved sen
sitivity, adequate aecuracy, and reasonable speed were the
prineipal considerations.

Typical compositions of the metals are given in Table I.
The present work is restrieted to the determination of small
amounts of manganese, iron, niekel, copper, and silicon, most of
which affeet the metallurgieal and ehemieal properties of the
metals. Further work on other impurities will be pubiished at a
later date.

EXPERIMENTAL PROCEDURE

Standard solutions of magnesium, caleium, aluminum, and
zine were prepared by dissolving the pure metals in hydrochloric

acid. Standard iron solution was prepared by dissolving ferrous
ammonium sulfate crystals in water containing a few milliliters
of hydrochloric acid. The objections to this salt as a primary
standard are well known (7), but the uncertainty of its com
position may be ignored where only mierogram quantities are
involved. Standard nickel and copper sJlutions were prepared
by dissolving the respective sulfates in water containing a few
milliliters of hydrochloric acid, and standardizing the nickel
solution gravimetrically with dimethylglyoxime. Standard sili
con solution was prepared from sodium metasilicate crystals and
standardized gravimetrically. (This solution was prepared fresh
daily.) Two standard manganese solutions were prepared;
one for use in determining the element, and another, more con
centrated, for. studYing manganese interference in the de
termination of the other impurities. Both were prepared from
standardized potassium permanganate solutions by reduction
with sulfur dioxide, in the presence of sulfuric acid. The solu
tions were then boiled to expel excess sulfur dioxide.

Eaeh method was tried first on pure solutions of the ion to be
determined. Effects of the presence of other constituents were
then studied. There was some diffieulty in finding suffieiently
pure samples for reference blanks, to whieh known amounts of the
various impurities were to be added. Generally, the purest
available material was used, and blank differences were assumed
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to be due to the presence of the impurity under study in t.he
reference sample. Where a reaction was suspected between the
reagent and an ion other than that being determined, both ions
were varied to determine the extent of the interference. In this
case, the foreign ion was supplied from varying batches of ma
terial to avoid the possibility of the two ions varying in constant
ratio.

Mg
%

88-99
99.95+
0.5-2.5

Si
P.p.m.

50
40
30

PURE CALCIUM. Place 100 mL of
water in a 400-mL beaker. Carefully
add 5 grams of coarse turnings, and morl'
water if the reaction becoIP-es too vigor
ous. When the reaction is complete.
add 30 mL of nitric acid (specific gravity
1.42), mix well to dissolve, and boil free
of lower oxides of nitrogen.

Remove from heat, and continue as
with pure magnesium.

CALIBRATION. Measure into 400-ml.
beakers quantities of standard man

ganese solution containing 0, 50, 100 ... up to 500 micro
grams of manganese (0 to 100 p.p.m. on a 5-gram sample).
Dilute to about80 mI., add 14 m!. of nitric acid (specific gravity
1.42), and boil free of lower oxides of nitrogen.

Remove from heat, and continue as with pure ·magnesium.
Plot optical densities against micrograms of manganese. The re
sulting curve ~ill ~e a: straight line, passing through the origin.
The same cahbratlOn IS used for both magnesium and calcium
samples.

Cu
P.p.m.

10
5
5

MagnesiuIll, MagnesiuIll

Ni
P.p.m.

10
5
5

20
20

%
0.lto2.5

Zn
%

o to 4

COIllpositions of High-Purity
Alloys, and Calcium

°Mn Fe
P.p.m. P.p.m.

20
20
20

Typical

Metal

Table I.

Al
'%

Magnesium alloys 0 to 10
Magnesium
Calcium

APPARATUS

All photometric readings were made on a Coleman Universal
spectrophotometer, using light paths of 1.3 and 4.0 em.; and on a
Hilger Spekker absorptiometer, equipped with Ilford spectrum
filters, and using light paths of 1.0 and 4.0 em. Although the
former instrument gives finer selectivity of wave lengths, the
latter is generally more sensitive.

DETERMINATION OF MANGANESE

Most methods for this element involve its oxidation to per
manganic acid, followed by colorimetric or volumetric determina
tion (19). With suitable precautions, this oxidation may be
applied to trace amounts. Oxidizing agents generally used are
sodium bismuthate, ammonium persulfate (with silver nitrate),
or potassium periodate.

Potassium periodate is the preferred reagent for the colori
metric determination of traces of manganese (17). Although the
persulfate-silver reaction is generally adequate, its use with cal
cium-rich materials often leads to precipitation of what appears
to be calcium sulfate.

The low amounts of manganese involved necessitate the use of
concentrated sample solutions. Nitric acid solutions give the
highest possible concentration of magnesium or calcium ions
without danger of precipitation.

Effect of Acidity. An acid concentration of approximately 14
ml. of free nitric acid per 100 ml. of solution appears to give the
best results. Lower acidities retard the reaction, while higher
acidities cause the color to fade. This corresponds to the sul
furic acid acidity recommended by Richards (13). Precise con
trol of acidity is not easily attained in dissolving magnesium in
nitric acid, because of the evolution of lower oxides of nitrogen.
This reaction may be repressed in favor of hydrogen evolution by
adding the acid slowly, in the presence of a large excess of water.
Acidity adjustment with ammonia and nitric acid 0 is possible,
but this unduly'increases concentration of salts in the solution.

Inasmuch as the determination of manganese as a trace im
purity is required only in pure magnesium and calcium (see
Table I), the effects of other alloying elements (aluminum and
zinc) were not investigated.

Procedure. PURE MAGNESIUM. Weigh 5 grams of coarse
turnings into a 400-mL beaker, add 100 mL of water, and tilt the
beaker to allow the sample to slide to one side. Add, in small in
crements, 40 mL of nitric acid (specific gravity 1.42) to the side of
the beaker away from the sample. The rate of addition should be
sufficient to maintain a slow, steady reaction, with a minimum
evolution of oxides of nitrogen. After all the acid has been added,
warm gently, if necessary, to complete solution of the sample,
then boil vigorously to remove oxides of nitrogen.

Remove from heat, add 0.5 gram of potassium metaperiodate
crystals, and stir. to dissolve. Boil gently for 10 to 15 minutes,
then keep warm until color is fully developed, adding more
periodate if necessary. Cool, transfer to a 100~mL volumetric
flask, and dilute to the mark.

Determine optical density in a 4.0-cm. absorption cell, using
green light at 530 mI-'.

DETERMINATION OF IRON

Many methods for determining traces of iron are listed by San
dell (16), but few are as rapid and sensitive as the thiocyanate
method.

Hydrochloric acid was chosen to give maximum solubility of
the magnesium and calcium salts. Nitric acid might have been
used, but it was thought best to avoid the possibility of reactions
between thiocyanate and nitric acid (16). Hydrogen peroxide
is used to oxidize the iron, and the excess removed by boiling.
Although the presence of small amounts of this oxidant is known
to improve stability of the ferric-thiocyanate complex (11), it
was thought better for control work to remove all excess peroxide.

Possible interferences from magnesium, aluminum, zinc, man
ganese, copper, and calcium were investigated, and found to be
insignificant for the quantities involved (Table· II). Possibility
of loss of ferric chloride in boiling was also studied, and found to
be negligible, provided the solution is not allowed to evaporate to
crystallization.

Variations in thiocyanate concentration affected both the
slope of the working curve and the magnitude of its intercept on
the density axis (Figure 1). This was out of proportion with the

80 /00

I'f/C~O"Rd/'TS //.lON /N $(1 H'£.

Figure 1. Effect of Thiocyanate Concentration

Table II. DeterIllination of Iron with Thiocyanate
Fe Taken Other Ions Present Fe Found']

Micrograms }r[g. lVlicrogram8

10 850 Mg, 100 AI, 30 Zn, 20 Mn 11 . 5
20 850 Mg, 100 AI, 30 Zn, 20 Mn 20.0
30 850 Mg, 100 AI, 30 Zn, 20 Mn 29 '05
40 850 Mg, 100 AI, 30 Zn, 20 Mn 41.0
20 0.1 Cu 19.5
20 1000 Ca 21.0
40 1000 Ca 41. 5
60 1000 Ca 60.5
20 (Ferrous salt, oxidized with H20" boiled) 20.0
20 (Ferric salt, not boiled) 20.0
30 (Boiled dry, redissolved in water) 5.0
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apparent blank correction due to iron in the reagents, thus sug
gel?ting appreciable light absorption by the thiocyanate itself.

Procedure. SPECIAL REAGENTS. Hydrogen peroxide, 15%,
prepared by diluting 30% reagent grade.

Potassium .01' ammonium thiocyanate, 1 N, standardized and
checked frequently. Solutions used should be within 3% of
theoretical concentration (6).

PURE MAGNESIUM AND ITS ALLOYS. Weigh 5 grams of coarse
turnings into a 40Q-ml. beaker, cover with 50 ml. of water, and
dissolve by the careful addition of 40 ml. hydrochloric acid
(specific gravity L.18). Warm gently, if necessary, to complete
solution. Cool, transfer to a 100-ml. volumetric flask, and dilute
to the mark. Aliquots of this sample solution may be used for the
determination of nickel and copper as well as iron.

Pipet 20 ml. (equivalent to I-gram sample) into a 150-ml.
beaker, and dilute to about 30 ml. Prepare a blank, containing 8
ml. of hydrochloric acid, and dilute to about 30 ml. Add 1 ml. of
hydrogen peroxide, and boil 5 to 10 minutes, keeping volume from
going below about 15 ml. Cool, transfer to a 50-ml. volumetric
flask, add 10 ml. of thiocyanate solution, and dilute to the mark.

Determine optical density as soon as possible, in a 4-cm. ab
sorption cell, using blue-green light at 480 mil.

PURE CALCIUM. Place 50 ml. of water in a 400-ml. beaker.
Carefully add 5 grams of coarse turnings, and more water if the
reaction becomes too vigorous. When the reaction is complete,
a<1d 25 ml. of hydrochloric acid (specific gravity 1.18), mix well,
and warm gently to dissolve. Cool, transfer to a 100-mi. volu
metric flask, and dilute to the mark. Continue as with -mag
nesium, except that the blank should contain only 5 ml. of hydro
chloric acid.

CALIBRATION. Measure into 150-ml. beakers quantities of
standard iron solution containing 0, 10, 20 .... up to 100 micro
grams of iron (0 to 100 p.p.m. on a I-gram sample). Dilute to
about 30 mI., and add 1 ml. of hydrochloric aci(l and 1 ml. of
hydrogen peroxide. Boil, and continue as with magnesium. Plot
optical densities against micrograms of iron. The resulting curve
will in general not pass through the origin. An offset curve is
then drawn through the origin. The same curve is used for both
magnesium and calcium samples.

14
24
33
24
23
20
39

Io z ., 4

TIH£- ,."NVTr.s

Figu re 2. Variation of Nickelic-DimethylglyoxiIne Color
with Time

and a lesser minimum at about 543 mil (8). The latter wave
length is generally used, because of possible iron interference in
the blue. For higher sensitivity, the blue wave length is pref
erable and iron interference has been shown to be negligible,
in co~centrations likely to be found in high-purity magnesium
and calcium (Table III). Copper interference was also found
to be insignificant.

Color Development and Stability. A time study was made to
determine the optin;mm wave length for color stability (Figure 2).
In the range 440 to 465 mil, maximum absorption appears to be
at 450 mil, but stability is apparently attained more rapidly at
445 mil. . The best· combination of stability and sensitivity is
attained by reading at the latter wave length, between 2 and 5
minutes after mixing.

Application to Calcium. In attempting to apply this procedure
to calcium, a precipitate of calcium citrate was obtained on
duplicating the conditions used for magnesium. This was over
come by reducing the citrate concentration~ This results in
diminished buffer action, so less ammonia may be used. Under
these conditions, the precipitation of calcium citrate is retarded
sufficiently to allow photometric readings in a clear solution.
The working curve produced by these conditions coincides with
that drawn up under the conditions used with magnesium.

~~------
so ~::::=::::===========

o 4 40 !'ILL
® 44Sty,ioL
lID ..,SOH#
@ 4S.S~

@ 400"'#
@l 4~S;op.L

Ni Found
;.Ificrograms

Colorimetric Determination of Nickel with
Dhnethylglyoxhne

(Readings taken at 445 m,,)
Other Ions Present

Mg.

850 Mg, 100 AI, 30 Zn, 20 Mn
850 Mg, 100 AI, 30 Zn, 20 Mn
850 Mg, 100 AI, 30 Zn, 20 Mn
850 Mg, 100 AI, 30 Zn, 20 Mn, 0.1 Cu
850 Mg, 100 AI, 30 Zn, 20 Mn, 0.1 Fe
1000 Ca (modified procedure)
1000 Ca (modified procedure)

Ni Taken
ll-ficrograms

13
23
33
23
23
20
40

Tahle HI.

DETER,MINATION 01" NICKEL

Dimethylglyoxime and related dioximes are the favorite
colorimetric reagents for nickel (5).

In the A.S.T.M. method (2), the a-furil dioxime complex is
extracted with o-diehlorobenzene, but control of the amount of
tartaric acid used is critical, and copper must first be removed.
Passamaneck (9) precipitates nickel with dimethylglyoxime, and
dissolves the precipitate in pyridine, to give a yellow color.
This method was tried, but the separation of a few micrograms of
nickel from a gram of magnesium or calcium was found to be slow
and sometimes incomplete. Sandell and Perlich (18) extract
nickel dimethylglyoxime with chloroform, and determine the
separated nickel as the tetravalent color complex with dimethyl
glyoxime (1.4-). In this work the latter method is applied, with
out preliminary separation.

Comparatively high eoncentration of citrate is required to
prevent precipitation of the large amounts of aluminum present
in some magnesium alloys. The buffering effect of ammonium
citrate necessitates the use of additional ammonia to attain th"
optimum pH for the color reaction.

The spectral transmission curve of nickelic dimethylglyoxime
shows a minimum at about 445 mil, with an isobestic point nearby

Procedure. SPECIAL REAGENTS. Ammonium citrate, dibasic,
250 grams per liter. Dimethylglyoxime, 1 gram in 100 ml. of
ethanol.

PURE MAGNESIUM AND ITS ALLOYS. Pipet 20 ml. of the
chloride solution prepared for iron determination (equivalent to
I-gram sample) into a 50-ml. volumetric flask. Prepare a blank
by evaporating 8 ml. of hydrochloric acid (specific gravity 1.18)
down to about 1 mI., transferring to a 50-ml. volumetric flask,
and diluting to 20 ml. Add 20 ml. of citrate solution, then
bromine water, dropwise, until solution is just yellow. Add 5 ml.
of ammonium hydroxide (specific gravity 0.90), then 1 ml. of
dimethylglyoxime solution, and dilute to the mark.

Determine optical density, between 2 and 5 minutes after
addition of the dimethylglyoxime, in a 4-cm. absorption cell,
using blue light at 445 mil.

PURE CALCIUM. 'Proceed as with magnesium, but use only 5
m!. of hydrochloric acid in preparing the blank, and only 2 ml. of
citrate solution. Dilute to about 40 ml. after adding the bromine,
then just enough ammonium hydroxide to destroy the bromine
color, plus 1 ml. excess.

CALIBRATION. Measure into 50-ml. volumetric flasks quanti~
ties of standard nickel solution containing 0, 10, 20 .... up to 60
micrograms of nickel (0 to 60 p.p.m. on a .I-gram sample).
Dilute to about 20 ml., and add 1 ml. of hydrochloric acid (specific
gravity 1.18). Add citrate, and continue as with pure magnesium.

Plot optical densities against micrograms of nickel. The re
sulting curve will in general not pass through the origin. An off
set curve through the origin is then drawn.



VOL U M E 2 0, N O~ 7, J U L Y 1 9 4 8 633

DETERMINATION OF COPPER

Of the many reagents available for colorimetric copper deter
mination, dithizone and sodium diethyldithiocarbamate appear
to be favorites (15). Both were tried with magnesium and cal
cium, but greater specificity and simplicity of application favored
the latter. The hydrobromic acid method (22) was also tried
but found to be insufficiently sensitive.

Haywood and Wood (6) have applied the carbamate method
in aqueous solution to magnesium alloys, gum acacia being added
as the protective colloid. The range of copper contents covered
(0.0 to 0.1 %) is considerably higher than that considered in this
investigation. Nevertheless, satisfactory results were obtained
by this method down to less than 10 p.p.m. of copper in pure
magnesium, with only a change in sample concentration. 'When
this was applied to alloys, a turbidity appeared, apparently due
to the action of zinc. Wh{)fi ammonia was added in an attempt
to eliminate this interference (10), magnesium hydroxide pre
cipitated. Sandell's extraction procedur~ with carbon tetra
chloride (15) was then attempted, and satisfactory results were
obtained.

Interferences. 'Magnesium, aluminum, zinc, manganese, and
iron gave no interference, whcn increased amounts of citrate and
ammonia were used as in the method for nickel in magnesium
(see Table IV). Nickel does interfere, 10 parts of nickel being
roughly equivalent to 1 of copper, thus allowing the use of a
simple correction. When the procedure is applied to calcium
samples, the quantities of citrate and ammonia used must be
reduced (as with the nickel method), to retard the precipitation
of calcium citrate. Under these conditions, some samples pro
duce a pinkish extract, apparently due to manganese (15).
This has little effect on the absorption in violet light (Table IV).
Although the manganese content of magnesium alloys is much
higher than that of pure calcium, the large amount of citrate
used in former case tends to prevent manganese interference (10).

Effect of Citrate on Copper Color. From the foregoing, it fol
lows that the citrate ion acts both as complexing agent and as a
buffer. A further function of the citrate ion is evident on plotting
working curves with varying amounts of citrate and ammonia
(Figure 3). These suggest that the citrate ion plays a major
part in the copper-carbamate reaction, conformity to Beer's
law being affected by the citrate concentration. The difference
between the straight-line portions of the two curves may be due,
in part, to copper in the citrate. However, when parallel curves
are drawn through the origin, it is clear that the two curves
coincide up to about 25 micrograms of copper in 10 m!. of carbon
tetrachloride.

In the procedures which follow, bromine is added to ensure
that all the copper is in the divalent state. The procedures are
then identical with th:>se for nickel, up to the point whet'e the
eolor reagent is added.

Procedure. SPECIAL REAGESTS. Ammonium citrate, the same
solution' as used for the nickel method. Sodium diethyldithiocar
bamate, 1 gram in 100 m!. of water.

PURE MAGNESIUM AND ITS ALLOYS. Pipet 20 m!. of the
chloride solution prepared for it'on determination (equivalent to

'-i FOR c,q~c/u,.,
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/HL NN4 QN £XC£SS

DETERMINATION OF SILICON

Colorimetric methods for this element are generally based on
t,he reaction between soluble silicic acid and molybdate ion to
form a yellow heteropoly acid (1, 22). Although this color can
be estimated photometrically to give a measure of the silicon
concentration, greater sensitivity may be attained by reducing
the molybdenum in the' complex to molybdenum blue (4. 6).

H/C./loqR"'I"IS COPP£R /N /OHL.CCl..

Figul'e 3. Effect of Annnnniun. C:itt'alc on C"PI,el'
Colt,.·

I-gram sample) into a 100-m!. separatory funne!. Prepare a
blank by evaporating 8 m!. of hydrochloric acid (specific gravity
1.18) down to about 1 m!., transferring to a 100-m!. separatory
funnel, and diluting to 20m!. Add 20 m!. Of citrate solution, then
bromine water, dropwise, until solution is just yellow. Add 5 m!.
of ammonium hydroxide (specific gravity 0.90), then 1 ml. of
carbamate reagent, and exactly 10 ml. of carbon tetrachloride.
Shake vigorously for about 2 minutes, and allow layers to
separate.

Draw off enough of the carbon tetrachloride layer to give a
reading in a 1.0- or 1.3-cm. absorption cell, passing the extract
through a dry, coarse filter paper. Determine optical density at
435 m,.,. Apply a correction for nickel, subtracting one tenth the
nickel content from the apparent copper content.

PURE CALCIUM. Proceed as with magnesium, but apply the
same modifications regarding citrate and ammonia additions, and
dilution, as applied in determining nickel in calcium.

CALIBRATION. Measure into 100-m!. separatory funnels quan
tities of standard copper solution containing 0, 10,20 .... up to 60
micrograms of copper (0 to 60 p.p.m. on a I-gram sample).
Dilute to about 20 ml., and add 1 m!. of hydrochloric acid (specific
gravity 1.18). Add citrate, and continue as with pure mag
nesium. Repeat the entire procedure, using the quantities of
citrate and ammonia used with calcium.

Plot optical densities against micrograms of copper for both
sets of data. The resulting curves will be of the form indicated
in Figure 3. Draw a straight line through the origin parallel to
the straight portions of the two curves. These should coincide up
to about 25 micrograms of copper. The final working curve for
magnesium samples is this straight line extended to about 60
micrograms of copper. For calcium samples, the curved portion
of the final graph is offset from the preliminary curve by a con
stant amount parallel to the concentration axis.

The method then resolves itself into three steps: solution of the
sample in such manner that. all the silicon is converted to soluble
silicic acid; adjustment of acidity to the point where the silico
molybdate complex will form; and reduction, under such condi
tions that only that portion of the molybdenum in the complex
is affected. In inyestigating the first step, alloys of known silicon
content wei'e used' instead of standard silicon solution. These
,,-ere either spectrographic standards (3) or samples standardized
spectrographically against those standards.

Conditions. for Magnesium. In Stenger's procedure (22),
magnesium alloys are dissolved in sulfuric acid, the reaction ves
sel being kept cool to prevent loss of silicon hydride. Boric acid
is also added, probably to prevent loss of silicon due to fluorides
(20). \Yith alloys of high purit.'" boric fleicl does not appeal' to

11
41
33
11. 5

.21
20
11
48
29
10.5
40
21

Cn Found
lJiCTograms

1000 Mg
1000 Mg
1000 Mg, 100 .-\.I
1000 Mg, 30 Zn
1000 Mg, 25 Mn
1000 Mg, 100 AI, 30 Zn, 25 Mn
1000 Mg. 0.1 Ni
1000 Mg. 0.1 Ni
1000 Mg, 0.1 Fe
1000 Ca (modified procedure)
1000 Ca
1000 Ca, 0.1 lVIn

Table IV. Determination of Copper
(Readings at 435 m,,)

Other ions Present
Mg.

10
40
31
11
21
21
o

40
30
10
40
20

Cn Taken
i\'1iCTograms



be necessary (Table V). However, poor recoveries of silicon
resulted when the solutions were allowed to heat up in the process
of dissolving the sample, presumably .due to loss of hydride.
High-purity alloys, containing less than 100 p.p.m. of silicon,
were found to leave no insoluble residue, thus eliminating the
necessity of fusion with sodium carbonate (22).

J;!:ffect of Acidity. The reaction between silicic acid and molyb
date ion appears to work best at an acid concentration of ap
proximat.ely 0.1 N (1). The color failed t.o develop when attempts
were made at much higher acidities, while the use of less acid led
to incomplete solution of the sample.

Reduction Conditions. Sodium sulfite has been used as re
ducing agent in the production of molybdenum blue from silica
molybdic acid (.4), but its use requires precise pH control. If
stannous chloride is used, the solution must be made strongly
acid after the silicomolybdate yellow color has fully developed;
otherwise, a deep blue solution results, probably due to conversion
of some of t.he excess molybdate to molybdenum blue. In the
strongly acid solution, the resulting blue density is proportional
to silicon concentration.

Application to Calcium. Attempts were made to apply this
method to calcium, but results were widely erratic. (Hydro
chloric acid was substituted for sulfuric, to prevent precipitation
of calcium sulfate.) The loss of hydrides in the vigorous reaction
of dissolving calcium in water was apparently responsible.
Attempts to slow down t.he reaction by cooling gave no better
results. The use of an alkaline solution was found to be neces
sary to assure quantitative conversion of silicon to soluble sili
cates. This led to silica contamination from the glassware,
both with Pyrex and with Corning alkali-resisting glass, neces
sitating the use of platinum. Once the sample was dissolved,
conditions of the procedure for magnesium were essentially du
plicated, except that hydrochloric replaced sulfuric acid.

Procedure. SPECIAL REAGENTS. Sodium hydroxide, 1 N,
stored in a hard rubber or wax-lined bottle. Hydrochloric acid,
1 N. Sulfuric acid, 1 to 4, freshly prepared. Ammonium molyb
date, SO grams per liter, filtered.

Stannous chloride, 1%. Dissolve 1 gram in 2 inl. of hydrochlo
ric acid (specific gravity LIS) and dilute to 100 ml. Prepare fresh
every 2 or 3 days.

PURE MAGNEJSIUM AND ALLOYS. Weigh 2 grams of coarse
turnings into a 400-ml. beaker, cover with 100 ml. of water, and
tilt the beaker to allow the sample to slide to one side. Place in a
cold water bath, and dissolve by the slow addition of 27.5 ml. of
sulfuric acid (1 to 4) to the side of the beaker away from the
sample. The rate of addition should be sufficiently rapid to keep a
slow, stead}' reaction going, without overheating. When the
reaction subsides after all the acid has been added, warm gently
to complete solution. Cool, transfer to a 200-ml. volumetric
flask, and dilute to the mark. Pipet 50 ml. (equivalent to 0.5
gram sample) into a 100-ml. volumetric flask. Prepare a blank,
containing 1 ml. of sulfuric acid (1 to 4), dil\lted to 50 mI., in
another 100-ml. flask. Add 5 ml. of molybdate solution, and
allow to stand. 10 to 15 minutes. Add 10 ml. of sulfuric acid (1 to
4), and allow to stand 2 or 3 minutes. Add 2 ml. of stannous
chloride solution, dilute to the mark, and allow to stand 10 to 15 .
minutes.

Determine optical density in a 4-cm. absorption cell, using red
light at 650 m).'.

PURE CALCIUM. Using a plastic pipet, place 5 ml. of 1 N
sodium hydroxide in a 75-ml. platinum crucible, and dilute to 25
ml. Add 0.5 gram of coarse turnings, and heat to boilin/!. stirring

Table V. DeterITlination of Silicon
Other 10l\s Present Conditions

Mg.
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8i Present
.A-licrograms

20
30

20
30

26
26
10
20
40

1000 Mg
350 Mg, 100 AI, 30 Zn,

20 Mn
1000 Mg
850 Mg, 100 AI, 30 Zn,

20 Mn
1000 Mg
1000 Mg
1000 Ca
1000 Ca
1000 Ca

With boric acid
With boric acid

Without boric acid
Without boric acid

Dissolved cool
Dissolved hot
NaOH-HCI procedure
NaOH-HCI procedure
NaOH-HCl procedure

8i Found
Micrograms

20
29

20
32

26
16
9

21
38
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with a platinum or hard-rubber rod to assist solution. When
reaction is complete,. carefully add 5 m!. of hydrochloric acid (1
to 1), with continuousstirring. Remove.fromheat, and adjust with
1 N hydrochloric acid and 1 N sodium hydroxide, until just acid
to litmus, then add 5 ml. of 1 N hydrochloric acid excess. Prepare
a blank, containing the same quantity of sodium hydroxide in
another platinum crucible. Adjust acidity as with the sample,
using only 1 N acid and alkali. Cool and transfer to 100-ml.
volumetric flasks. Add 5 m!. of molybdate solution, and allow
to stand 10 to 15 minutes. Add 10 ml. of hydrochloric acid
(specific gravity. LIS), and allow to stand 2 or 3 minutes. Add Z
ml. of stannous chloride solution, dilute to the mark, and allow to
stand 10 to 15 minutes.

Determine optical density in a 4-cm. absorption cell, using red
light at 650 m).'. .

CALIBRATION. Measure into 100-ml. volumetric flasks quan
tities of standard silicon solution containing 0, 5, 10 ... up to 50
micrograms of silicon (0 to 100 p.p.m. on a 0.5-gram sample).
Add 1 ml. of sulfuric acid (1 to 4) and dilute to 50 ml. Continue
as with magnesium.

Plot optical densities against micrograms of silicon. The re
sulting curve will, in general, not pass through the origin. An
offset curve is then drawn throJIgh the origin. If hydrochloric
acid is used instead of sulfuric acid, and the calcium procedure is
followed, the resulting curve through the origin will coincide.

SUMMARY

Sensitive photometric methods have been applied for the
determination of microgram quantities of manganese, iron, nickel,
copper, and silicon in high-purity magnesium, magnesium alloys,
and calcium. Effects of interferences from other elements likely
to be present have been studied. The methods have been used
on a routine basis for the past year, with satisfactory results.
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Preparation of Organolithium Reagents
T. D. PERRINE AND HENRY RAPOPORTl

Division of Physiology, National Institute of Health, Bethesda, Md.

An inlproved procedure for the preparation of nlethyl., ethyl-, isopropyl-, n
anlyl-, and phenyllithiuIll is presented. Advantages of the procedure are d,ue
chiefly to the uo;;e of lithiuIll sand and an apparatus of special design which allows
all operations to be carried out in an inert atnlosphere of 98% heliunl. The
general assenlbly and details of construction of the apparatus are shown.

SINCE the observation by Ziegler and Colonius (10) that
organolithium reagents could be prepared directly from the

organo halide and lithium, and the many refinements and ex
tensions of this method of preparation by Gilman et al. (6-8),
these reagents have become much more available and useful to the
organic chemist. However, for synthetic work, their preparation
on a larger scale than that given by the above authors is usually
desirable.

The apparatus and methods given in the literature (1, 2, 6),
when applied on a 0.5- to 1.0-mole basis, were tedious and in some
cases unsatisfactory. Hence, a modified method was developed,
using the apparatus and procedure given below, which uni
formly gave good yields of organolithium reagents, in some cases
better than those previously reported (7, 8).

product by filtration through the stirrer shaft, described below,
prevented losses from exposure of the very reactive organolithium
reagent to the air.

Helium (98%), rather than nitrogen, was used as the inert
atmosphere for the reaction in order to prevent nitride formation
with the finely divided lithium (6). Because of its low price,
helium makes an economical inert atmosphere for this type of
work.

As shown in Table I, highly successful results were obtained in
the preparation of methyl-, ethyl-, isopropyl-, n-amyl-, and
phenyllithium. However, when the same method was applied to
the preparation of benzyllithium from benzyl chloride in ether, it
failed to give any organolithium reagent. As observed by
Ziegler and Dersch (11), the products were bibenzyl plus' a small
amount of unreacted benzyl chloride.

Yields of Organolithiunl Reagents
Solvent Yield RLi, %

Et,O 95
Petroleum ether 92
Pet-roleu m ether 88
Petroleum ether 90
Et,O 98

Table I.
RX Compound

CH,Ia
C2H,Brb
Iso-C,H,CI c
n-C.HllCld
C.H.Brb

R ~ alkyl or aryl radical.
a Merck, purified by treating with Hg.
b Merck, reagent, redistilled.
c Eastman, pure, used directly.
d Paragon, pure, purified by washing ,\lith concentrated sulfuric acid,

drying over calcium chloride, and fractionating. The fraction boiling be
tween 105 0 and 107 0 was used.

Calculation of the yield of organolithium reagent was based on
simple, acid titration of an aliquot after decomposition with
water. Although this method is known to give high results in
s:>me cases (5) due to the cleaving action of certain organolithium
compounds on ether, the error is negligible with methyl- and
phenyllithium because of their comparative stability in ether
(7,8). These were the only two reagents prepared in ether. The
others were prepared in petroleum ether where high results from
acid titration are not encountered.

:::;;
:::l
...J
W
I

RECEIVER

~ H2 S04
• WASH

BOTTLE

Figure 1. Assenlbly of Apparatus

The advantages of this method are due chiefly to the use of
lithium sand (3, 4, 9) and a simple filtration device which allows
all operations to be conducted in an inert atmosphere. Because
coating of the lithium in large-scale runs became pronounced and
in some cases had a deleterious effect, it was found advantageous
to use finely divided lithium. The methods for comminuting
lithium ordinarily used-i.e., cutting into small pieces (8) or
rasping (6, 7)-proved impractical with the lo-gram (or more)
portions of lithium used. Lithium sand, however, prepared by
melting lithium in liquid petrolatum and cooling with stirring,
was very satisfactory. The method of collecting the reaction

1 Present address, Department of Chemistry, University of California,
Berkeley, Calif.

APPARATUS

The general assembly of the apparatus is pictured in Figur:e 1.

It is essentially a hollow-shaft stirrer carrying a sintered-glass
filter at the bottom with a chamber sealed about the upper part
of the stirrer shaft, so that gas or liquid may be introduced or
withdrawn from the shaft. The stopcocks are so arranged that
the helium may bubble through the solution or exert a pressure
on its surface. Inasmuch as a pressure of several pounds of helium
is used, it is necessary to clamp all parts securely. During the
preparation of the organolithium compound, stopcocks Y and Z
remain in the position shown, thus causing the helium to bubble
through the solution. To effect filtration, Y and Z are reversed
and the helium pressure forces the solution through the stirrer
shaft and into the receiver. All solutions are introduced into the
dropping funnel by removing stopper C. When receivers are
changed, pinchclamps A and B are closed, and any type of re
ceiver may be used in place of the filter flask by merely providing
the necessary inlet and outlet connections.
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ACKNOWLEDGMENTFigure 3. Seal

LITERATURE ClTED

(1) Adams, R., Wolff, H., Cain, C. K., and Clark, J. H., J. Am.
Chem. Soc., 62, 1772 (1940).

(2) Anker, R. M., and Cook, A. H., J. Chem. Soc., 1941,323.
(3) Bartlett,P. D., Swain, C. G., and Woodward, R. B., J. Am.

Chem. Soc., 63, 3229 (1941).
(4) Friedlander" Paul, Fo-rtschr. Teerf(,-rben Fab-rikation, 17 125

(1930r
(5) Gilman, H., and Haubein, A. H., J. Am. Chem. Soc., 66, 1515

(1944) .
(6) Gilman, H., Langham. W., and "'foore, F. ·W., Ibid., 62, 2327

(1940). •
(7) Gilman, H., Moore, F. W., and Baine, 0., Ibid., 63, 2479 (1941),
(8) Gilman, H:, Zoellner, E. A., and Selby, W. M., Ibid., 55, 1252

(1933) .
(9) Ziegler,K.,German Patent 512,882 (1930).

(10) Ziegler, K.,and Colonins, H., Ann., 479,135 (1930).
(ll) Ziegler, K.; 'md Dersch, F., Be-r., 64B, 448 (1931).

preparation. Liquid petrolatum (200 ml.), previously heated to
250 0 with lithium, and 10.4 grams (1.5 grams atoms) of clean
lithium were then added to the three-necked flask and heated
until the lithium was melted, after which the solution was allowed
to cool to room temperature with rapid stirring. The liquid
,petrolatum was then filtered from the p.nely divided lithium by
reversing the flow of helium and was collected in a 500-ml. filter
flask for re-use in subsequent preparations. Occasional plugging
of the sintered-glass filter was relieved by reversing the helium
flow to backwash the filter. The lithium was washed with 100 m!'
of the solvent to be used in the preparation (either absolute ethel'
or dry, unsaturate-free Skellysolve A, boiling point 28 0 to 38 0 C.)
which was also removed by filtration and collected in a 500-m!.
filter flask.

To the washed, finely divided lithium were now added 50 m!' of
solvent and, with rapid stirring, several milliliters of the alkyl (or
aryl) halide in order to initiate the reaction. The remainder of
the 0.5 mole, of halide, dissolved in 300 ml. of solvent, was added
over the course of 1.5 hours, and the dropping funnel was rinsed
with 50 m!' of solvent after the addition was completed. Stirring
was continued another hour and, by reversing the helium flow,
the reaction mixture was then filtered from excess'lithium and
lithium halide and collected in' a narrow-mouthed 500-m!.
graduated cylinder which served as receiver in place of the filter
flask. The residue was stirred with 100 ml. of fresh solvent which
also was filtered into the receiver, bringing the total volume of
filtrate to about 500 ml.

After thorough mixing, the solution was allowed to stand for
several hours in the tightly stoppered receiver to permit the in
soluble material that passed through the filter to settle. To de
termine the yield' of organolithium reagent, two 5-ml. portions
were removed and decomposed with water, and the lithium
hydroxide formed (equivalent to the organolithium compound

present) was titrated with standard
hydrochloric acid. In most cases, the
organolithium reagent solution was
slightly less than 1 N. The yields are
given in Table 1.

The procedure had to be modified
slightly in the case of ethyllithium
because of its limited solubility in
petroleum ether. One half the quan
tities of lithium and ethyl bromide
were used, 300 ml. of petroleum ether
were added before the reaction mix
ture was filtered, and both the petro
leum ether reaction mixture and wash
portion were filtered hot. This re
sulted in a solution that was 0.29 N
at room temperature (27 0 C.). On
cooling, it deposited crystals of ethyl
lithium which burst into a vivid violet
flame when exposed to the air.
Phenyllithium was prepared with 2.8
grams of lithium, 15.7 grams of
phenyl bromide, and 60 ml. of ethyl
ether.

H-----

Figure 2. DiagraIll of Apparatus

,-t. Helium tube
B. Filtrate outlet tube
C. Stirrer shaft
D. 2 holes. lh6 inch diameter

E, /<'. Nice No. 402-2 ball bearings 1/. X
u/H inch

G, H. Graphite-lead-asbestos packing
J. Ace filter tube 8610, 25-mm, diameter

and porosity A (Ace Glass Co.,
Vineland, N. J.)

K. Hirschberg type stirrer of 18-gage
Chromel wire

L. Bailie

The ,first apparatus designed is illustrated in Figure 2. The
details of construction are'obvious and require no special com
ment.

PROCEDURE

The apparatus (Figure 1) was swept out with a stream of
helium which was continued at a moderate rate throughout the

Stainless steel was used except for the ball bearings, which are
of high-chrome carburized steel, and the stirrer shaft, which is
brass. The packing nuts are also bushed with brass. The
packing is a lead-asbestos-graphite type. Ball bearings are
essential under the conditions of unfavorable lubrication en
countered. It is necessary to disassemble the apparatus after use
to clean and lubricate the ball bearings. The weight of the unit
is sufficient to hold it tight in the standard-taper joint against 0.1
atmosphere pressure differential. The modification of the glass
filter tube (J, Figure 2) by sealing on a male 10/30 joint and two
glass loops requires no special comment.

The use of packing is always somewhat objectionable. The
apparatus was later modified and a lower seal of the type illus
trated in Figure 3 was used. Although this is more difficult to
construct, it constituted a considerable improvement. The ex
posed ball bearin'g is also much easier to clean.

The authors constructed an all-glass apparatus in which the
sealing action was effected by very small clearance between the
stirrer shaft and its bearing. This method was satisfactory for a
few runs, but, bec;ause oflack of lubrication, the wear was very
rapid and excessive lea~age soon developed. Rubber seals are
rapidly destroyed by solvent action.



Determination of Carotene in Alfalfa and Cereal Grasses
H. L. MITCHELL AND H. H. KING, Kansas. Agricultural Experiment Station, lVlanhattan, Kan.

'The photochelllical destruction of carotene in the presence of chlorophyll was
negligible during carotene analyses under norlllal conditions of laboratory il
lUlllination. Destruction was appreciable, however, when the samples were
placed directly in sunlight or left unprotected for several hours on the laboratory
table. A method of carotene analysis is proposed which eliminates the present
laborious extraction procedure for removing carotene from fresh plant tissue.
It involves the inactivation of carotene-destroying enzyllles by blanching or
autoclaving, drying at low temperatures, and the use of a simplified procedure
for ,extraction of carotene froID, the dried material. Th~ advantages.and dis
advantages of the method are discussed.

Table I. Effect of Sunlight On Determination of Carotene
in Fresh and Dehydrated Alfalfa

Table II. Effect of Intensity and Type of Light on De
struction of Carotene in Extracts of nehydrated Alfalfa

Meal

DESTRUCTION OF CAROTENE BY LIGHT

Five-gram samples of blanched (1 minute with steam) and
unblanched fresh alfalfa leaves were analyzed by the method of
Wall and Kelley (5), except that they were not minced prior to
comminution. The blanched samples were included in the ex
periment because of the report by Pepkowitz that carotene
destruction is greater in extracts of cooked than raw vegetables.
Part of the samples were comminuted in a ·Waring B16ndor and
extracted near the windows of the laboratory on a clear day.
Although the samples were not placed directly in the rays of the
sun, the laboratory table was brightly illuminated. During 2
hours between blending and chromatographing the samples were
not protected from light. The remainder of the samples were
held in a refrigerator until night, when they were comminuted

PEPKOVVITZ (3) has shown that sunlight may cause con
siderable destruction of carotene in solutions that also

contain chlorophyll. He reported that extracts of cooked vege
tables lost more carotene than did extracts of raw vegetables
when exposed to sunlight. ·His experiments, however, were not
designed to show the amount of carotene that will be destroyed
during actual carotene analyses. It is desirable that the extent
of this loss be known, so that the need for preventive measures
may be considered.

This paper evaluates the photochemical destruction of carotene
that occurs during actual carotene determinations in both fresh
and dried plant tissue. It is also concerned with a procedure
for eliminating the use of the Waring Blendor and for reducing
sampling error in the determination of carotene in fresh plant
tissue.

and analyzed; the only light source was a 25-watt Mazda lamp
equipped with a Wratten Series 0 photographic darkroom filter.
As a further precaution, extractions were made in amber glass
separatory funnels. The results of the experiment are presented
in Table!.

The effect of sunlight on the determination of carotene in de
hydrated alfalfa meal by the simplified procedure of Silker,
Schrenk, and King (..0 was also studied because the length of
exposure to sunlight is much shorter than with other methods.

Sixty milliliters of a 33% solution of acetone in Skellysolve
B were added to I-gram samples of meal. After standing in the
dark overnight, the samples were filtered and washed with
Skellysolve B on a Buchner funnel. The filtrates were trans
ferred to beakers and concentrated on a steam plate in a hood to
about 40 ml. The solutions were then chromatographed on a
1 to 2 mixture of magnesia (Micron brand No. 2641) and Super
cel. The carotene was eluted from the adsorbent with a 4%
solution of acetone in Skellysolve B.. Carotene concentration
was measured at 4360 A. with a Beckman spectrophotometer.
The unprotected samples analyzed by this method were exposed
to light for about 45 minutes, during the filtration and evapora
tion procedures, The samples which were protected from light
were analyzed at night, using the darkroom filter described above.

The results of this experiment also appear in Table I.
Using the method of Silker, Schrenk, and King with alfalfa

meal samples, the effect of quality and intensity of radiation on
the photochemical destruction of carotene was studied. The
extracts after filtration were transferred to 600-mL clear Pyrex
beakers and exposed to various types of radiation, as shown in
Table II. After exposure, the extracts were concentrated and
chromatographed without further protection from light, as the
data of Table I indicate that little destruction occurs during the
latter steps.

It is apparent from Table I that, under normal conditions of
illumination in the laboratory, the destruction of carotene by sun
light was negligible during analysis. Table II, however, shows
that photochemical destruction was appreciable when extracts
were placed directly in the rays of the sun or .left unprotected
for several hours on the laboratory table. Ultraviolet light caused
no destruction during a' 30-minute exposure. Light from a
Mazda lamp was not detrimentaL Thus, it appears that pre
cautions need to be taken to prevent photochemical destruction
only if sunshine falls directly upon the· samples.

The carotene value fora' blanched sample (Table I) was some
what higher than the value for the corresponding unblanched
sample. This confirms the data of Zscheile and Whitmore (6),
who found that carotene was more easily and more thoroughly
extracted from blanched than from unblanched alfalfa leaves.

ESTIMATION OF CAROTENE OF FRESH PLANT TISSUE

One of the most Widely used methods of extracting carotene
from fresh plant tissue is that of :vroore and Ely'(2), which con-

3.1

2.6

6.5

Loss
during

Exposure
%
o
4.6

12.4
31.5
o
1.2

Destruction
%

Carotene
"Y/u. dry wi.

283
270
248
194
286
279

Carotene
"Y/u. dry wi.

848
793
877
850
265
258

o
2
3
0.25
0.5
1

Exposure
Tinlcu

Hours

a Does not include exposure during concentration of solutions.

Unblanched leaves, dark
Unblanched leaves. sunlight
Blanched leaves, dark
Blanched leaves, sunlight
Dehydrated meal, dark
Dehydrated meal, sunlight

Trcatluent

Treatnlcnt

Normallab. illumination (day)

Direct sunlight
Ultraviolet lamp (1 foot)
100-watt mazda lamp (3 feet)
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Table IV. DeterDlination of Carotene in Fresh Plant
Tissue

9

12

400

382

396
397
400
405

376
379
383
383
384
388

81

110

404

421

Oat grass

371
378
414
452

Table V. Precision of Moore-Ely Extraction Procedure
, and Proposed Method

Moore-Ely 'Extraction Proposed Method
Individual Maximum Individual Maximum

analysis Avo variation analysis Avo variation
'flu. 'flu. 'flu. 'flu.

dry wt. dry wt. 'f dry wI- dry wt. 'f

Alfalfa

360
360
433
446
457
470
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drying. In conjunction with the experiment reported in Table
.III, an unblanched sample was also dried at 65 0 C. for 4 hours.
Carotene destruction in this case amounted to 31.5%, compared
to 6.4% for the blanched sample.

'The carotene .content of a variety of fresh plant materials was
determined by both the proposed method and' the Moore-Ely ex
traction procedure. Values are presented in Table IV for com
parative purposes:

The chief disadvantage of the proposed method is the length
of time required to complete the analysis. Because of the 4
hour drying period and the necessity of allowing the sample to
stand overnight in contact with the extracting solution, the
determination cannot be completed in one day. However, during
much of this time the analyst is free to carryon other work, so
that the actual amount of time devoted to the determination is
comparable with that for other methods-it is estimated that
about 80 minutes of actual working time are required to make a
single determination by the proposed method, while about 90
minutes are needed by the Wall and Kelley procedure.

The method will be of especial value to those who have a large
number of fresh samples requiring attention at a given time and a
limited amount of technical help to care for them. After blanch
ing and drying,' the samples can be held for several weeks at
freezing temperatures without loss of carotene.

The proposed method greatly reduces sampling error (Table
V). By other methods the plants are finely chopped and mixed,
and because the leaves contain much more carotene than the
stems, slight variation in sampling the chopped tissue may re
sult in exceedingly poor checks between duplicates. Further
.more, the determination usually cannot be repeated if the analyti
cal technique is faulty. \Vith the proposed method, on the
other hand, much more uniform mixing and sampling of the dried
material can be achieved. There will also be a reserve supply
of material available if it becomes necessary to repeat .the deter
mination because of analytical failures. The slight destruction
of carotene that may occur during drying is a small price to pay
for the increased precision that is obtained.

4.8
7.0
5.6
6.4

11.2
13.6
19.3
20.1
15.8
18.2

356
348
353
350
332
323
302
299
315
306

Carotene
'flu. dry wt.

374

22
4
2.5
4
6
2
4
6
1
2

Drying
Time
Hours

428
440
457
600
510
601
404

36
50
65
65
65
80
80
80

100
100

Moore-Ely
Extraction Proposed lVlethoda

'Y per gram dry weight

403
421
501
601
538
.566
400

Drying
Temp.

o C.

Method of
Extraction

Sample

Alfalfa 1
Alfalfa 2
\Vheat grass 1
Wheat grass 2
Brome grass 1
Brome grass 2
Oat grass

a Driad at 65° C. for 4 hours.

Table III. Effect of TeDlperature and TiDle of Drying
~CompaTi50nof IVloore-Ely extrae-tion procedure with a proposed method for

determination of carotene in fresh alfalfa)
Loss
by

Drying

%
o

Proposed method

!vIoore-Ely extraction

sists of comminuting the sample in a Waring Blendor with a
mixture of ethanol and petroleum ether. There are certain
-disadvantages to this method as it now exists. Splashing during
comminution may result in some loss of solution. It is also neces
sary to subject the comminuted solution to a laborious extraction
procedure to remove the carotene completely from the ethanol
phase. For this reason, the number of determinations that one
operator can perform in a day is small.

Mitchell and Hauge (1) have reported that an autoelaved
sample of alfalfa which was dried in a Despatch oven at tempera
tures below 33 0 C. had lost essentially no carotene when an
alyzed by a method similar to that of Moore and Ely. The ex
periments described below were performed to show the feasibility
of determining the carotene of fresh plant tissue by blanching or
autoelaving to inactivate the carotene-destroying enzyme sys
tem, drying at low temperatures, and extracting the carotene
from the dried residue by the simplified procedure of Silker et al.

Samples of whole alfalfa were wrapped in towels, autoclaved
for 5 minutes at 5 pounds' pressure in a horizontal steam steril
izer, and dried in a Despatch oven under various conditions of
time and temperature. The dried samples were ground to pass
through a 20-mesh screen and were analyzed by the method of
Silker, Schrenk, and King. Grinding to 2Q-mesh has been
found adequate in this laboratory, although some workers prefer
finer grinding (6). Ten 5-gram samples of the fresh material
were also analyzed by the extraction procedure of Moore and
Ely as employed in the method of Wall and Kelley, to serve as a
basis for comparison. Ten determinations were made because of
the large sampling error that occurs with such a nonuniform
material as fresh whole alfalfa.

The data presented in Table III show that both time and tem
perature of drying affected the amount of carotene that was
destroyed. A long drying period at low temperature resulted in
less destruction than a short drying period 'at the higher tem
peratures. Long drying periods are to be avoided, however,
because they increase materially the time required to complete
the determination. Drying for 4 hours at 65 0 C. appears to be
{)ptimum, for at higher temperatures the amount of destruction
increased rapidly and became appreciable. With some samples,
depending upon size of sample and type of plant material, the
drying time cannot be reduced much below 4 hours.

Inactivation of the carotene-destroying system of the plant
tissue by blanching or autoclaving is an essential operation. Un
less this is done,' extensive carotene destruction will occur during



Determination of Chlorine Dioxide and Other Active
Chlorine Compounds in Water

JOHN F. HALLER AND S. S. LISTEK

Mathieson Chemical Corp., Niagara Falls, N. Y.

Water may be analyzed for free available chlorine,
chloramine, chlorine dioxide, and chlorite sepa
rately, and expressed as residual available chlorin~

in the order of fractional parts per million. The
.method consists of four amperometric titrations
with sodium arsenite, from which the concentra
tion of each constituent may be derived readily.
Titration of a neutral solution, from which chlorine
dioxide has been removed by hydrolysis at high pH,
measures only free available chlorine in the absence
of iodide, and measures both free available chlorine
and chloramine in the presence of iodide. In neu
tral solution, iodide reduces chlorine dioxide to
chlorite quantitatively, and, jf not previously re-

THE increasing use of chlorine dioxide in conjunction with
chlorine in water treatmE)nt makes it possible for chlorine

residuals to be present as free chlorine, hypochlorous acid, hypo
chlorites,the chloramines, and chlorine dioxide, along with
chlorites and' chlorates as secondary products. A method for
the determination of each of these components individually
is not to be found in the literature but would be of considerable
importance in water treatment control and in studies of the
changes that each component undergoes under various condi
tions.

Chloramine does not have the same bactericidal effectiveness as
free available chlorine. Recent studies by Ridenour and Ingols
(5) on the bactericidal properties of chlorine dioxide, indicate
that the comparative effe~tiveness of chlorine and chlorine di
oxide as bactericides varies with the type of contaminant and the
alkalinity of the water, and show chlorine dioxide to be at least as
effective as chlorine. Thus, with increasing int.erest in the use of
chlorine dioxide as a bactericide, a rapid and simple method for
distinguishing between these various chlorine compounds in the
water system takes on added importance.

In choosing a method of analysis, care must be taken that the
acidity imposed by the method does not inadvertently alter the
constituents, but permits deliberate manipulation of pH for pur
poses of differentiation. For example, if the method required a
high pH, chlorine dioxide would hydrolyze to chlorite and chlo
rate; if a low pH, chlorite would liberate chlorine dioxide. Re
ducing substances in the water, which are not attacked by
chlorite under neutral or alkaline conditions, may reduce it in suf
ficiently acid solution. Reducing substances in the water, which
are not attacked by free available chlorine, chloramine, or chlo
rine dioxide under the existing pH conditions, may reduce them
to some extent in a sufficiently basic solution. In any case, if
pH far from neutral were required, it is to be presumed that
the constituents would be changed before measurement was
possible. This restriction was recognized for the simple chlo
rine-chloramine system by Scott (6), Griffin (1), Hopkins (2),
and others. It is even more imperative when the system is ex
panded to include' chlorine dioxide and chlorite.

Th!J amperometric titration of chlorine or iodine with standard
arsenite solution as developed by Washburn (8), Treadwell (7),
Kolthoff (,''J); and others offers a dependable method of measure
ment which may be performed at neutrality. It is particularly
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moved by hydrolysis, one fifth will be titrated by
arsenite along' with free available chlorine and
chloramine. In acid solution, iodide reduces chlo
rite quantitatively to' chloride, and subsequent
titration in neutral solution.measures not only the
chlorite but also the chlorine dioxide already re
duced tochlorite, plus the free available chlorine and
chloramines reduced to chloride by iodide prior to
acidification. Thus, the total oxidizing capacity of
these compounds is measured. Temperatures as low
as 0 0 C. do not affect results of titratioIis, but do re
tard the rate of hydrolysis of chlorine dioxide.
Neither ferric nOr chlorate ions interfere. Nitrites
and manganese dioxide appear only as chlorite.

attractive because it is an absolute method, rather than de
pendent on uncertain standards. The electrical instrument,
being merely an end-point indicator, introduces no variable and
requires no calibration. As applied by Marks and Glass (4),
elementary chlorine, plus hypochlorous acid and hypochlorites,
is titrated by arsenite at pH 7 in the presence of chloramine with
out interference. Free iodine is also titrated under the same
conditions, and, if the. sample is first treated with potassium
iodide, not only does the chlorine liberate an equivalent amount
of iodine, but the chloramine also liberates iodine quantitatively
and irreversibly. If the sample is now titrated, both free avail
able chlorine and chloramine are titrated as equivalent iodine.
With samples of water in which the available chlorine is known to
be strictly limited to these two constituents, the method is ex
cellent, but if chlorine dioxide is present, it cannot· be distin
guished from chloramine.

The system of analysis presented here measures each of four
constituents: free available chlorine, to be understood as in
cluding chlorine, hypochlorous acid, and hypochlorites; chlo
ramine, including any products of the reaction between chlorine
and ammonia; chlorine dioxide; and chlorite, including chlorous
acid as they exist in the sample of water when analyzed, and with
out interference from ferric or chlorate ions, turbidity, or color.
Only in the case of the analysis for chlorites do nitrites and
manganese interfere. All results are given in parts per million of
chlorine equivalent to' the total oxidizing capacity of the con
stituents, and are reproducible to 0.01 p.p.m. 'Complete anal
ysis requires 20 minutes. The analytical system is here applied
only to the low concentrations of chlorine compounds found in
potable water, but with modifications is applicable to higher.
ranges and to the determination of nitrite and manganese.
Work is under way in. this laboratory to extend the method to
higher concentrations for bleach liquors and similar applica
tions and to analyses for other substances. Although chlorite in
water is usually not of interest in water control, it is included in
this system of analysis in order that the chemical changes which
chlorine dioxide undergoes may be followed.

APPARATUS

The measuring element consisted of a porous clay tube 6 mm.
in outside diameter, closed with fused glass at one end, and 30
mm. long, on the outside of which 65 cm. of No. 26 B. & S. plati-
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num wire were wound to constitute the sensitive electrode.
Within the porous tube a silver wire immersed in saturated
sodium chloride solution constituted the reference electrode.
The electrodes were directly connected to a microammeter,
range 0 to 20 microamperes~ A glass tubular extension fused to
the open end of the porous tube provided a reservoir for the
chloride solution and mechanical support for the measuring ele
ment. The level of chloride solution in the reservoir was kept
always higher than that of the sample to reduce contamination
by inward diffusion."

Thorough stirring of the sample during titration is essential
allli it is advisable to prevent mixing in of air by cavitation.
For these reasons the titration vessel was a square jar, made by
cutting off a pint bottle, and fitted with a loose plastic cover.
.\ small motor was mounted on the cover with an impeller shaft
l·xt.ending down into the liquid at the cotner, and rotating so as
to (Iraw the liquid upward. The measuring element was mounted
chrough the plastic cover in the corner opposite the stirrer. A
h ,Ie in the cover permitted insertion of a delivery tube from a
pipet, and the whole cover assembly could be readily trans
fNred from one jar to another as required.

The measuring buret was made from a 1-m!. pipet graduated in
0.01 m!. and connected to a supply bottle and delivery tube by 2
mm. plastic tubing. In titrating, the tip of the delivery tube
was placed in contact with the surface to permit smooth deliv
(·r.". and the tip was drawn small to reduce diffusion. Glass
pearls within the tubing served as satisfactory valves.

The amperometric titrator as supplied by Wallace & Tiernan
Ill".: be used.

Figure 1. Electrode
AsseInhly

METHODS OF ANALYSIS

Separate amperometric titrations were made on each of four
samples of water under test. .The samples were prepared under
different conditions, and were titrated with standard arsenite.
As the active compounds were reduced, the meter reading de
creased until the .end point was marked by no further decrease.
A standard sample of 200 m!. was found satisfactory for each titra
tion.

Caustic solution, 10% sodium hydroxide in distilled water.
Acid solution, 6 N sulfuric acid.
Potassium iodide, U.S.P. crystalline.
Indicator paper for pH ranges at 2,7, and 11.
Standard Arsenite Solution. C.P. sodium metaarsenite,

NaAs02, Eimer and Amend, was dissolved in water to make a
solution approximately 0.1 N, which was then standardized
against standard iodine solution. The calculated amount was
then diluted to 1 liter to produce a 0.00564 N arsenite titrating
solution, each milliliter. of which added to 200 m!. of sample is
equivalent to 1 p.p.m. of available chlorine. A small amount of
chloroform stabilized the arsenite solution.

The following test solutions were prepared and used in the ex
perimental determinations.

Conditioned Water. To a large supply of distilled water
which was known to have a small chlorine demand, a small
amount of chlorine stock solution was added. The residual chlo
rine was titrated from time to time and held in slight excess by
further addition of chlorine solution as required. After several
days at room temperature, the small chlorine excess became vir
tually constant at a low value, and this water was used to make up
the test solutions. This stabilized water could be used in com
parative determinations and was less troublesome to prepare than
chlorine-free and ammonia-free water.

Chlorine Stock Solution. Chlorine gas was led into distilled
water to a concentration of about 6 grams per liter, 20 m!. of
which were diluted to 2.5 liters for use.

Chloramine Stock Solution. A solution of ammonium hydrox
ide containing approximately 20 p.p.m. was prepared and then
diluted tenfold. To the diluted solution sufficient chlorine
stock solution was added to form the desired concentration of
chloramine. Ammonia was always present in excess. These
chloramine solutions were stored in the dark. They showed some
instability, especially in the higher chloramine concentrations,
and a loss of 0.01 p.p.m. was sometimes noticed at a concentra
tion of 0.60 p.p.m. in 2 hours at 30 0 C.

Chlorine Dioxide Stock Solution. Chlorine dioxide gas, made
by i'eduction of sodium chlorate by sulfur dioxide in strongly
acid solution and containing less than 1% of the residual parts
per million as free chlorine, was absorbed in water to a concen
tration of approximately 2 grams per liter, diluted tenfold to
give a stock solu.tion containing approximately 0.2 gram per liter,
and stored in black bottles at 7 0 C. No deterioration was notice-

. able after standing 4 days. Chlorite solutions were made from
sodium chlorite, analytical grade.

+
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In many amperometric titra
tions it has been customary
to supply a small polarization
current from an external source
and also to take advantage of
such an arrangement to set the
meter reading conveniently.
In the present work the meas
uring element, as constructed,
functioned adequately as a pri
mary cell and required no ex
ternal current supply. In most
of the titrations, only the end
poin.t was of interest, and no
provision for setting the meter
reading was necessary. Elimi
nation of the auxiliary sour,'"
of current provided more ('011

stall t sensitivity.

REAGENTS

The reagent solutions were made at sufficiently high concentra
tiolls to keep the amount of water introduced with the necessary
quantity of reagent as small as possible, in order to minimize er
rors introduced by demand of the water used to dissolve the
reagents.

As an added precaution against impure reagents, water which
has been conditioned as described below may be used to prepare
the reagent solutions excepting the arsenite. Then after stand
ing several days they may be dechlorinated carefully to 0.01
p.p.m. of chlorine residual with sulfite, using the amperometric
indicator. The neutral buffer should be dechlorinated first.
Then the acid and acid buffer follow, using the neutral buffer on
samples to adjust the pH. Finally the caustic solution is de
chlorinated, and samples are neutralized with acid buffer.

Alternatively, dechlorination with sulfite may be followed by
the aid of an outside indicator such as o-tolidine.

~eutral buffer, 100 grams of sodium dihydrogen phosphate
monohydrate plus 400 grams of disodium hydrogen phosphate
dodecahydrate, dissolved in distilled water and diluted to 1 liter.

Acid buffer, 750 grams of sodium dihydrogen phosphate mono
hydrate dissolved in distilled water and diluted to 1 liter.

In making a titration, arsenite was added from a buret if neces
sary to bring the meter needle on scale. Then a graph of meter
reading against volume of arsenite added was drawn, which al
ways resulted in a straight line, provided sufficient time was
allowed between additions, particularly near the end point.
With care, two points were sufficient to locate the line. Then
excess arsenite was added to locate the end point on the line. An
alternate method was to add equal small increments of arsenite
until the last increment produced no further change, but this
method was somewhat slo\\:er and the precision was limited to the
value of the increment.

Titration I. Free Available Chlorine, Including Hypochlorite
and Hypochlorous Acid. Sufficient 10% sodium hydroxide was
added to a sample to bring it to at least pH 11, as tested by a
pH meter or by Hydrion paper, if the sample was at 25 0 C., or pH
12 if at 0 0 C. The sample was allowed to stand for 5 minutes if
at 25 0 and for 10 minutes if at 0 0 C. It was then brought to ap
proximately pH 7 by the addition of a small amount of the acid
buffer solution as checked by meter or paper, and was titrated by
standard arsenite solution.

Under these conditions the content of free available chlorine is
measured without interference from chloramine, chlorine dioxide,
or chlorite which may have been originally present. The addi
tion of alkali causes the conversion of any chlorine dioxide in the
original sample to chlorite and chlorate according to the equation:

2CI02 + 2NaOH = NaCI02 + NaCI03 + H 20
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6. Ferric ions do not interfere with the analysis. A chlori
nated sample of water was divided into two parts. To one 'part
ferric chloride solution was added to make 0.67 p.p.m. of iron.
The two parts analyzed:

Mix- 1and2 1 and 3 2 and 3 1 and 2 and 3
ture Caled. Obs. Caled. Obs. Caled. Obs. Caled. Obs.

Ch 0.265 0.274 0.265 0.270 0.000 0.000 0.265 0.280
CINH, 0.105 0.100 0.093 0.094 0.012 O.Oll 0.105 0.098
CIO, 0.220 0.230 0.000 0.000 0.220 0.215 0.220 0.220
NaClO, 0.061 0.058 0.387 0.383 0.448 0.446 0.448 0.454

5. The method of analysis yields additive results for each
constituent independently. Three stock solutions consisting
chiefly of chlorine, chlorine dioxide, and chlorite; respectively,
were prepared. One milliliter of each was diluted to 250 ml. and
analyzed as follows:

P.p.m. of Available Chlorine
No.1 No.2 No.3

0.265 0.000 0.000
0.093 0.012 0.000
0.000 0.220 0.000
0.000 0.061 0.387

Sample 2
with FeCh

P.p.m.

0.684
0.048
0.007
0.000

Relationships

A=B=C=D
.'1.=0; B=C=D
.'1.,.<0; B=C=D
.'1.=0; 5C-4B=D
.'1.,.<0; 5C-4B=D

With MnO.

0.047
0.230
0.248
1.206

Sample 1
without FeCla

P.p.m.

0.690
0.046
0.010
0.000

Without MnO.

0.040
0.222
0.247
0.566

A
B
C
D

C12
CINa.
CIO,
NaCIO,

Constit,uents Present

C12 .
NH,Cl'
cr, + NH,Cl
NH,Cl + CIO,
Ch + NH,Cl + CIO,

ment alter the titration for chlorine. Excess ammonia cO\Yerts
the chlorine to chloramine and reduces this titration to zero.

2. After treatment with iodide, chloramine is measuret at
pH 7 by titration with arsenite. This titration is not altered'W
preliminary acid or basic treatment or the presence of chlorit'l
or chlorates. Excess chlorine reacts with chloramine to give.un
stable solutions.

3. Chlorine dioxide is reduced by potassium iodide to chlorite
at pH 7, and to chloride at pH 2. This is not altered by the pres
ence of free available chlorine, chloramine, or chlorates.

4. If A, B,C, and D represent the titration quantities of
standard arsenite required in Titrations I, II, III, and IV, respec
tively, the following relationships were experimentally confirmed
with solutions containing known constituents:

One milliliter of stock solution No.1 plus 1 ml. of No.2 were
mixed together, diluted to 250 ml., and analyzed. The same
procedure was followed also for the pairs Nos. 1 plus 3, and Nos.
2 plus 3. Finally a single dilution of 1 ml. of each of all three
was mixed, diluted to 250 mI., and analyzed. If no changes oc
curred on mixing, and if each constituent were determined inde
pendently, the resulting analyses of the mixed solutions should
have equaled the sum of the component analyses.

7. Sodium nitrite is titrated as if it were chlorite, and'it does
not otherwise interfere. A sample of water was divided into two
parts: 2.0 p.p.m. of sodium nitrite were added to one part and
both were analyzed. The part without nitrite gave zero for
Titrations I, II, III, and IV. The part containing nitrite gave
zero for Titrations I, II, ~nd III. Titration IV showed 0.17
p.p.m. of residual chlorine apparently as chlorite.

8. Manganese dioxide is measured as if it were chlorite, and it
does not otherwise interfere. A sample of water was divided
into two parts. One part was treated with a colloidal solution
of manganese dioxide so that it contained approximately 0.9
p.p.m. The colloidal manganese dioxide solution was prepared
as follows: Potassium permanganate in 0.001 N solution wa,a
brought to pH 11 by the addition of 10% sodium hydroxide.
Then it was just reduced by adding sodium metaarsenite solu~
tion, followed amperometrically. Both water samples were ana
lyzed. Comparison showed no effect on Titrations I, II, or
III, and that it was measured in Titration IV.

ANALYTICAL PROCEDURE

For speed and efficiency the procedure has been reduced to
the following steps. Reagents are added in the order given.
None of the reagent quantities is critical. Changes in pH should
be checked with indicator paper. The quantities are given for
water at or near room temperature.

1. Measure four 200-ml. samples of water into jars marked I,
II, III, and IV, respectively.

2. Add 10% sodium hydroxide to I and II to bring pH to 11 to
12 (about 3 drops).

3. Add neutral buffer to III to bring pH to 7 (1 mI.).
4. Add potassium iodide crystals to III and IV (1.5 grams).
5. Add acid solution to IV to bring pH to 2 (5 drops).
6. Titrate sample III. Result = C ml. of arsenite.
7. Add acid buffer to I and II to pH 7 (1 mI.).
8. Add 1.5 grams of potassium iodide crystals to II.
9. Titrate sample 1. Result = A ml. of arsenite.

10. Titrate sample II. Result = B ml. of arsenite.
11. Add neutral buffer to IV to pH 7 (4 mI.).
12. Titrate sample IV. Result = D ml. of arsenite.
13. Ch = Ai chloramine = (B - A) i chlorine dioxide

5(C - B); chlorite = 4B - 5C + D.

the products of which do not interfere when the pH is subse
quently brought to 7 and titrated. Larger amounts of alkali
than necessary to bring the pH to 11 may be added without
harm, and serve to decrease the time required for hydrolysis es
pecially at lower temperatures, but do increase the amount of
acid buffer subsequently required to bring the pH to 7. Pre
pared solutions which contained known amounts of free available
chlorine together with known additional amounts of chloramine,
chlorine dioxide, and chlorite, when thus treated, showed on titra
tion only the free available chlorine content.

Titration II. Free Available Chlorine Plus Chloramine. A
second sample was made alkaline, allowed to stand about 5
minutes, and brought to pH 7 as in Titration I. Approxi
mately 1.5 grams of crystalline potassium iodide were added,
in large excess to ensure rapid completion of reaction, and
the solution was then titrated. Under these conditions chlorine
dioxide .originally present was converted into chlorite and
chlorate. Chloramine as well as chlorine liberated iodine, and on
titration both were measured. Solutions containing known
amounts of chloramine have been supplemented by the addition
of chlorine, chlorine dioxide, and chlorite, and titrations of such
solutions following the procedure described have consistently
yielded accurate values for the content of free available chlorine
plus chloramine. The difference between Titrations I and II
measured the residual chlorine which was present as chloramine.

Titration III. Free Available Chlorine, Chloramine, and One
Fifth Chlorine Dioxide. With the third sample, the alkaline
treatment was omitted, and the solution brought to pH 7 by neu
tral buffer. Potassium iodide was then added, and the solution
was titrated. Iodine was liberated by the free available chlorine
and chloramine and also by the chlorine dioxide. The latter was
.reduced to chlorite under these conditions with a valence change
of 1, instead'of being completely reduced to chloride with a va
lence change of 5, and only one fifth of the total oxidizing capacity
was thus titrated. Five times the difference between Titrations
II and III measured the chlorine dioxide.

Titration IV. Free Available Chlorine, Chloramine, and
Chlorine Dioxide plus Chlorite. Potassium iodide was added
to the fourth sample of water to be analyzed, mixed thoroughly,
acidified with 6 N sulfuric acid to a pH of 2, and allowed to stand
for 5 minutes. The pH of the solution was then brought to 7 by
the addition of neutral buffer solution and titrated. Under these
conditions the whole oxidizing capacity of free available chlorine,
chloramine, chlorine dioxide, and chlorite was measured, all
being reduced to chloride with the liberation of iodine.

EXPERIMENTAL

The following statements have been confirmed by experimental
evidence. In only one case which unavoidably involved the
gradual decomposition of chloramine, an error of 0.016 p.p.m.
was observed. In the rest the error was less than 0.010 p.p.m.

1. Free available chlorine, including hypochlorites, is meas
ured at pH 7 by titration with standard arsenite. Chlorine
dioxide interferes with this titration but may be removed by
preliminary basic treatment without altering the titration.
Neither chlorites, chlorates, iodides, nor preliminary acid treat-
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9. iThe temperature of the sample does'not affect the result
of tltJ titration. A sample of chlorine solution buffered at pH 7
ana containing potassium iodide was divided into two parts and
tijfated at 0 0 and 23 0 C., respectively. Both titrations showed
0240 p.p.m. Both the actual microamperes at corresponding
points and the gradient microamperes per milliliter of arsenite
were much lower at the lower temperature, indicating lowered
sensitivity, but the amount of arsenite required was the same in
both cases.

10. The rate of hydrolysis of chlorine dioxide decreases with
temperature. To reach completion of hydrolysis at 0 0 C. re
quires at least 10 minutes at pH 12. A solution which contained
approximately 1.3 p.p.m. of chlorine dioxide and 0.34 p.p.m. of
chloramine was prepared. One part was completely hydrolyzed
at 25 0 C. pH 12.1, and on titration showed 0.337 p.p.m. of
chloramine and no chlorine dioxide. A second and third sample
were hydrolyzed at 0 0 C. and pH 12, 1 for 5 and 10 minutes, re
spectively, then neutralized and titrated for chloramine and
residual chlorine dioxide. After hydrolyzing for 5 minutes the
sample still contained 0.029 p.p.m. of chlorine 'dioxide. After
hydrolyzing for 10 minutes 0.009 p.p.m. of chlorine dioxide re
mained, which is just within the accuracy of the method. For
Titrations I and II at 0 0 C. at least 10 minutes and preferably
longer should be allowed for hydrolysis.
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Estimation of Hemicelluloses in Holocellulose from
Nonwoody Plant Material

EMME'IT BENNE'IT

Massachusetts Agricultural Experiment Station, Amherst, Mass.

A method is described for the determination of hemicelluloses from holocellulose
of nonwoody plant material, based on quick extraction of hemicelluloses with an
alkaline solution that is completely oxidized by an acid chromate solution.
The reduced chromate is a measure of the organic matter, which is composed
principally of hemicelluloses.

T HE determination of hemicelluloses is made infrequently,
despite the fact that they are probably present in all plants

and in relatively large quantities in cereal straws. The hemicellu
loses usually recognized are of two general types. The incrusting
type. consists of pentosans, hexosans, mixtures of these two, and
polyuronides. The other type, referred to as cellulosans, are be
lieved to be constituents of the cellulose pattern and do not con
tain uronic acid groups (5). The former group is the more
readily soluble and probably corresponds most nearly to the fJ
and 'Y-cellulose of industry. The latter may be relatively in
soluble. A portion of this fraction together with the cellulose
corresponds approximately to the a-cellulose of industry.

The hemicelluloses determined by the present method are be
lieved to be chiefly of the polyuronide type. Because some
cellulosans as well as pentosans and hexosans may be extracted
along with polyuronide hemicelluloses, the use of recognized
terminology is abandoned and the whole fraction extracted is re
ferred to as hemicelluloses, although the fraction extracted under
the conditions prescribed is essentially similar to the fJ- and 1'

cellulose fraction. It is felt that such a differentiation, while
empirical, has certain advantages.

The methods ordinarily used for the estimation of hemicellu
loses are based on the determination of the reducing values of the
sugars formed during hydrolysis, the determination of furfural,
and direct isolations, (3,7,9). The older methods of isolations are
reasonably specific but are rather laborious for routine proce
dures. A critical discussion of various procedures has been
offered by Norman (6).

Essentially the present method is a modification of Launer's
procedure for fJ- and 'Y-cellulose in pulps and papers (.n. The
variations are designed to shorten the time of operation and to

include certain desirable features of other procedures (1). Holo
cellulose, freed of pectic compounds, is extracted with aqueous
al,kali and the resulting solution is oxidized completely with an
acid chromate solution. The reduced chromate serves as an index
of the organic matter present and is determined spectrophoto
metrically. Holocellulose from nonwoody plant tissue ordinarily
contains some lignin, from 30 to 50% of the original percentage
content of nitrogen, and substantially all the furfural-yielding
substances (2).

PREPARATION OF HOLOCELLULOSE

The materials used in this work were beet pulp, citrus pulp;
cranberry pulp, cornstalks, oat straw, and mixed hay. All
samples were ground to pass a 25-mesh screen but were retained
by a 50-mesh screen. Five holocellulose determinations were
made on a 3-gram sample (2) of each type of tissue. Samples were
first extracted with a solution of alcohol-benzene (1 to 2) for 6 to 8
hours, then twice with 0.5% ammonium citrate at 80 0 C., over a
period of 24 hours; the first extraction period was for 4 to 6 hours.
Samples were then subjected to the sodium chlorite-acetic acid
treatment. The holocellulose produced was filtered through
poplin in the usual manner and allowed to dry at room tempera
ture before removal from the cloth. Hemicelluloses were then
extracted from this material.

ESTIMATION OF HEMICELLULOSES

Prclim~p.aryextractions of holocellulose from cornstalks, using
solutions of sodium hydroxide varying in concentration from
o to 24%, indicated that a 12% solution, specific gravity 1.1309
at 20 0 C. or approximately 3.39 N, was most effective. The solu
tion which contained the greatest amount of organic matter was
considered the most effective.

In order to determine the extent of the removal of pentose
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a Weight basis.

per 100 ml. There is a slight tendency for the data for the last
two concentrations to deviate from Beer's law, according to which
otie should obtain a straight-line relationship. The tendency,
however, does not seem to be consistent or very significant; hence
a straight line was drawn which satisfied all points'. As the sugars
in the hemicellulose are in the anhydro form, the concentrations of
glucose were recorded as anhydroglucose.

Table I shows that, in general, agreement within anyone set of
determinations is better than that between sets of duplicates or
triplicates. This is due to the fact that in each trial a new
sample of holocellulose was prepared. The control of the latter
procedure is not so good as the subsequent procedures that in
volve extractions with alkali and oxidation with chromic acid. The
results indicate about as wide deviations as are likely to occur. It
is essential that the holocellulose determinations be made under
very definite conditions as regards time of digestion and tem
perature. More precise results can also be obtained if filtrations
are made through crucibles, rather than cloth, although the latter
facilitates filtering considerably.

DISCUSSION

In relatively small quantities starch was found to be removed
from plant tissue by sodium chlorite. Starch treated with sodium
chlorite as in the regular tests was not destroyed, as evidenced by
the reaction with iodine. A recent patent covers the solubilizing
action of sodium chlorite on starch (8).

Pectic materials are not completely removed by treatment with
sodium chlorite. Treatment of commercial pectin with chlorite
did not result in a destruction sufficiently great-to prevent the
formation of gels with calcium salts. In some instances incom
plete removal of pectic substances may result in a slight enhance
ment ofthe percentage content of the hemicelluloses. This state
ment becomes more significant when one considers that citrus
pulp yields abqut 9% of furfural, about 49% of which may be
credited to pectic substances. The yield of furfural from corn
stalks is practically unaffected by the use of ammonium citrate.
The extensive removal of pectic substances from beet pulp and
citrus pulp followed by a subsequent treatment with chlorite pro
duces a residue which to a great extent has lost the characteristics
of the particle and has acquired a somewhat sticky nature. The
fibers from the cereal straws, being low in pectic materials, do not
appear to have been altered.

It was found expedient to filter the residues from the hemicellu
lose extracts after dilution to volume. There was no significant
difference in the reducing value of the filtrates whether filtered
before OJ; after dilution to volume. Solutions diluted to volume
and allowed to stand before filtration did not change significantly
in reducing value until after about 4 hour·s.

No correction in oxidizing values was made for the presence of
uronic acids or for differences in tironic acid content of the
hemicelluloses of different plants.

The manipulations described above are believed to make it
possible to cut the time of operation down to about one fourth of
the time used for the older gravimetric methods. If uniform con~

ditions are maintained, the reproducibility of the method is good.

26.4
26.2
26.4
28.7 22.5
28.4 22.5

27.5=1.423.1=1.0

13: 2 26: 7
13.5 25.9

13.1';'0 4 26.5 =1.4
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Table I. Hemicellulose as Anhydroglucose in Plant
Tissues on an Ash- and Moisture-Free Basis

Beet Citrus Cranberry Corn- Oat Mixed
Pulp Pulp Pulp stl'lks Hay Hay

% % % % % %
5'.4 9: 1 12.9 27. 3 23. 5
5.8 9.1 12.9 26.6 26.3 23.2
5.6 26.5 23.2
5.2 9.6 12.8 26.3 28.9 24.3
5.2 8.9 13.4 26.6 28.0 23.4

U 9.3 13:4 27:9 27.9 ~U
5.4 9.3 13.4 27.9
6.2 8.8 13.1 25.7
6.5 9.1 25.2

8.7
6.8 9.3
6.6 9.3

Av.a 5.9=0.89.2=0.5

Trials

units from the holocellulose by 'the above treatment, a furfural
determination was made on an aliquot of the alkaline extract.
In the case of cornstalks, over 85% of the furfural-yielding sub
stances in the holocellulose were removed. More drastic means
are usually necessary to remove so large a fraction (5).

A 0.2-gram sample of air-dried holocellulose was treated with
20 ml. of 12% sodium hydroxide in a 10D-mL volumetric flask and
placed in a constant-temperature bath at 20 0 C. for 10 minutes.
An equal volume of water at the same temperature was then
added and the contents were agitated. The flask was left in the
bath for a total of 90 minutes, the contents being agitated once
more at about the half-way period. T.he contents were then
diluted to volume, thoroughly mixed, .and filtered by suction
through a plug of glass wool jammed into the stem of a funnel just
below the apex. Twenty-five milliliters of the filtrate were trans
ferred to a 300-mL Erlenmeyer flask together with 5 mL of dis
tilled water, 30 ml. of concentrated sulfuric acid, and 5 ml. of 1 N
potassium dichromate. The solution was boiled gently for 2
minutes at 140 0 to 150 0 C. The passage of a slow current of air
through the solution facilitated boiling considerably. After quick
cooling under a tap, the transmittance of the reduced chromate
was measured in a Coleman Universal spectrophotometer. This
instrument operates on a spectral band of 35 millimicrons; the
cuvettes were approximately 13 mm. thick. A wave length of 600
millimicrons and a PC-4 filter were used. Distilled water was
used as the reference solution.

The yield of holocellulose must be recorded if the percentage
content of hemicellulose is to be reported on the original basis.
Results are reported on an ash-, moisture-, and nitrogen-free
basis. The nitrogen is converted to protein by use of the factor
6.25. As the alkaline extraction procedure removed about 80 to
100% of the nitrogen of the holocellulose, it is believed to be in
the form 'of protein. Samples bearing small percentages of nitro
gen in the original material, such as wood, probably would not
retain a sufficient amount of nitrogen to be significant. The ex
tracts used in this wo~k contained up to about 12 mg. as protein.
Trial tests using casein to determine the oxidation values of pro
teinaceous materials indicated that 1 mg. is equivalent to about
0.94 mg. of glucose.

STANDARDIZATION OF REFERENCE CURVE

A curve was established which related the reduced chromate to
glucose. Although pentose sugars are usually predominant in
hemicelluloses,a reference curve can be made using the cheaper
and more easily available glucose because the amount of reduced
chromate produced by equal amounts of glucose and xylos~ under
these conditions is not significantly different.

Data were obtained by taking the average of five or six deter
minations on each of eight solutions of glucose (expressed as an
hydroglucose) that varied in concentration from 0 to 140 mg. per
100 mI., and oxidizing 25-mL aliquots of these solutions in the
manner described above. Percentage transmission. values ob
tained were then plotted against milligrams of anhydroglucose
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Analysis of Liquid Phosgene
CECIL A. RUSH AND CHARLES E. DANNER, Chemical Division, Technical Command, Army Chemical Center, Md.

A satisfactory and precise method is given for the analysis of high-purity liquid
phosgene suitahle for munitions and chemical manufacture. The cold liquid is
taken up in a thin glass bulb and released by brealung the bulb in a stoppered
flask containing specially treated anhydrous sodium iodide and anhydrous
acetone. The released iodine is titrated with thiosulfate and the free acid is de
termined by titration with sodium hydroxide. Separate samples are broken
similarly in cold water or aqueous potassium iodide for determination of free
chlorine. Nonvolatile residue is determined by evaporation, and ferric chloride
in the residue is determined iodometrically. Data are presented to show the pre
cision of the determination, the effect of variations of the iodometric method,
and the effect of high acidity on side reactions and accuracy.

N o METHOD appears to have been reported in the literature
. for the analysis of liquid phosgene. Methods (1, 2, 3)
were developed for the determination of relatively low concen
trations of gaseous phosgene rather than for the assay of high
purity liquid phosgene.

Current U. S. Army specifications for phosgene (6) cover two
grades: Grade A, phosgene suitable for use in munitions, and
Grade B, phosgene suitable for use in chemical manufacture.
Theminimum purity is 98%; acidity calculated as hydrochloric
acid, 0.50% maximum; residue on evaporation, 0.50% maximum;
free chlorine for Grade A, 1.0% maximum; for Grade B, 0.05%
maximum.

It was not possible to obtain a correct assay of the liquid by
sampling gas from the cylinder, as the vapor pressures of the
main impurities, hydrochloric acid and chlorine, are much higher
than.phosgene.

In the first workable method that was used here (5), the cold
liquid sample was placed in a bulb, sealed, weighed, and broken
in a stoppered.flask containing a small excess of 0.1 N sodium
hydroxide. Excess barium chloride was added and the precipi
tawd carbonate was titrated with 0.1 N hydrochloric acid added
in excess and, back-titrated with 0.1 N sodium hydroxide. Chlo
rine and hydrochloric acid were determined by volatilizing a liquid
sample and allowing it to pass through weighed absorption tubes
containing antimony and Michler's ketone, respectively.

Although the method was useful, it was time-consuming and
sometimes gave erratic results when used by different analysts.
It was evident that a very careful and painstaking technique was
necessary.

When large-scale manufacture of phosgene was undertaken
during World War II, the available methods for the determination
of phosgene were again studied. The iodometric method
seemed most promising. The excellent article of Matuszak (2)
allowed a better understanding of the side reactions occurring
and gave ideas on how to proceed. Development of a satis
factory technique for drying and storage overcame objections
to the use of sodium iodide, whereupon advantage was taken of
the high solubility of this salt in acetone (molecularly about 15
times that of potassium iodide, 4) to minimize the occurrence of
undesired reactions.

In acetone solution sodium iodide reacts with phosgene to
release iodine:

COC12 + 2NaI~ CO + 12 + 2NaCl

The released iodine is titrated with sodium thiosulfate. When
water is present, some hydrolysis of phosgene occurs:

COC12 + H 20~ CO2 + 2HCI

Treatment of the sodium iodide to remove alkali and moisture
and the use of great excess in anhydrous acetone led to the

procedure given below for high-purity liquid phosgene. The
procedure was used by many laboratories throughout this country
during the war, with highly satisfactory results. Directions
should be followed rather meticulously, because variations in
technique have usually resulted in the presence of moisture with
attendant side reactions, low phosgene results, and high acidity.

APPARATUS

Erlenmeyer flasks, 500-ml. heavy-walled, glass-stoppered.
Most flasks require regrinding with 300-mesh Carborundum
powder. Test for leaks by placing 25 ml. of acetone in the flasks
and heating to boiling, so that the vapors fill the flask. Grease
the warm stopper with petroleum jelly. Stopper the flask and dip
into ice water with the stopper above the water. A leak can be
observed as a striation or bubbling in the grease.

Erlenmeyer flasks, 750-ml. heavy-walled, tested as above.
Sampling apparatus as diagramed in Figure 1. Sampling bulbs.
about 12 and 15 mm. in diameter.

REAGENTS

Anhydrous Acetone. Place 2 liters of reagent (A.C.S.) acetone
in a brown glass-stoppered bottle. Add 200 grams of 20-mesh
Drierite (anhydrous calcium sulfate), and allow to stand 24 hours
with occasional shaking during the day. Store in a desiccator of
suitable size. (A desiccator fitted with a low-form bell jar as a
cover is satisfactory.)

Neutral Anhydrous Sodium Iodide. Place 500 grams of reagent
grade sodium iodide in a porcelain evaporating dish, add about 20
m!. of dilute 1 to 2 hydrochloric acid, and stir thoroughly until
the sodium iodide is uniformly moist. Place on a hot plate and
heat slowly with constant stirring until the crystals are white and
dry, but avoid decomposing the sodium iodide by too' vigorous
heating. Grind to a uniform powder with a mortar and pestle
while the reag,ent is still hot, place in a Pyrex salt bottle, and store
in an oven at 100 0 to 110 0 C. Test for acidity by adding about 5
grams of the reagent to 50 m!. of boiled distilled water. Add 2 to 3
drops of bromothymol blue-phenol red indicator. The reagent
should be slightly acid, as indicated by a yellow-green color.
One drop of 0.1 N sodium hydroxide should make the solution
basic and violet in color. The sodium iodide is stable at 100 0 to
110 0 C. for at least several months.

Bromothymol Blue-Phenol Red Indicator. A 0.1 % aqueous
solution of the sodium salt of bromothymol blue added to an
equal quantity of 0.1 % aqueous solution of the sodium salt of
phenol red.

Neutral, standardized 0.1 Nand 0.05 N sodium thiosulfate.
Standardized 0.1 N sodium hydroxide. Potassium iodide,
reagent grade, iodate-free. Starch indicator. Solid carbon
dioxide. Chloroform and carbon tetrachloride, equal parts by
volume for the sample bath.

PHOSGENE DETERMINATION

The cylinder containing the phosgene should be previously
cooled for. at least 2 hours in a bath of ice, salt, and water, then
removed and shaken. Place the cylinder, on a support, in an in
clined position, so that the liquid phase occupies the lower end of
the cylinder. The vapor in the cylinder should not be vented be-

644
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(A ± B) X~Y X 4.946 _ (C X 1.396) _ D X 0.304 =

% phosgene

where A ml. of standard solution used for determination
B ml. standard solution used for blank
C % free chlorine
D % ferric chloride
N normality of standard solution
W =' grams of sample

These symbols are used throughout subsequent calculations.
The correction for ferric chloride is usually negligible.

Acidity. Add 3 to 4 drops of bromothymol blue-phenol red
indicator solution to the flasks containing the sample and the
blank from the phosgene determination. Titrate the contents of
both flasks to the same blue-green color with the minimum
amount of agitation. Stopper the flasks and shake. The color
should hold for 20 seconds or more.

A X N X 16.22 _ 01 F Cl
W - ,0 e 3

With careful weighing and titration the phosgene determina
tion on specification grade material can be consistently checked
with a precision of 5 parts in 10,000, as is shown in Table I.

Hydrochloric acid is present from chlorination of methane,
ethane, and hydrogen, which are impurities found in small
amounts in the carbon monoxide used, and also from any traces
of moisture in the charcoal catalyst or carbon monoxide.

Chlorine is present from excess chlorine in the reaction mixture.
The residue has been examined and found to consist of hexa

chloroethane frem chlorination of ethane, and ferric chloride
from corrosion of iron or from iron carbonyls that may be present
in the carbon monoxide.

The unaccounted for remainder probably consists of carbon
.tetrachloride from the methane present in carbon monoxide, and
small amounts of dissolved carbon monoxide.

% acidity as HCl

% residue

(A - B) X N X 3.65
W

An alternative method is to add about 0.2 gram of potassium
iodate and titrate the released iodine with sodium thiosulfate.

Free Chlorine. GRADE A PHOSGENE. Place a l.O-gram
sample in the bulb as described above and place in a 750-ml. flask
containing 100 ml. of cold 3% aqueous potassium iodide solution.
Stopper the flask and break the bulb as above. Shake for 3
minutes or more. Cool the flask in the ice bath before removing
the stopper and titrate immediately with 0.05 N sodium thio
sulfate using starch as an indicator.

GRADE B PHOSGENE. Determine as above, using 200 ml. of
cold distilled water instead of the 3% potassium iodide. Add
about 5 grams of solid potassium iodide after the stopper is re
moved and titrate immediately with 0.05 N sodium thiosulfate.
(Water is used as the absorbent in order to prevent the slight side
reaction of phosgene with potassium iodide, releasing iodine. In
order to absorb the chlorine completely in a reasonable length of
time, potassium iodide solution is used for Grade A phosgene.
The possible alternative reaction of hydriodic acid with atmos
pheric oxygen releasing iodine was not found to be the ca1;lse
of high results when potassium iodide solution was used. Us~ng
boiled distilled water and expelling the air from the flask WIth
nitrogen resulted in released iodine with chlorine-free phosgene.)

A X N X 3.55 01 f ClW = ,0 ree 2

Nonvolatile Residue. Introduce into a tared Erlenmeyer flask
of 50-ml. capacity, with a calibration mark at 35 ml., sufficient
phosgene to fill the flask to the mark C!iO grams). Allow t~e
phosgene to evaporate in a vacuum deSiccator at atmosphenc
pressure. When the liquid has evaporated apply a vacuum and
leave at 200-mm. pressure or less for 0.5 hour. Then admit. dried
air. Repeat until the odor of phosgene cannot be detected III the
flask, remove, and weigh.

R X 100
W

where R = grams ef residue
W = grams of sample (50)

FERRIC CHLORIDE. Add 20 ml. of water, 4 ml. of 1 to 3 hydro
chloric acid, and about 1 gram of potassium iodide to the residue
above. Titrate to starch end point with 0.05 N sodium thiosul
fate.

METAL
CARRIER

~'Ut----I-r-l
Figure 1. Salllpling Apparatus

GLASS DIPPER
WITH 6" HANDLE

fore withdrawal of the sample, and the temperatw'e of the cylinder
should not be allowed to rise above 0 ° C.

Dry the 50-ml. sampling bottle in an oven at 100° to 110 ° C. and
cool in a desiccator. Place the bottle in the metal carrier and
suspend the assembly in a Dewar cylinder previously charged
with the chloroform-carbon tetrachloride mixture and cooled to
-20° C. or below with dry ice. Discharge about 20 ml. of phos
gene from the steel sample cylinder into the bottle.

Swirl the phosgene to wash the inside and discard. Immedi
ately replace the bottle in the bath and fill with phosgene to neat
the shoulder. Close with the dipper (Figure 1) holding a weighed
glass bulb (dried in an oven and cooled in a desiccator before
weighing). Place sufficient finely pulverized carbon dioxide ice in
the dipper to cover most of the bulb, leaving suffi,cient surface
uncovered to allow observation of the contents of the bulb. When
about 0.4 gram of sample has been drawn in, remove the dipper,
cover the bulb with more solid carbon dioxide, and hold at about a
45 ° angle with the stem pointing downward. Expel any visible
liquid from the capillary stem by touching the stem with the
fingers, or by bringing the stem near a gas flame to warm it
slightly. When the liquid leaves the capillary, seal quickly in the
flame with the bulb still in the dipper. Allow, the bulb to come to
room temperature in a desiccator and weigh to the nearest 0.1
mg.

Transfer approximately 5 grams of sodium iodide, still hot from
the oven, into a 500-mI. flask that has been dried at 100 0 to 110° C.
and is still warm after removal from the oven. Grease the stopper
with pure petroleum jelly. Add approximately 30 ml. of acetone.
Place the bulb containing the phosgene in the flask, stopper
tightly, and cool in an ice bath to well below room temperature.
Wrap the flask with a towel and holding the stopper down tightly
shake to break the bulb. Continue to shake for 3 minutes, coolin
the ice bath, remove the stopper, and 'wash down the neck of the
flask with a small amount of boiled distilled water.

Titrate with 0.1 N sodium thiosulfate to the disappearance of
the iodine color. Use no starch. When near the end point crush
the fragments of the glass capillary with a glass rod to release the.
held iodine. Titrate a prepared· blank containing the same
amount of sodium iodide and acetone with 0.1 N thiosulfate if the
solution is colored, or with 0.1 N iodine solution if the solution is
clear. The blank should not exceed 0.1 ml. for properly prepared
reagents. Reserve the solutions from the determination and
blank for the acidity test.
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sium iodide in the presence of excess solid potassium iodide rather
than sodium iodide. The pr9cedure of method 1 was used. The
potassium iodide was thoroughly dried and the same anhydrous
acetone used. The failure of potassium iodide as a reagent may
be due to lower solubility in acetone. Probably the release of a
large amount of phosgene uses up the iodide locally and the side
reaction with acetone occurs:

0,21
0,22

0.54
0.42

HCI
Acidity

%
1.13
1.52
1.16
0.94
1.12
0.84
0.92
0.92
0,80

Phosgene
%

98,10
97.60
97.43
98,52
98.12
98,81
98,60
98. (\1
98.81

0.4066
0.3021
0.5042
0,5214
0.4885
0.1104
0.1254
0.1022
0.1147

Sample
Weight
Gram

Effect of High Acidity on Detenninations
0.1 N Thiosulfate to

Correct for Side
Reactions

Ml.

1
1
1
2
2
1
1
2
2

Method

Table III.

D

Sample

Table III shows an experimental plant sample containing large
amounts of hydrochloric acid, made from impure carbon mon
oxide. When the acidity as free hydrochloric acid approaches
1%, a value far outside the specification limits, the determinations
become somewhat erratic, because of side reactions in acid solution,
and thus confirm the findings of Matuszak. His modification of
the iodometric method is helpful to correct for some of the side

reaction products if abnormal phosgene must be analyzed.
Reducing the size of the sample appears to be helpful,
although the high precision obtainable with normal

plant grade material appears to be lost, in any case, with all
samples of high acidity. When less than 5 grams of sodium
iodide are used, side reactions occur to a greater extent.
Although sodium iodide is already present in great excess,
the use of about 10 grams of sodium iodide in the usual
amount of acetone appears to be helpful in such cases, further
confirming previous findings (2, 3) that large excess of iodide
suppresses side reactions. Higher acidity than the values of
Table III cause still lower phosgene values in all methods given.

Certai'u grades of phosgene produced abroad contain small
amounts of sulfur compounds such as sulfur monochloride,
thionyl chloride, and carbon oxysulfide from impure, carbon
monoxide. These compounds will affect the iodometric titration
and other values, and consequently the determinations by the
above method may be slightly in error. Phosgene containing
large amounts of hydrochloric acid (1 % or more) and impurities
containing sulfur can best be determined by vaporizing the sample
through a train containing absorbents for phosgene and the
various impurities. This article does not deal with the analysis
of gaseous phosgene.

(C - B) ~TN X 3.65 = % HCI

B
C

(A + 2B) X N X 4.946 ,W = % phosgene (uncorrected for Cl, and FeC!,)

Method 1 is described in this article. Method 2 is' essentially
the Matuszak method (2) which corre6ted-{Q.r side reactions th~t
may give low phosgene results and high acidity. It was designed
for acid-free phosgene and makes no provision for determining
the acidity. In the modified method sodium iodide is used
instead of potassium iodide and provision is made for the
determination of hydrochloric acid. After the color of the
released iodine has been discharged, potassium iodate is added
to react with the free acid and the iodine color is discharged for
the second time by titration with thiosulfate. This second titer
is used in the modified procedure to calculate the acidity as hydro
chloric acid after correction has been made for hydriodic acid
resulting from the side reaction shown below. (The same amount
of thiosulfate is used in the titration of iodine released by hy
driodic acid as is consumed in the titration of the iodoacetone.)
A measured excess of thiosulfate is then added and allowed to
stand for 0.5 hour. The excess thiosulfate is then titrated back
with 0.1 N iodine to distinct coloration and discharged with
thiosulfate. The addition of excess thiosulfate is to correct
for iodination of acetone (enol form) according to the equations:

CH.COCH.~ CH.C(OH):CH2

CH.C(OH) :CH2 + Iz~ CH.CI(OH)CHzI

CH.CI(OH)CHzI~ CH.COCH2I + HI

CH.COCH21 + N aZS20. __ CH.COCH2N aSzO. + NaI

The thiosulfate consumed by the iodoaeetone is doubled (phos
gene releases 2 equivalents of iodine) ,wei added to the initial
thiosulfate titer to calculate phosgene,

where A m\. of thiosulfate used for initial titration of released
iodine

m\. of thiosulfate consumed by iodoacetone
m\. of thiosulfate used to titrate I, released by

KIO. -
N normality of thiosulfate
W grams of sample

The close agreement between methods 1 and 2 indicates that
side reactions do not occur to any extent if moisture is absent and
hydrochloric acid in the sample is within specification require
ments. Further indications of the absence of side reactions are
the negligible thiosulfate titrations shown in Table II and the
fact that low acidic values ranging from 0.02 to 0.04% have been
obtained by method 1 on a large number of plant samples con
taining small unknown amounts of hydrochloric acid which had
not been removed.

Method 3 is an attempt to use acetone saturated with potas-
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Table I. Precision of Results Obtained on Specifica tion
Grade Phosgene

Sample HCI Unaccounted
Sample Weight Phosgene Acidity Ch Residue for

Gram % % % % %
A 0.4595 99.08 0,48 nil 0.05 0.39

0.3213 99.12 0.45 nil 0.04 0.39
0,1521- 99.10 0.47 nil 0.05 0,38

B 0.5040 99.54 0.05 0.29 0.04 0,08
0.1215 99.59 0.04 0.27 0.05 0,05
0.3028 99.57 0.05 0,26 0,04 0,08

Table II. Results by Variations of Method

Sample
0.1 N Thiosulfate to

HCl Correct for Side
Sample Method Weight Phosgene Acidity Reactions

Gram % % MI.
C 1 0.4500 98.46 0.39

2 0.4844 98.48 0.38 0."0
2 0,3214 98.44 0.39 0.0
3 0.4390 92.97 3.9
3 0.2421 94.20 4,8
3 0.1120 90.12 6.1



Spectrophotometric Determination of Diacetyl
JOHN C. SPECK, JR.

Kedzie Chemical Laboratory, Michigan State College, East Lansing, Mich.

~Tith chronwtropic acid in sulfuric acid diacetyl gives a purple dye which is nearly
indistinguishable froIn that obtained with forInaldehyde under the saIne condi
tions. The formation of this color, which is attributed to the production of a
mole of formaldehyde by the sulfuric acid oxidation of a mole of diacetyl, has
been utilized as the basis of a rapid ~pectrophotometricdetermination ofdiacetyl.

WAVELENGTH, m...
Figure 1. Absorption Characteristics

----Diacetyl dye (froll1 1.16 X 10-' M diacetyl solution)
- - - - FOrInaldehyde dye (froll1 1.13· X 10-' Mforll1aldehyde solu-

tion)

Extinction (log loll)
at 570 m"

'0.292
0.242
0.006

Concentration of Sulfuric
Acid Added in Color

Development, %
98
80
60

Table II. Effect of Sulfuric Acid Concentration

Table 1. Effect of Time of DevelopInent
Time of Development, Extinction (log loll)

Min. at 570 m"

15 0.133
30 0.146
60 0.148

in order to achieve maximum extinctions. The development
procedure for the formaldehyde dye described by MacFayden.
which employs a lower sulfuric acid concentration, gives lower
extinction values.

PROCEDURE

To 1.0 ml. of solution containing 0.03 to 0.1 mg. of diacetyl per
ml. in a test tube provided with a glass stopper is added 0.5 ml. of
10% chromotropic acid solution, and to this mixture are added
gradually 5 ml. of 98% sulfuric acid. After mixing, the tube is
heated in a water bath at 100 0 for 1 hour and cooled, and the con
tents are transferred to a 50-ml. volumetric flask and diluted to
the mark with distilled water. The extinction is then determined
at 570 m",; a blank containing all the reagents and treated in
the same manner is employed as the reference solution. The size
of the test tube used in the development of the color is. not im
portant. However, the level of the liquid in the tube should be
below that of the water in the bath throughout the period of heat
ing.

EXPERIMENTAL

A Beckman spectrophotometer (model DU) and 1-cm. Corex
cells were used in obtaining all extinction data.

The diacetyl used in these experiments was obtained from
Eastman Kodak Co., Paragon Testing Laboratories, and Forest
Products Chemical Co. The usual procedure for its purification
involved two distillations through a 45-cm. (l8-inch) Stedman
column, the middle fraction boiling at 87.5-88 0 being taken each
time. I

Technical chromotropic acid was obtained from Eastman
Kodak Co. and Paragon Testing Laboratories. It was not
purified, but the solutions were merely filtered before use.

The reducing sugars which were examined as possible inter
fering substances were obtained from the Pfanstiehl Chemical Co.
and were C.P. grade. .

For comparison of the absorption characteristics of the form
aldehyde dye with that resulting from diacetyl, a weighed
amount of freshly resublimed hexamethylenetetramine was
hydrolyzed with 2 N sulfuric acid, as recommended by MacFay
den (6), and the color development carried out according to
Bricker's procedure.

The effect of time of development of the color is shown in
Table 1. This was determined by maintaining the conditions of
the above procedure constant with the exception of time of
heating in the boiling water bath.

The marked effect of the sulfuric acid concentration, shown
in Table II, was determined similarly.
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THE possibility of a spectrophotometric method of analysis
for small cOI).centrations of formaldehyde, based on the

purple dye formed from this compound and chromotropic acid
(4,5-dihydroxynaphthalene-2,7-disulfonic acid), was realized in
the procedures developed by MacFayden (6) and Bricker (2).
As shown in these investigations, and by the original qualitative
observations of Eegriwe (3), this reaction of formaldehyde with
chromotropic acid is highly specific. Its analytical application
is also subject to few interferences.

However, it has been. observed in this laboratory that solutions
of pure diacetyl give a color with chromotropic acid-sulfuric
acid mixture, the absorption characteristics of which are nearly
identical with those of the formaldehyde dye, as is shown in
Figure 1. Moreover, the molar extinctions of the dyes, as
based, respectively, upon moles of diacetyl and formaldehyde,
are almost equivalent. These observations, other than im
plying a source of serious error in the chromotropic acid
method applied to certain .formaldehyde estimations, have in
dicated a basis for a rapid spectrophotometric estimation of
diacetyl. Accordingly, the analytical possibilities of the diacetyl
reaction have been investigated.

Most of the pre~ious methods for determining diacetyl depend
upon the formation of the dioxime and its precipitation as the
nickelous complex, which is either weighed as such (1, 5, 10, 13)
or measured colorimetrically in chloroform (1) or spectrophoto
metrically as the nickelic dimethylglyoxime complex (12).
Diacetyl has also beelf ,determined colorimetrically by means of
the ferric dimethylgly6i:ime complex (9) and as substituted
quinoxalines formed by its reaction with o-phenylenediamines
(8). A polarographic method has been developed by Fulmer
et al. (,4-).

In a preliminary application of the chromotropic acid-diacetyl
reaction to the quantitative estimation of diacetyl, it was found
that the procedure described by Bricker for formaldehyde gave
excellent results with little alteration, and that the relatlonship
of extinctiori (log lolI) to concentration was nearly linear over the
range of 0.01 to 0.1 mg. of diacetyl per milliliter of solution ana
lyzed. It was merely necessary to increase the time of heating
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agents, it would hardly be expected to occur at a detectable rate
in solutions in which the hydroxyl ion concentration is as low as
that provided by concentrated sulfuric acid, as it is probable
that this type of oxidation proceeds through the a-diketone
hydrate.

Attempts to isolate pyruvic acid, the other product indicated
in Equation 1, from the reaction of sulfuric acid with diacetyl
have not been successful, possibly because at reasonable con
centrations of diacetyl in sulfuric acid extensive ·polymerization
and decomposition of this substance occur.

INTERFERENCES

All the substances that interfere in the formaldehyde deter
mination by the chromotropic acid method interfere in this di
acetyl estimation-for example, the presence of methyl ethyl
ketone produces a marked diminution of the color developed with
diacety!. Formaldehyde is itself an interference.

Both hexoses and pentoses yield diacetyl as one of the products
of acid degradation (7, 11), and these substances give brown or
purple colors with chromotropic acid-sulfuric acid mixture (3).
Data indicating the extent of this reaction for two hexoses are
given in Table V.

It is noteworthy that acetyl propionyl, the next higher homolog
of diacetyl, gives no purple color with chromotropic acid.

RCOCOR + [OJ + H20 ~ 2RC02H

For the comparison of this procedure with a standard method,
diacetyl was precipitated from solution as the nickelous dimethyl
glyoxime complex; the precipitation conditions recommended
by Wilson (13) were employed and the precipitates were weighed.
These gravimetric analyses were carried out on 1O.0-m!. aliquots
from the original diacetyl solutions, which were approximately
2% diacetyl. The spectrophotometric analyses were carried out
on solutions prepared by dilution of the original solutions either
1 to 25, 1 to 50, or 1 to 100. The values given in Table III
correspond to the concentrations of the more dilute solutions.
Those determinations designated by the subscript refer to anal
yses which were repeated after the original solutions had stood
at room temperature for one week. Obviously, the present
method gives much better agreement with the values obtained
with freshly prepared solutions than does the precipitation pro
cedure. This, probably, is due to a nonprecipitation of poly
merized diacetyl as the nickelous complex, whereas some of the
polymerized material is attacked by the chromotropic acid
sulfuric acid mixture. The proposed method should give high
results, therefore, in cases where some polymerization of the
diacetyl·has occurred.

Although the data in Table III indicate that the precision of
the method is somewhat outside the limits imposed by the
spectrophotometer, the reproducibility of results obtained in the
determination of the relationship of extinction to concentration
was nearly that to be expected of the instrument over the range
of extinctions covered. This precision is demonstrated in Table
IV, in which are given the analyses of solutions of highly purified
Forest Products' diacetyl by means of a standard curve obtained
with highly purified Paragon Testing Laboratories' diacetyl.

Table III. Detenuination of Diacetyl
Found Found

Determination Gravimetrically Spectrophotometrically
My./ml. My./mJ..

1 0.0752 .0.071
2 0.0436 0.043
3 0.0212 0.022
4 0.0924 0.092
5 0.0464 0.048
6 0.0220 0.025
4a 0.0768 0.085
5a 0.0399 0.045
6a 0.01S4 0.021

Table IV.

Weighed, Mg./Ml.

0.0192
0.0481
0.0871

Table V.

Reducing Sugar

Galactose
Glucose

Preciilion
Found

Spectrophotometrically,
Mg./Ml.

0.020
0.047
0.087

Extinctions
Extinction (log I.II)

at 570 m"
0.266
0.499

(2)
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In order to obtain such reproducibility between separate lots
of diacetyl, it was necessary to perform rectifications with great
care and to protect the purified material against moisture as
well as to use it within a short time after distillation. Otherwise,
low results were always obtained.

The data shown in Table V, which were obtained with reducing
hexoses in order to demonstrate .their interference,"are the ex
tinctions found upon treating 0.01 M solutions of the sugars as
described in the above procedure. The color obtained with galac
tose was brown; however, the glucose color was reddish purple,
resembling very much the formaldehyde color. .

DISCUSSION

It must be concluded from the near-congruency of their spectra
that the dyes produced from diacetyl and formaldehyde are very
probably of the same structure. Moreover, the most logical
explanation for this structural identity is that, under these condi
tions, one mole of diacetyl is oxidized by the sulfuric acid with
the production of one mole of formaldehyde, as is shown in
Equation 1. This is borne out by the extinction data and by
the fact that non-oxidizing acids produce relatively little effect.
Although the "normal" oxidation of an aliphatic a-diketone
(Equation 2) proceeds with great facility with most oxidizing

CH:=CCOCH. + 2[0]~ CHIO + CHI COC02H (1)

6H

(1)
(2)

(3)
(4)

(5)
(6)
(7)

(8)

(9)

(10)

(11)
(12)
(13)
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Estimation of Ascorbic Acid in Food Preparations
SAMUEL A. GOLDBLITH AND ROBERT S. HARRIS

Massachusetts Institute of Technology, Cambridge 39, Mass.

The dinitrophe~ylhydrazineand indophenol Illcth
ods are equally valid for Illeasuring the ascorbic acid
content of garden-fresh vegetables. More than
90% of the ascorbic acid in garden-fresh plant Illate
riats studied was in the reduced forIll. Garden
fresh vegetables, slurried with 4 parts of 0.5% oxalic
acid and stored for as long as 2 weeks at rOOIll teIll
perature (70-77° F.), Illay be assayed by the indo
phenol Illethod to deterIlline the ascorbic acid and

OF THE various chemical methods that have been proposed
for the assay of ascorbic acid, the indophenol method with

modifications has been the most widely used. More recently, Roe
and Oesterling (10) proposed a method based on the coupling of
dehydroascorbic acid with 2,4-dinitrophenylhydrazine. ,The
osazone dissolves in sulfuric acid to form a colored complex, the
intensity of which serves as an indicator of the amount of ascorbic
acid present.

However, these methods for the determination of vitamin C in
foods must be applied with a clear understanding of'interfering
substances occurring naturally, or those derived from ,ascorbic
acid itself. On the one hand, Tuba et al. (11), Harris and Olliver
(2), and others have shown that the indophenol technique
measures biologically active ascorbic acid in all foods tested, but
that this reaction gives no indication of what the original ascorbic
acid content of foods might'have been in foods that are not fresh.
Because it is only seldom that garden-fresh foods are taken for
analysis, this latter point may be of extreme importance in judg
ing data on foods of unknown history. On the other hand,
Penney and Zilva (6) have confirmed the work of Herbert et al.
(S), showing that ascorbic acid, in vitro, is easily oxidized to de
hydroascorbic acid, which mutarotates to biologically inactive'
2,3-diketogulonic acid., Similar products are formed in living
plant materials by enzyme systems or by autoxidation. Penney
and Zilva further showed that dinitrophenylhydrazine couples
with !-ascorbic acid, and dehydroascorbic acid, and 2,3-diketo
gulonic acid, and (7) that the Roe and Oesterling method meas-

dehydroascorbic acid content at the dIlle of assay,
and by the dinitrophenylhydrazine method to deter
Illine the biologically active ascorbic acid at the
tiIlle of harvesting. For longer storage tiIlles, lower
teIllperatures of storage Illust be used. The ascorbic
acid content of garden-fresh edible plants Illay be
m.easured in a laboratory reIllote froIll the harvest
area. Both Illethods Illay be eIllployed to establish
the freshness of vegetable foods.

ures araboascorbic acid, glucoascorbic acid, and diketogulonic
acid as well as l-ascorbic acid. Pijoan and Gerjowich (8) found
that the Roe and Oesterling procedure would measure ascorok
acid together with other inactive compounds, one of which was
believed to be 2,3-diketogulonic acid. Similar observations were
made by Guild etal. (1).

The observations summarized above suggest that a con
current use of these two methods might give not only information
on the biological potency of a plant food at the time of analysis,
but also an indication of the original potency of this food when
taken from the soil. A series of experiments was designed to test
the validity of these concepts.

These experiments were also planned to provide supplemental
data on the proper method for the extraction and stabilization of
ascorbic acid from plant materials, with particular reference to
oxalic acid. In a study of thirteen acids, Ponting (9) found that
0.2% oxalic acid and 0.5% metaphosphoric acid were most suit
able for stabilizing pure solutions of ascorbic acid. He recom
mended the use of twice this concentration of oxalic acid to
stabilize ascorbic acid in food extracts. In the present study,
0.5% oxalic acid wl)-s used throughout.

EXPERIMENTAL

The dinitrophenylhydrazine and indophenol methods were used
in this study. [In this paper dinitrophenylhydrMine method
refers to the Roe and Oesterling procedure (10) and indophenol

Table I. Ascorbic Acid Content of Stored Food Slurries as, Measured· by Dinitrophenylhydrazine and Indophenol
Reactions

[Garden-fresh foods were slurried with 0.5% oxalic acid (acid to food ratio. 7 to 1). filtered. and stored at room temperature (70 0 to 77 0 F.) I
Dinitrophenylhydrazine Reaction, Indophenol Reaction, Mg. %

Total Ascorbic Acid. Mg, % Total Ascorbic Acid Reduced Ascorbic Acid
Broccoli Broccoli Broccoli Broccoli

Cabb~ge
Broccoli Broccoli

Day Cabbage Chard Spinach leaves blossoms Cabbage Chard Spinach leaves blossoms Chard Spinach leaves bloSSOII1B'

0 78.8 63.7 112.5 146.0 181.1 85.9 • 66.0 114.1 164.0 192.0 77.1 50.0 79.9 138.5 176.8
1 76.8 66.8 106.4 158.6 194.4 80.7 61.9 98.0 154.1 182.0 74.0 54.6 95..4 134.4 174.2
2 76.8 65.6 106.2 154.8 184.0 50.0 25.3 56.6 103.2 115.5 44.7 17.3 53,3 94.4 105.4
7 76.8 60,0 101.6 151,9 181.1 41.5 30.0 65.3 110.4 125.0 35.5 10.7 30.1 87.2 100.&

Radish Radish Lemon Radish Radish Lemon Radish Radish Lemon
roots Lettuce Turnip _Tomatoes greens juice roots Lettuce Turnip Tomatoes greens juice roots Lettuce Turnip Tomatoes greens juice·

0 20.5 6.6 57.6 112 64.0 34.5 18.9 5.3 55.4 16.5 66.9 37.6 16.0 2.3 51.2 11.7 59.7 33.7
2 20.4 6.2 58.6 13.1 68.0 36.6 17.8 3.6 57.0 14.5 64.0 39.3 14.8 2.3 47.5 11.2 55.3 34.3
6 20.3 5.8 59.2 14.1 69.5 38.8 15.0 3.2 47.3 1&.0 61.3 45.2 9.2 a 39.0 8.2 40.3 24.0

13 18.7 6.6 60.8 13.9 64.0 37.6 11.5 4.1 44.3 14.7 49.4 38.0 2.2 a 27.6 5.0 23.4 29.7
24 16.5 4.4 47.2 13.3 62.3 32.8 3.9 1.6 24.4 6.0 19.4 30.6 a a 15.0 a 3.3 7.4
31 13.3 1.2 47.3 10.4 54.2 29.2 2.2 0.7 13.3 3.0 9.2 12.3 a 2.4 a 3.7 2.7

0 14.4 17,6 26.1 17.2 16.7 22.4 12.8 14.0 18.7
2 13.9 16.4 24.0 13.5 13.7 20.6 10.3 11.0 15.3
4

13:9 16: 1
17.0 16.0

19:0
9.0 11.0 11.7

7 23.2 12.0 15.0 7.& 8.5 10.0
12 14.1 14.4 20.6 6.6 7.7 6,7 3.2 6.1 2.7
14 14.9 16.5 24.8 5.9 9.5 8.0 3.0 5.6 1.7
20 13.9 16.3 22.4 3.5 5.3 4.1 0.7 2.1 1.9
22 14.4 14.6 25.9 3.8 5.0 4.7 0.8 2.4 G.
27 13.9 12.0 23.6

a Too low to read.
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Table II. Ascorbic Acid Values of Garden-Fresh Foods

method to the Hochberg, YIelnick, and Oser (4) method for
vitamin C assay.] As it bad already been established that the
indophenol method measures the biologically active ascorbic acid
in a large number of garden-fresh foods (2, 11), the first part of this
investigation was designed to determine whether the dinitro
phenylhydrazine method also measures active ascorbic acid in
garden-fresh foods.

Garden-fresh samples of cabbage, Swiss chard, spinach,
broccoli, radish roots, tomatoes, lettuce, and turnip were ob
tained from a local grower and slurried with 7 parts of 0.5%
aqueous oxalic acid in a Waring Blendor. The slurries were then
filtered through a double layer of cheesecloth, distributed in a
series of 6-ounce amber bottles, preserved with 2 m!. of chloro
form, and stored at 70° to 77° F. At various time intervals, sam
ples of each food were opened, the contents filtered, and aliquots
assayed by the two methods mentioned above (Table I). New
samples were used for successive analyses.

The efficiency of oxalic acid as an extractant and stabilizer was
studied by slurrying samples of garden-fresh radish greens with
0.5, 1,·2, and 4 parts of 0.5% oxalic acid. Extracts of each sam
pIe were placed in six bottles, and 2 m!. of chloroform were added.
As each sample was taken for analysis, it was filtered and assayed
by both methods (Table IV).

The effect of storage temperature was determined on market
samples of cucumbers, bell peppers, and Tadishes, treated as
above and stored at 86°,70 ° to 77 °,41°, and -10 ° F. (Table V).

Food

Cabbage
Chard
Spinach
Broocoli leaves
Broccoli blossoms
Radishes
Radishes
RadieR greens
Radish greens
Turnips
Tomatoes

Dinitrophenyl
hydrazine
Reaction

Mg. %
78.8
63.7

112.5
146.0
181,1
20.5
14.4
64.0
26.1
57.6
17.6

Indophenol
Reaction

Mg. %
'85.9
66.0

114.1
164.0
192.0
18.9
17.2
66.0
22.4
55.4
16.7

hydroascorbic acid present. It indicates that the· ascorbic acid
in oxalated slurries was oxidized almost completely to dehydro
ascorbic acid within 21 days. As measured by the indophenol
technique, the ascorbic acid and dehydroascorbic acid present at
the end of 21 days did not equal the total vitamin' C in the food
when garden-fresh, however. The values obtained by the
dinitrophenylhydrazine method remained constant over a period
of 14 days. In other words, the dinitrophenylhydrazine method
under proper conditions will give, in stored foods, the ascorbic
acid content of these foods when they were fresh. Consequently,
accurate estimations of ascorbic acid in vegetables, may be
carried on in laboratories remote from the harvest area. These
results also confirm the statement of Pijoan and Gerjowich (8)
that the dinitrophenylhydrazine method measures compounds
other than ascorbic acid, among which may be diketogulonic
acid.

The ascorbic acid in different vegetables is not oxidized at the
same rate. This may be attributed to the degree of maturity an(i
to differences in the enzyme systems which operate at rates
peculiar to each vegetable.

The data in Table IV show the effect of different ratios of
0.5% oxalic acid to food on the stabilit· of the extracted ascorbic
acid. With ratios of 2 to 1 and lower, there was a rapid loss in
"ascorbic acid," as measured by the dinitrophenylhydrazine
method. This loss increased with a decrease in oxalic acid con
tent. The results obtained by the indophenol method indicate
that insufficient 0.5% oxalic acid solution was used, for no re
duced a~corbic acid could be detected when the lower ratios of
acid to food were used. There is evidence that some oxidation
to dehydroascorbic acid and beyond, probably to diketogulonic
acid, occurred during slurrying.

As the ratio of 0.5% oxalic acid to food was increased above
2 to 1 the reduced ascorbic acid value increased, and the ratio of
dehydroascorbic acid to total ascorbic acid decreased. Al
though Loeffler andPonting (5) recommended a ratio of at least
7 to 1, the results in Table IV indicate that a 4 to 1 ratio is
sufficient to prevent oxidation beyond diketogulonic acid.during
storage for at least 14 days at room temperature.

DISCUSSION

Garden-fresh radi&h greens slurried with varytng ratios of 0.5% oxalic acid and stored at
room temperature (70 0 to 77° F.)

Total Ascorbic Acid. Mg. % Reduced Ascorbic Acid.
Dinitrophenylhydrazine Indophenol Reaction.

Reaction Indophenol Reaction Mg. %
Ratio of Acid to Food

a Too low to read.

Table III. Ascorbic Acid Occurring as Dehydroascorbic
Acid in Filtrates of Oxalic Acid Slurries of Foods Stored at

ROOln Telllperature (70° to 77° F.)
(Calculated from data in Table I)

Total Ascorbic Acid. Per Cent

Food 0 2 6 13 24 31

Radish 15.1 16.8 38.9 80.0 91.6 100.0
Lettuce 57.2 29.2 95.9 100.0 100.0 100.0
Turnips 7.5 16.7 17.7 37.8 38.6 89.2
Tomatoes 29.2 23.0 54.7 66.0 83.3 100.0
Radish tops 10.8 13.5 34.2 52.6 82.8 70.7
LemonjulCe 10.4 12.7 46.9 21.9 75.9 77.7

Day
0 2 7 12 14 20 22

Radish 25.5 23.7 34.8 51.1 49.1 79:6 79.4
Tomatoes 16.2 19.7 43.3 21.5 41.2 60.8 51.2
Radish tops 16.5 25.8 47.4 60.2 79.2 53.8 100.0

0.5:1 1 :1 2:1 4:1
a 12.3 38.2 44.6
a a 26.2 30.9

a a 4.7 7.2

Day

0.5:1 1:1 2:1 2:1

39.6 40.6 50.4 52.2
13.6 17:9 38.5 45.1

2:7 6.7 22.6 25.5

Ascorbic Acid Content of Stored Food Slurries

1 :1 2:1 :4:1

42.2 40.9 46.9

44.8 41.3 47:6
39.2 41.1 47.6
22.8 34.7 45.0
25.2 34.3 45.5

0.5:1

43.1

41.1
30.1
15.8
15.4

Table IV.

Day

o
2
5
7

13
14

The main purpose of this study was to determine whether
values for ascorbic acid obtained by the dinitrophenylhydrazine
method (10) on acid slurries of foods kept in storage for days or
weeks could be used as indexes of the ascorbic acid content of the
same food when it was fresh.

To facilitate a comparison of the results obtained by the
dinitrophenylhydrazine method and the indophenol method on
garden"fresh foods, Table II has been compiled from Table, I.
It appears that both the indophenol and dinitrophenylhydtazine
methods measure the vitamin C potency of garden-fresh foods.
It a1so.follows that the garden-fresh foods used in this sttidy con
tained only reduced ascorbic acid and dehydroascorbic acid, as the
dinitrophenylhydrazine method values agree with those ob
tained by the indophenol method which others have shown to
measure only ascorbic and dehydroascorbic acids
(2, 11Y. The results on eight of the eleven sam-
ples fall within the limits of accuracy of the two
methods. When the statistical "F" distribution
test was applied, the results obtained by both
methodsshowed complete homogeneity. The re
~ults with broccoli leaves, one sample of radish,
and one sample of radish greens did not fall within
this range. Possibly the results with radish and
radish greens are due to technical errors, because
other samples of this vegetable were found to be
nearly the same by both methods.

Table III, calculated from the results in
Table I (second and third sections), shows
the relative amounts of ascorbic acid and de-
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TableV. Effect of TeIIlperature of Storage on Ascorbic
Acid Content of Stored Food Slurries

Btorage Ratio of Acid to Food
Temp., 4:1 7:1 4:1 7 :1 7:1

OF. Day Cucumbers Peppers Radishes
Mg. % Mg. % Mg. % Mg. % Mg. %

0 7.8 8.6 116.9 126.6 24.8
7 9.5 9.6 102.8 136.0 24.4

70-77 14 8.3 8.4 112.0 112.0 20.8
45 1.5 4.4 50.7 8.6

0 7.8 8.6 116.9 126.6 24.8
86 7 9.1 9.3 100.4 122.8 20.8

14 6.4 6.7 91.0 108.0 18.4

0 7.8 8.6 116.9 126.6 24.8
41 7 9.9 9.4 106.1 132.0 22.5

14 9.5 9.6 134.1 129.4 24.0
45 10.9 119.0 24.8

0 7.8 8.6 116.9 126.6 24.8
7 9.1 8.9 111.0 138.5 24.4

-10 14 9.0 9.3 107.1 131.0 23.4
45 .. .

24:677 8.9 9.0 111.5 128.0

The effect of storage at different temperatures upon the ascorbic
acid values of radish greens as measured by the dinitrophenyl':
hydrazine reaction is shown in Table V. When samples were
stored at 86 0 F. for 14 days, there was an 18 to 26% loss of
"ascorbic acid," as measured by the dinitrophenylhydrazine
method. At room temperature, there was no loss during 14 days'
storage, at 41 0 F. no loss during at least 6 weeks' storage, and at
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-10 0 F. no loss during at least 11 weeks' storage. If accurate
estimations of ascorbic acid in food extracts are to be made, the
influences of time and temperature of storage must be considered.

Inasmuch as the indophenol and dinitrophenylhydrazine
methods agree when used to measure ascorbic acid in ground
fresh plant materials and disagree more and more during storage
after the plant is taken from the ground, these methods should
prove useful in checking the 'freshness of perishable vegetables.
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Determination of SIMII Amounts of Ethyl Ether in
Ethyl Alcohol

W. E. SHAEFER

Hercules Experiment Station, Hercules Powder Company, Wil,nington 99, Del.

A sim.ple distillation procedure for the deterIIlination of 0.0 to 2.0% of ethyl
ether in ethyl alcohol is described. Results found after"the application of appro
priate correction values are accurate within 0.05% of the weight of the saIIlple.
The presence of up to 0.50/0 of benzene in the alcohol does not affect the accuracy
of the results.

I N THE manufacture of solvent types of smokeless powder dur
ing World War II, large quantities of ether-alcohol solutions

had to be recovered and separated into their components by dis
tillation. :The recovered alcohol contained 5 to 7% water, 0 to
0.4% benzene, and 0 to 2% ether. For certain operations, it was
necessary to use alcohol containing as little ether as possible;
hence, an accurate method to determine small amounts of ether
in recovered alcohol of the foregoing composition was needed.

Binary mixtures. of alcohol and ether can be analyzed by the
critical miscibility method of Kubias (1). The petroleum ether
extraction procedure of Masson and McEwan (2) and the recently
published density-refractive index method of Scott (3) are suit
able for ternary mixtures of alcohol, ether, and water. None of
the foregoing methods, however, can be used when benzene is
present.

The distillation method for determining substantial amounts of
ether in alcohol, previously described by the author (4), has been
modified to make it suitable for the determination of small
amounts of ether. Water and 0.5% or less of benzene do not inter
fere.

APPARATUS

The apparatus consists of a I-liter round-bottomed flask into
which a 3-bulb Snyder column is fitted tightly with a rubber

stopper. The outlet of the column is connected to a condenser
which is arranged vertically and attached to a suitable receiver.
The manner of loosely attaching the receiver to a vacuum line, of
cooling the lower bulb of the column with an air stream, and of
arranging the thermometer to measure the vapor temperature at
the top of the column has been described (4). The flask is heated
by a hemispherical Glas-Col heating unit controlled by a 5-ampere
Variac.

PROCEDURE

Place a weighed sample of about 630 ml. (about 500 grams) in
the flask, and add about 250 ml. of water and a few particles of
Carborundum.

In case it is estimated that less than 0.2% ether is present, add
2.00 ml. of ether to the sample. This may be readily accomplished
by using a 2-ml. pipet which has just been chilled by rinsing with
ether and then blowing air through it for a few seconds. A 2-ml.
pipet cooled in this manner will deliver 1.38 grams of ether,
which will increase the ether content of the standard sample
by 0.28%. The addition of some of the substance being deter
mined in an analytical procedure is always to be deplored, but
in this case it is required to make the method function in the very
low range of ether content.

Attach to the flask a 3-bulb Snyder column bearing a thermom
eter. Weigh the system consisting of flask, sample, added water,
column, thermometer, and stoppers on a suitably identified cork
ring to the nearest 0.1 gram, using a good torsion balance. Place
a hemispherical Glas-Col heating 'mantle in position under the
flask, direct a strong jet of air against the base ofthe column, and
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flask or by int.erposingasmall
watch glass between the end
of the air outlet tube and the
column for a few seconds.
. Lower the heating mantle.

disconnect the apparatus, and
weigh the system to the near
est 0.1 gram.

CALCULATION

If no ether was added
before distillation, the results
may be calculated as follows:

To the uncorrected per cent ether is appl1ed the correction value
read from a curve similar to Figure 1 which was constructed from
data obtained by the distillation of 500-gram portions of alcohol to
which known amounts of ether have been added. The known
mixtures were prepared by adding ether from a Smith buret
weighed to the nearest 0.01 gram and applying'a correction in
each case for the 0.02 gram of ether that is lost from such a weight
buret when the reservoir is removed from' its base.

If 2.00 ml. of ether were added to the sample prior to the dis
tillation, the per cent ether is calculated as described above, a cor
rection read from the curve in Figure 1 is applied, and from the
result so obtained 0.28% is deducted to give the ether content, of
the original sample.

Loss in weight of system X 100 o-t th t d
Weight sample of alcohol = /0 e er, uncorrec e

+0.04
-0.02
-0.04
+0.05
+0.02
+0.01
-0.04
+0.01
+0.04
+0.02
-0.03

Difference

%

Ether
Found,

Corrected
%

1.98
1.98
0.99
0.54
0.33
0.24
0.39
0.79
1.48
0.70
1.26

Ether
Found,

Uncorrected
%

2.34
2.34
1.21
0.58
0.27
0.16
0.36
0.92
1.82
0.81
1.57

Ether
Present

%
1.94
2.00
1.03
0.49
0.31
0.23
0.43
0.78
1.44
0.68
1.29

Table I. Analysis of Ether-Alcohol Solutions of Known
COInpositions by Proposed Method

Correction
Value

Read from
Curve in
Figure 1

%
-0.36
-0.36
-0.22
-0.04
+0.06
+0.08
+0.03
-0.13
-0.34
-0.11
-0.31

heat the sample rapidly (approximately 10 minutes) to incipient
boiling. Then lower the heating mantle and decrease its heat
until it is just warm enough to permit gentle refluxing of con
densed vapor from the lowest bulb of the column. Replace the
heating mantle and allow the distillation to proceed slowly (ap
proximately 0.5 to 5 minutes) until the vapor temperature
reaches 52° C. Maintain the vapor temperature at 52° ='=2° C.
until the distillation rate falls below 3 drops per minute and then
for an additional 10 minutes. If the initial rate of distillation
never exceeds 3 drops per minute in the 50 0 to 54 ° C. vapor tem
perature range, continue the distillation within this range 20
minutes from the time the vapor temperature first reached 52 0 C.

Under the foregoing conditions, a small and reasonably con
stant amount of alcohol, for which a correction can be applied,
will be distilled. The distillation temperature is controlled chiefly
by adjusting either the Variac or the air jet. It can be raised
slightly either by placing a towel around the upper half of the

APPLICATION OF METHOD

The results found when the foregoing procedure was applied to
known mixtures of ethyl ether in 2B ethyl alcohol, which contains
0.5% benzene, are shown in Table I.
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1,2·CYCLOHEXANEDIONE DIOXIME
A Reagent for Palladium

ROGER C. VOTER, CHARLES V. BANKS, AND HARVEY DIEHL

The Institute for AtOlnic Research and the Department of Chemistry, Iowa State College, Ames, Iowa

THE preparation of 1,2-cyclohexanedione dioxime, nioxime,
. and its use in the analytical chemistry of nickel have been

reported (1, 4). Nioxime also yields an insoluble yellow com
pound with palladium which can be used for the detection and
determination of this metal. This reagent offers several ad
vantages over dimethylglyoxime as a precipitant for palladium.
Nioxime is soluble in water, in contrast to dimethylglyoxime
which must be made up in alcohol or acetone, and the possibility
of contamination of the palladium precipitate with excess reagent
is eliminated. Palladium nioxime is very insoluble and may be
filtered from a hot solution after a brief digestion period, whereas
in many procedures it is recommended that the palladium di
methylglyoxime precipitate be allowed to cool and stand for
long periods to ensure complete precipitation (2, 5). Thus the

nioxime procedure effects a great saving of time with no sacrifice
of accuracy.

REAGENTS

An 0.8% aqueous solution of nioxime was used. A standard
palladium solution was prepared from commercial palladium
chloride. This salt was. purified by first precipitating out
platinum as ammonium chloroplatinate (3) and then precipitating
the palladium as palladium dimethylglyoxime.This complex was
destroyed with aqua regia and the solution evaporated to near
dryness five times with concentrated hydrochloric acid to
eliminate nitrate ions. The palladium content of the diluted
palladium chloride solution was determined by precipitating the
palladium in weighed amounts of this solution with dimethyl
glyoxime. These solutions were allowed to stand overnight .to
ensure complete precipitation of the palladium dimethylglyoxime.
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The water-soluble 1,2-dioxhne, 1,2-cyclohexanedione dioxim.e, called nioxim.e,
yields a yellow precipitate with divalent palladium.. This precipitant can be
used as a qualitative and quantitative reagent for the palladium. ion and offers
several advantages over its analog, dim.ethylglyoxim.e. Palladium. nioxim.e can
be filtered from. a hot solution after a brief digestion period, thus effecting a
considerable saving of tim.e. Qualitatively, nioxim.e is a m.ore sensitive reagent
fo,.. palladium. than dim.ethylglyoxim.e.
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The results of this standardization are given in Table 1. A por
tion of this solution was evaporated to dryness and the residue
spe.ctrographicallY analyzed. Calcium, magnesium, aluminum,
silicon, copper, chromium, barium, boron, and platinum were
found to be present in less than 100 p.p.m. quantities, while only
traces of manganese, silver, zinc, and nickel were found. Iridium,
osmium, gold, rhodium, and ruthenium were not detected.

Table I. Standardization of Palladium. Solution with
Dim.ethy1glyoxim.e

Palladium
Solution Palladium

Trial Taken Precipitate Palladium in Solution
Grams Gram Gram G'/g.

1 20.30' 0.1277 0.04044 0.001992
2 19.03 0:1197 0.03791 0.001992
3 21.70 0.1367 0.04329 0.001995

Av. 0.001993

SENSITIVITY

Two series of five palladiuni solutions were made up in 100
mL volumetric flasks with concentrations ranging from 1 to 10
parts in 10,000,000. To one series of solutions was added 1
mL of nioxime solution, and to the other, 1 m!. of 1% dimethyl
glyoxime in alcohol followed by vigorous shaking. Observations
made about 5 minutes after the addition of the reagent showed
that the palladium solutions of 10, 7, and 5 parts in 10,000,000
which contained nioxime, exhibited a slight yellow coloration,
while' the corresponding concentrations of palladium with
dimethylglyoxime did not. After standing several hours, pre
cipitates were noticeable in the flasks containing the higher con
centrations in each of the series. Thus, it can be concluded that
nioxime is a more sensitive qualitative reagent for palladium ions
than dimethylglyoxime. In making the test care should be
exercised and the weakly colored precipitate allowed to coagulate
before a definite conclusion is drawn.

GRAVIMETRIC DETERMINATION OF PALLADIUM

Although palladium nioxime, Pd(C.HsOzNz)z, is formed by the
union of one palladium ion with two molecules of nioxime with
the liberation of two hydrogen ions, it is precipitated from a dilute
mineral acid solution. Quantitative precipitation is obtained
at pH values from 0.7 to 5 but is not assured at pH values below
0.7.

The effect of various anions upon the determination of palla
dium was investigated. In the cases of sulfate and nitrate,

Table II. Effect of Various Anions upon Determ.ination of
. Palladium.

Anion Palladium Weight of Palladium
Present Anion Taken. Precipitate Found Error

Gram Gram Gram Gram Mg,

Chloride 0.5 0.0107 0.0391 0.0107 0.0
0.5 0.0122 0.0445 0.0122 0.0

Sulfate 1.0 0.0127 0.0461 0.0127 0.0
1.0 0.0119 0.0437 0.0120 +0.1

Nitrate 1.0 0.0117 0.0427 0.0117 0.0
1.0 0.0126 0.0470 0.0129 +0.3

Acetate 1.0 0.0130 0.0483 0.0.133 +0.3
Tartrate 1.0 0.0121 0.0439 0.0120 -0.1
Sulfosalicylate 1.0 0.0120 0.0438 0.0120 0.0

the chloride ions were expelled by evaporation with the respective
acid before addition of the ammonium: salts. A small amount of
chloride was present in samples to which ammonium acetate,
ammonium tartrate,and sulfosalicylic acid were added. Results
obtained indicate that these anions do not affect the determina
tion (Table II).

A series of determinations conducted in order to observe the
effect of varying excesses of nioxime indicated that as much as
150% excess reagent could be added without affecting the
accuracy of results obtained (Table III). The minimum excess of
nioxime recommended is 30%, which is 0.43 mL of reagent per
milligram of palladium ·present.

Determinations conducted on a series of different size'd samples
indicated that palladium could be successfully determined over a
range of 6 to 30 mg. However, filtration becomes somewhat
difficult with the larger samples (Table IV).

RECOMMENDED PROCEDURE

Adjust the volume of the solution containing from 5 to 20 mg.
of palladium to approximately 200 mL The pH of the solution
may vary from 1 to 5, depending upon other cations present.
Heat the solution to about 60°. Add slowly from a pipet with
stirring 0.43 mL of 0.8% nioxime for each milligram of palladium
present. Digest the solution with occasional stirring for 30
minutes at 60°, filter through a weighed filter crucible of medium
porosity, and wash with five portions of hot water. Dry at 110°
for 1 hour and weigh. The factor for palladium is 0.2743.

Table III. Effect of Excess Nioxim.e upon Determ.ination
of Palladium.

Excess of
Nioxime Palladium Weight of Palladium

Trial Added Taken Precipitate Found Error
% Gram Gram Gram Mg.

1 30 0.0126 0.0462 0.0127 +0.1
2 60 0.0133 0.0481 0.0132 -0.1
3 100 0.0128 0.0467 0.0128 0.0
4; 150 0.0125 0.0456 0.0125 0.0

Table IV. Determ.ination of Palladium.
Palladium Weight of Palladium

Trial Taken Precipitate Found Error
Gram Gram Gram' Mg.

1 0.0065 0.0240 0.0065 0.0
2 0.0121 0.0444 0.0122 +0.1
3 0.0185 0.0672 0.0184 -0.1
4 0.0268 0.0970 0.0266 -0.2

Table V. Determ.ination of Palladium. in Presence of
Platinum.

Platinum Palladium Weight of Palladium
Trial Present Taken Precipitate Found Error

Gram Gram Gram Gram Mg.

With Nioxime

1 0.010 0.0112 0.0412 0.0113 +0.1
2 0.025 0.0118 0.0436 0.0120 +0.2
3 0.040 0.0130 0.0479 0.0131 +0.1
4 0.050 0.0132 0.0487 0.0134 +0.2
5 0.100 0.0114 0.0423 0.0116 +0.2

With· Dimethylglyoxime

6 0.040 0.0133 0.0421 0.0133 0.0
7 0.100 0.0140 0.0446 0.0141 +0.1
8 0.100 0.0113 0.0355 0.0112 -0.1
9 0.050 0.0140 0.0447 0.0142 +0.2
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Table VI. DeterD:liDlltion of PalladiuID in Presence of
Various Cations

Cation Palladium Weight of Palladium
Present Cation Taken Precipitate Found Error

Gram Gram Gram Gram Mg.
Ura,nyl 0.030 0.0127 0.0468 0.0128 +0.1

0.070 0.0117 0.0430 0.0118 +0.1
Ruthenium 0.010 0.0135 0.0501 0.0137 +0.2

0.025 0.0125 0.0460 0.0126 +0.1
Beryllium 0.015 0.0'117 0.0428 0.0117 0.0

0.035 0.0130 0.0472 0.0130 0.0
Sodium
Potassium
Lithium 0.05 each 0.0135 0.0494 0.0136 +0.1Barium
Strontium
Calcium
Aluminum
Lanthanum 0.05 each 0.0119 0.0428 0.0121 +0.2Zinc
Cadmium

The determination of palladium in the presence of platinum
was investigated. The separation was effected by simply using
the procedure outlined above. The filtrates containing the
platinum and excess nioxime yielded a blue precipitate only upon
standing more than 24 hours after filtration (Table V). Deter
minations of palladium in the presence of platinum with di-
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methylglyoxime are also included in Table V. In these deter
minations the solutions' were digested for 30 minutes at 60 0

and then allowed to cool for 1 hour before filtration. Spectro
graphic analyses of the decomposed precipitates from trials
5 and 7 revealed a stronger platinum line in the case of the
dimethylglyoxime separation than when nioxime was used.

Palladium was determined in the presence of uranyl, beryllium,
ruthenium, aluminum, lanthanum, ziqc, cadmium, alkali, and
alkaline earth ions (Table VI). Nioxime yields a precipitate
with aurous ion at 60 0 which is contaminated with metallic gold.
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Analysis and Composition of Lead Dioxide
ROLLIN G. MYERS', United States Navy Yard, Cavite, Philippines

COlll.plete analyses of four salll.ples of reagent grade lead dioxide have been lll.ade,
including total water and parallel assays by the standard Diehl-Topf lll.ethod.
The Kinch form of stating cOlll.plete analyses is favored by the author.

I K SEVERAL complete analyses of lead dioxide and sulfate
mixtures by the Diehl-Topf method (9), the summations were

considerably less than 100% in spite of liberal allowances for
'common errors of analysis. The supposition that the figures for
the main constituent, lead dioxide, were low was confirmed by
checking against Kahlbaum's Bleisuperoxyd.

Three reported analyses of reagent grade lead dioxide by the
Lux method (18) showed undetermined matter ranging from 4 to
8%. This seemed excessive. The author felt that neither the
Diehl-Topf nor the Lux method had the order of accuracy
achieved by volumetric procedures-for example, the perman
ganate methods for iron, manganese, and antimony. Conse
quently, the literature was carefully reviewed.

Kinch (14) was probably the first chemist to report an ap
proximately complete gravimetric and volumetric analysis of
mineralized lead dioxide, plattnerite. Similar but detached con
tributions have been made (2, 10,29).

From 1880 (18) to 1937 at least 18 volumetric method assays of
manufactured lead dioxide were reported, but Pamfilov. and
Ivanceva (23) and LeBlanc and Ebereus. (15) found all unsatis
factory. Mrgudich and Clark (20), who checked the methods
with Merck's reagent lead dioxide, obtained low results from all
but the Diehl-Topf method (9)-average 96.5%-which they
considered accurate. They also modified the Lux method (18)
and obtained an average of 96.5%, but did not account for the
undetermined matter that varied from 3.1 to 3.5%.

Summing up, volumetric assays of lead dioxide appear ques
tionable. Evidently lead dioxide presents a real problem involv
ing composition and structure.

The author concluded that complete gravimetric analyses
offered the best means of obtaining a more truthful perspective

1 Present address, 6030 S. E. Johnson Creek Blvd., Portland 6, Ore. The
Ca"ite Chemical Laboratory was closed indefinitely after Dec. 10, 1941.

of the composition and nature of lead dioxide, while parallel
assays by the (Diehl-Topf) method and its active oxygen (Kinch)
would serve as valuable adjuncts.

EXPERIMENTAL

Materials Used. Four samples of reagent grade lead dioxide
were selected. (1) Kahlbaum's Bleisuperoxyd, an anodic di
oxide prepared according to the method of Dennstedt and Hassler
(8). The color was dark chocolate brown and the particles were
hard and dry. (Z) An American product probably anodic and
indistinguishable from (1) in physical properties. (3) A later
American product (1925?), not anodic and advertised to contain
96.5% lead dioxide. The color was lighter than (1) and under
the knife the sample was soft and plastic. (4) This sample
(1937) was closely similar to (3) but differed in the stated analy
sis-i.e., "non H 2S substance--o.40, acid-insoluble--o.10, H,S
metals (not Pb)-0.02, Fe-0.005, Mn--o.003, SO,--o.002,
C03-O.003, N03-O.005, CI--o.00l5, and PbO,-91.4%." Total
assay was 91.94%.

All the samples were homogeneous under the microscope and
the chemical properties were decidedly typical of lead dioxide.

Preparation of Material. The samples were carefully mixed in
their containers, then ground portionwise in.an agate mortar to
250- and 300-mesh and again thoroughly mixed.

Particular caution was used to avoid contamination with or
ganic matter and dust. All subsequent weighings were made from
the air-dried sample. . .

Assay of Free (Uncombined) Lead Monoxide. As there is no
direct method for the assay of lead monoxide, hot extractions
with a 10% lead nitrate solution were used, in general agreement
with Lowe (16) for red lead but modified for small quantities
(500.0 mg.) as described by West (28).

Lowe (16) found that 10 to 12% lead nitrate solutions dissolve
free lead monoxide and metallic lead and decompose lead car
bonate, but do not attack red lead. Lunge and Berl (17) con
firmed these findings experimentally.

The author found that all the lead could not be removed by the
modified procedure of West (16, 28); however, when the residues
wt>re boiled with an adclitional 25 ml. of lead nitrate solution and
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Table III. Average Diehl-Topf Assays of Lead Dioxide and
Active Oxygen (Kinch)

Samples

Table II. Final Averages of Total Lead froD1 Weighted
Assays

(Lead dioxide and lead monoxide calculated)
Samples

No. I, No.2, No.3, No.4,
Con.tituent % % % %

Totallead 86.14 85,71 85.02 84.25
Lead dioxide 99.44 98.95 98.15 97.27
Lead monoxide 92.79 92.32 91:58 90.75
Theoretical factors for lead dioxide and lead monoxide, 1.1544 and 1.0772.

Assay of Lead Dioxide by the Diehl-Topf Method. All stand
ardizations and titrations were made with a 50.0-mI. buret
graduated and calibrated twice at 30.0 0 C. The factor 0.1 N
sodium thiosulfate solution was standardized against 0.1 N
potassium permanganate solution in agreement with the pro
cedure of Hillebrand and Lundell (12) (Table III).

0.52
0.57

No.4,
%

90.33
6.05

No.4,
%

0.05

1.21
1.26

0.75
0.83

No.2, No.3,
% %

0.08 0.05

No. I,
%

0.08

0.65
0.73

Averaged Triplicate Assays of Acid-Insoluble
and Nonlead Substance

Samples

No.1, No.2, No.3,
Constituent % % %

Lead dioxide 96.46 95-.19 94.65
Active oxygen 6.43 6.38 6.40
Average deviation of duplicate and triplicate assays =0.1%.

Accuracy Weights of Sulfate, Molybdate, and Electrolytic
Methods. Mter over a year's intensive laboratory study of the
methods, and in agreement with Mellor (19), the author concluded
their relative weights of accuracy were in the ratio of 4 to 5 to I,
respectively.

The molybdate was favored over the sulfate method because of
closer checking of assays, lower lead factor, no lengthy evapora
tions, and less possibility and significance of losses during analy
sis. The considerably lower weighted electrolytic method
seemed justified on account of the high lead factor and low
initial weight taken. In addition, at least 30% of the assays
failed completely (Table II).

Assay of Acid-Insoluble and Nonlead Substance. The pro
cedure was in general agreement with the A.C.S. specifications (1)
but given sufficient latitude to include the practice of Hillebrand
and Lundell (12) and Noyes and Bray (22) for increased accuracy
of analysis.

Acid-insoluble included silica and silicates, nonlead substance,
and metals of the III, IY, and V groups (in part as oxides) with
smaller amounts of chloride, nitrate, carbonate, and sulfate.
No assays were made of the nonlead hydrogen sulfide metals be
cause of their minute quantity (Table IV). The deviations of
the separate assays from the average results were usually less
than ±O.02%.

Constituent

Acid insoluble
N onlead sub

stance
Total

Table IV.

washed with hot water (90 0 to 95 0 C.) before and after transfer to
the Gooch crucible, no 'lead was found in the final wash water.
The residues at 105 0 C. dried and extracted were then heated to
constant weight at 225 0 C. Boiling water blanks were also made
for the water-soluble 'and heat loss corrections at 225 0 C. of the
air-dried samples. The net loss after adding the heat and water
soluble corrections was regarded as free lead monoxide. The im
proved procedure described was employed throughout the assays
of the samples.

Sample 1 (500.0 mg.) was extracted several times, with a net
weight after correction of 500.1 to 500.3 mg., we,ll within the
range of experimental error and indicating no free lead monoXide.

When the improved method was checked against two synthetic
mixtures of sample 1 containing 4.13 and 12.13% pure lead
monoxide, 99.5 and 99.8% of the monoxide was extracted, thus
confirming the efficiency of the method.

As in sample 1, samples 2 and 3 after the assay corrections
Ehowed no appreciable net losses and consequently no free
monoxide.

When 500.0 mg. of sample 4 were extracted, the weights of
duplicate residues agreed closely. Heat and water corrections
were 3.6 and 3.1 mg., and the net loss was 9.1 mg. or 1.82% of free
lead monoxide.

The assays show that lead nitrate in 10% solution neither at
tacked lead dioxide nor the silicious and nonlead compounds con
tained. Evidently any net loss observed (sample 3) was due to
free lead monoxide.

Assay of Red Lead. In mixtures with lead dioXide there
appears to be no satisfactory method of assay. The nitric acid
processing during manufacture probably eliminates most of the
red lead (likewise the' monoXide), a supposition that neither
LeBlanc and Ebereus (15) nor Mrgudich and Clark (20) appear to
question in their published analyses of lead dioxide.

Chemical Decomposition of the Samples for Analysis. The
wetted samples were mixed with 5 to 6 m!' of nitric acid and 3 to
4 mI. of hydrochloric acid and concentrated to near dryness and
the residues were taken up in 10 to 12 mI. of boiling water. If the
samples proved refractory, the operations were repeated.

Assay of Total Lead. Reagent grade lead dioXide contains at
least 84% of lea<;l. Separate assays were therefore made by the
standard sulfate, molybdate, and electrolytic methods (Table I).
The results were averaged to obtain the highest accuracy for the
relatively large amount of the lead contained.

SULFATE METHDD.. The procedure of Hillebrand and Lundell
(12) was extended to the recovery of filtrate lead by electrolY!lis.

MOLYBDATE METHOD. Small quantities of calcium salts in
lead dioxide suggested slight modifications of the Hillebrand and
Lundell (12) procedure in agreement with Ibbotson and Aitchison
(13) and Scott (26). Two precipitations of lead molybdate
were made (increased ammonium salt) to obtain the normal lead
molybdate (27). The collected molybdate on a close Munktell
No. 00 filter after drying at 105 0 C. was ignited in a tared porce
lain crucible.

When the method was checked against test lead and two syn
thetic test lead mixtures containing 0.38 and 0.77% of calcium
oxide, 99.88,99.98, and 99.88%, respectively, of the lead introduced
was found, indicating no interference from the added calcium
salt.

ELECTROLYTIC METHOD. Experiments indicated that the
roughened laboratory platinum anodes would hold safely 85.0
mg. of lead dioxide. The empirical lead factor, 0.8620, was ob
tained by triplicate assays of 72.97 mg. of lead, calculated from
Baker's analyzed test lead and in close agreement with the pro
cedure of Hillebrand and Lundell (12). The assays of the sam
ples were made in a closely similar maimer.

Two to 8 assays were made per sample with a general average of
5. Deviations from the average value were greatest for the
sulfate ("=0.35%) and electrolytic ("=0.25%) and least for the
molybdate method ("=0.15%). Sample 3 showed the least
general deviatioll ("=0.15) irrespective, of the method used
(Table I).

Table I. Assays Qf TQtal Lead
Samples

No.1. No.2, No.3, 'No.4a,
M~hod % % % %

Sulfate 86.08 85.69 85.01 84.12
Molybdate 86.25 85.71 85.03 84.32
Electrolytic 85.90 85.83 84. 9(l 84. 17

a In sample 4, each result was corrected for 1.82% lead monoxide.

Assay of Total Water. Water in leaq dioXide was noted by
several chemists (4, 7, 8, 14, 21, 24, 25) including Kinch (14), who
probably first observed traces in plattnerite, and two others (4,
7) who proposed molecular water formulas, but obtained them by
indirect methods. However, no quantitative methods of assay or
analyses were reported.
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Deviations of the separate assays from averages were approxi
mately ±0.01 %; sample 4 (absorption method) maximum
±0.02%; sample 3 (Penfield method) one assay, maximum,
-0.06%.

In general agreement with (8) the total dioxide water was ex
pelled at 500 0

± 8 0 C. unless the nonlead substance exceeded
0.83% (sample 3) when the higher temperature 700 0 C. was re
quired with possible loss of alkali metal salt.

Residual water at 225 0 C. by heating to constant weight was
found to be 0.22% (average, 3 samples). Cumming and Kaye (6)
reported 0.25% at 200 0 C.

Evidently the hygroscopic water in lead dioxide varies with the
preparation, composition, and exposure to air, whereas that re
maining is so firmly bound that its loss occasions the disruptionof
the dioxide molecule.

Assay of C9mbined Oxygen, Excluding That from Impurities.
No planned assays could be made because of violent military
activities in the Cavite area and the loss of most of the samples.
Therefore, the combined oxygen was obtained indirectly from the
difference of the accurately determined constituents and 100; or
for No.1, 12.75; No.2, 12.70; No.3, 12.86; and No.4, 12.68%.

Oxygen Deficiency. The conclusion of Reinders and Ham
burger (24) that the empirical formula of lead dioxide is always
less than Pb0J.95 was confirmed by the recent findings of x-ray
diffraction analysis that solid lead dioxide had an oxygen de~

ficiency down t~ PbO!.66 without structure change (5).

Dennstedt and Hassler (8) found that lead dioxide parted with
a stably bound water of hydration at 350 0 C., but the small part
remaining parted only at the conversion temperature of red lead
450 0 to 500 0 C., an observation that suggested heating the
samples to 500 0 C. and measuring accurately the water evolved.

IMPROVISED ABSORPTION METHOD. An available electric steel
carbon combustion furnace was modified by replacing the first
Ascarite bulb (!tir-drying train) with one containing Anhydrone
and the second (afterbulb) with two Anhydrone U-tubes (stop
cocks) in series followed by a sulfuric acid bubbler with guard
tube.

The selected heating temperature, 500 0 ± 8 0 C. (middle of com
bustion tube) was easily maintained for 25 to 30 minutes by plac
ing two rheostats in series with the circuit. According to the
standard procedures, the apparatus was thoroughly dried out and
freed from leaks.

Repeated assays indicated definitely that 2-gram samples
(Silliman ware boat) when heated to 500 0 ± 8 0 C. for 20 minutes in
a current of dry air (4 to 5 bubbles per second) evolved all the
water (apparently) into the tared U-tubes. Obviously the ad
ditional weig):J.t of the tared U-tubes corrected for their average in
crease (blanks) represented the water evolved from the samples
(Table V).

Samples 1 and 2 on heating developed a yellowish red color;
samples 3 and 4 the typical red lead shade.

An experimental check of the results by the absorption method
was made by employing the Penfield method (3) for water in
rocks and highly recommended by Hillebrand and Lundell (11,
12).

PENFIELD METHOD. The required tubes (one to two absorption
bulbs) and capillary plugs were constructed of Pyrex (standard
design), heated with the rubber connectors to 105 0 C., and dried
in vacuo for 48 hours.

The ignition bulb containing the weighed sample (1 to 2 grams)
was heated gently at first and then increased to the maximum
temperature of the Tirrill flame, approximately 700 0 C. The re
maining operations were essentially the same as those described
in the standard procedure. Table V gives the average results of
duplicate and triplicate assays.

Average Total Water Assays by Absorption and
Penfield Methods

Samples

a Totals include combined assays of impurities and those of lead dioxide
by Diehl-Topf.

No.4,
%

No.3,
%

No.2,
%

No. 1.
%

0.73 0.83 1.26 0.57
0.38 0.76 0.86 0.68

1.82 (£ree

92.79
PbO)

92.32 91.58 90.75
6.43 6.38 6.40 6.05

100.33 100.29 100.10 99.87

CORlplete Analyses by COlllhining Gravillletric
with Volullletric Methods (Kinch)

Samples

Samples

Constituent
No. I, .N,%2, No.3, No.4,

% % %
Silicious 'and nonlead

substance 0.73 0.83 1.26 0.57
Total water 0.38 0.76 0.86 0.68
Lead dioxide 99.44 98.95 98.15 1.82 PbO

97.27
Total, gravimetric 100.55 100.54 100.27 100.34
Total, volumetrica 97.57 96.84 96.77 93.40

Lead monoxideG

Active oxygen
Total

a Calculated from total gravimetric lead by factor 1.0772.

Constituent

Silicious and nonlead
substance

Total water

Table VII.

DISCUSSION

Hillebrand and Lundell (12) set the lower and upper limits for
satisfactory mineral analyses at 99.75 and 100.60%, providing no
platinum vessels were used or corrections made for intruding
foreign matter. If these criteria are extended to lead dioxide
analysis, the gravimetric and Kinch (14) summations, but not
those by Diehl-Topf, are satisfactory (Tables VI and VII).

Evidently the chief source of error lies in the determination of
lead dioxide, in part due to the use of its theoretical gravimetric
factor, 1.1544 and 0.1 N 119.6 gram equivalents per liter, both of
which constants give high results because of the oxygen de
ficiency. This is easily shown by calculating the gravimetric lead
dioxide by the tentative factor 1.1500 from the averaged em
pirical formula PbO!.•4. The results for the samples are No.1,
99.06; No.2, 98.57; No.3, 97.77; and No.4, 96.88% of lead
dioxide. The volumetr~c assays (Diehl-Topf) and active oxygen
(Kinch) are effected in a similar manner. However, the con
ventional theoretical values were used in the tables to avoid con
fusion.

The possible and serious errors when lead monoxide and red
lead occur in lead dioxide have been considered.

In view of the abrupt ending of the experiments and the lack
of additional data, the author favors the Kinch manner of stating
analyses of lead dioxide.

Oxygen deficiency in the samples is also definitely indicated by
their increased lead-oxygen ratios-No.1, 6.76; No.2, 6.78;
No.3, 6.61; and No.4, 6.64-0ver the theoretical dioxide ratio
6.47. It is more easily seen in the derived empirical formulas
No.1, PbO!.•2; No.2, PbQ!.•2; No.3, PbO!.•6·; and No.4, PbO!.•5.
The formulas are approximate to a certain extent, as the com
bined oxygen carries the errors of analysis.

Summations of Complete Analyses. Table VI gives the
gravimetric assays in detail. To avoid repetition the volumetric
(Diehl-Topf) assays ar:e summed up with the impurities. Table
VII includes the assays of the impurities with lead monoxide
calculated from gravimetric lead, and volumetric assays of active
oxygen (Kinch).

Table VI. COlllplete Gravillletric and Volullletric
Analyses

SUMMARY

Complete analyses of four selected samples of reagent grade
lead dioxide were made. The corrected percentages of lead

No.4,
%

0.67
0.67
0.68

No; 2, No.3,
% %

0.75 0.71
0.76 1.02
0.76 0.86

No. I,
%

0.38
0.37
0.38

Method Used

Absorption (500 0 ± 8 0 C.)
Penfield (700° C.)
Mean

Table V.
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dioxide in the samples by gravimetric assay (empirical factor
1.1500) were (1) 99.06, (2) 98.57, (3) 97.77, and (4) 96.68; by
volumetric assay (Diehl-Topf, uncorrected) (1) 96.46, (2) 95.19,
(3) 94.65, and (4) 90.33. Obviously, the Diehl-Topf assays were
low. The corrected percentages of active oxygen in the samples
(empirical oxygen equivalent, 0.78 gram per liter) were (1) 6.30,
(2) 6.25, (3) 6.27, and (4) 5.92.

Free lead monoxide was assayed by an improved extraction
method. The results were negative, except sample 4 which con
tained 1.82%.

Total water was assayed by an improvised absorption method
and confirmed by the Penfield method. The averaged percentages
obtained were (1) 0.38, (2) 0.76, (3) 0.86, and (4) 0.67.

Residual water in lead dioxide at 225 0 C. was found to be
approximately 0.22% (average of samples 1, 2, and 3).

The percentages of gravimetric nonlead substance and silica in
the samples were (1) 0.73, (2) 0.83, (3) 1.26, and (4) 0.57.

Oxygen deficiencies occurred in all the samples and are best
shown approximately by the empirical formulas (1) PbO'.92, (2)
PbO'.92, (3) Pb0lo98 , and (4) PbO,.96. From the averaged formula
PbO,.•, the tentative gravimetric factor (lead dioxide), 1.1500, and
and the active oxygen decinormal equivalent 0.78 gram per liter
were calculated.

The gravimetric and Kinch summations of analysis were within
the limits, 99.75 and 100.60%, assigned for satisfactory mineral
analyses.
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Index for X-Ray Powder Diffraction Patterns
S. E. Q. ASHLEY AND R. C. NEWTON', General Electric Company, Pittsfield, Mass,

N
0~ that x-ray powder diffraction patterns for a co~para

tlvely large number of substances have been published,
many users will find a real need for an appropriate over-all index
to the patterns. The importance of such an index has been only
too apparent in those laboratories that accumulated their own
file of data cards from the literature before the collections of pat
terns were published by the joint committee of the A.S.T.M.,

1 Present address, Armstrong Cork Co., Lancaster, Pa.

Figure 1. .Kardex System

the A.S.X.R.E.D., and the I.P. When additional supplements
are issued, the need for a single index will become even more
obvious.

Figure 2. Chaindex Entries.
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As was pointed out by Bunn (1) the A.S.T.;\-!. data cards are
somewhat unwieldy for ident.ifying an unknown substance. A
large number of cards must be handled to allow for inaccuracies
that exist in some of the lattice measurements, and there are
three cards for each pattern. Bunn has set up an index consisting
of single cards covering all the listings at a particular lattice
spacing (to 0.01 .A.) with references to the complete pattern. He
also mentions the usefulness of a card system listing innermost
lines for all compounds.

During the past six years a Remington Rand Karuex system
(Figure 1) has been found a most satisfactory answer to the prob
lem of indexing data cards, and the authors' use of this system
has been orally reported (.~). Each one-line Chaindex entry
(Figure 2) lists the key number of the complete pattern (3), the
formula or name of the substance, and the three most prominent
lines. This information is listed on each of three differen t Iy
colored Chaindex cards, following thc principle of the modified
Hanawalt (3) scheme. The three strongest lines of a pattern are
listed in the order of decreasing intensity on the whitt' Chaindex
entries (order-one, two, three). A red entry is used to list the
lines in the order two, one, three, and a blue entry to list the line~

in the order three, one, two. The system is flexible and the
original Hanawalt scheme (2, page 245), by which the lines
are listed only according to predetermined divisions of the scale
in which they fall, may be used.

ANALYTICAL CHEMISTRY

After more than five ~'ears' use in identification of many un
known compounds, t,he authors have found so little use for the
blue cards (listing the third strongest line first) that there appears
little justification for continuing to include them in the file. It
is considered helpful, however, to retain the listing of three lines
on the other two cards.

The advantages of this Kardex system are its speed and flexi
bility. As can be seen in Figure 2, some ten patterns are seen at
a glance on one sheet, and sheets with compounds of the next ten
larger or smaller, or any other lattice spacings, are immediately
available. Each drawer holds 975 entries. By using the Chain
dex entries of different colors, Bunn's system of filing the inner
most lines could readily be incorporated in the file. When new
patterns become available, the system can be rapidly expanded
in any appropriate location, and all entries will appear in exact
order.
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Polarographic Determination of Free Monomer in
Heteropolymerization Reaction Mixtures

GERALD C. WHITNACKI, Monsanto Chemical Co., Dayton, Ohio

Free or uncombined DlonODlers in heteropolymerization reaction Dlixtures were
quantitatively determined by the polarographic Dlethod of analysis. By using
standard polarographic linear curves as little as 0.61% of free monomer was
determined within =3 to 5%. Data for nUDlerous samples of polymer showed the
method to be rapid, accurate, and applicable in control work. The rate of re
action and ratio of Dlonomers was conveniently studied with the polarograph.
Photographs of typical Micromax recordings illustrate the type of polarogram ob
tained and the reproducibility of analyses.

T HE need for a quick and accurate means of determining free
or uncombined monomer in heteropolymerization reaction

mixtures led to the work presented in this paper. It was neces
sary to find the amount of uncombined maleic anhydride in a
styrene-maleic anhydride heteropolymer and the amount of un
combined vinyl acetate and uncombined maleic anhydride in a
vinyl acetate-maleic anhydride reaction mixture.

Compounds that contain a conjugated double bond are known
to be reducible at the dropping mercury electrode (2, 3), and be
cause analyses were to be made on this type of organic linkage the
polarographic method appeared feasible.

SOLUTIONS AND APPARATUS

The research was conducted on a Leeds & Northrup "Electro
chemograph, using a large constant-temperature bath controlled
to =0.05 0 C. Figure 1 shows the assembled apparatus. Stand
ard Fisher 125-ml. lipless beakers were used for all polarographic
base solutions and samples were run at 26.0 0 C. A Beckman pH
meter was used to obtain pH readings.

Coleman and Bell C.P. redistilled mercury was used as an anode
aJ'ld as the dropping mercury electrode. The base solution used
in styrene-maleic anhydridE; work was made up by dissolving 5
m!. of C.P. 85% phosphoric acid in 1500 ml. of distilled water and

1 Present address, Naval Ordnance Test Station, Inyokern, Calif.

adjusting to pH 3.0 with a saturated solution of lithium hydroxide.
Vinyl acetate, obtained from Shawinigan Chemical Company, was
used in all experimental work on vinyl acetate-maleic anhydride
analysis and was freshly distilled before using. The maleic an
hydride was Monsanto solid grade and was reasonably free from
maleic acid. The benzene used was obtained from Barrett Divi
sion of Allied Chemical Company at Cincinnati. A 50-50 mixtur~

of 0.01 N hydrochloric acid and 0.25 N potassium chloride solu
tion with ethanol, contairiing 2 grams per liter of a nonionic wet
ting agent known as Triton NE, was used as a base solution. AI!
maxima inhibitor 2.5 ml. per liter of a 0.2% bromocresol green
solution were added. The benzoyl peroxide was obtained from
the Lucidol Corporation of Buffalo, N. Y., and the Triton NE was
from Rohm and Haas Chemical Company, Philadelphia, Pa.

EXPERIMENTAL

The data discussed are on two heteropolymerization reaction
mixtures, styrene-maleic anhydride and vinyl acetate-maleic
anhydride. The free maleic anhydride in the presence of water
hydrolyzes to maleic acid and gives good reproducible polaro
graphic diffusion currents, which were found to be proportional
to the concentration. The linear polymer does not interfere.
The maleic acid contains a conjugated double bond (1, 2, 5), which
is reducible polarographically, while the polymer has no such
linkage and hence is unaffected. Straight-line curves for maleic
anhydride are obtained in both reaction mixture studies.
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Table I. Accurac,· of Styrene-Maleic Anhydride Analysis
Maleic Anhydride

Found Added
% %

2.03 2.00
1.96 2.00
1.98 2.00
1.94 2.00

Found
Gram

tivities of the instrument. From this,
a sample was found, which, on a.nalysis,
showed less than 0.01 % of free maleic
anhydride, and this sample was then
used to test the accuracy of the method.
Samples containing from 0.2 to 1.0
gram of the (uncombined maleic anhy
dride free) polymer were prepared and
various amounts of standard maleic
anhydride were added. The samples
were polarographed and gave results 8
to 12% low on using the. standard
maleic anhydride curves. This ap
parently showed that the presence of
the sample in the base solution had a
lowering effect on maleic anhydride
wave. This lowering effect was thought
to be due to an increase in viscosity,
but samples using small amounts of
polymer gave results as low as those
with large amounts. Therefore, sam
ples containing 0.5 gram of the blank
polymer with aliquots of the standard
maleic anhydride solution were re
fluxed for 3 hours and then polaro-

MicToamp.
Sample
Gram

0.3128
0.2491
0.2606
0.2573

44.1 0.00635
33.9 0.00488
35.8 0.00516
34.6 0.00497

m'I'f.'/' = 1.66 mg.'I'sec. -II'

A sample of pure maleic anhydride flakes was used to make a 2.00% solution
and aliquots of this (grams of sample) were added to pH 3.0 buffer solution
containing 0.5 gram of R-56 dried (blank sample) per 100 mi. of solution.

Figure 1. Assembled Electrochemograph

A. Shunt box E. Tank nitrogen
B. Polarizing unit P. Relay box (for constant-temperature bath)
C. Thermionic amplifier G. Micromax recorder
D. Constant-temperature bath H. Polarographic cells

T. J. 5-gallon bottles containing supporting electrolyte

Styrene-Maleic Anhydride. Several samples of the polymer
were refluxed in the pH 3.0 buffer solution until complete solu
tion or peptization of the polymer occurred. This appeared to
vary in time a.ccording to the percentage of maleic anhydride
present. These samples gave well defined polarographic waves
and no better results were obtained with a pH of 4.0 or 5.0.
When the cells were flushed with tank nitrogen, the dissolved
oxygen reduction wave was lessened, so that it would not overlap
that of maleic acid. Several standard curves were made by re
fluxing known amounts of pure maleic anhydride in the pH 3.0
base solution and polarographing the solution at different sensi-

Figure 2. Current-Voltage Curves for Styrene-Maleic
Anhydride Polymer

1, 2. Duplicate analyses on polymer containing approximately 0.5% of
free maleic anhydride

3. Polymer containing approximately 3.0% of free maleic anhydride
4. Polymer containing approximately 0.1 % of free maleic anhydride

Sensitivity. 50,000 ohms for curves 1,2, and 3; 400,000 ohms for curve 4
Supporting electrolyte. pH 3.0 buffer solution

Temperature. 26.0° C.
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Table II. Analysis of Laboratory Samples of Styrene-
::\Ialeic Anhydride

Maleic Anhydride
Sample No. Sample Uncombined

Gram .1l1irroamp. Gram %
R-8 0.2059 40.6 0.00585 2.85
R-8 0.2124 44.0 0.00633 2.98
R-65-A 0.5214 12.4 0.00180 0.34
R-65-A 0.5199 12.8 0.00185 0.35
R-64-A 0.5112 12.9 0.00186 0.36
R-64-A 0.5172 12.0 0.00174 0.34
R-62 0.2256 32.9 0.00126 0.56
R-62 0.2020 30.2 0.00116 0.57
R-62-C 0.5356 14.9 0.00057 0.10
2031-A 0.5109 19.2 0.000739 0.14
2031-A 0.5126 22.0 0.000846 0.16
R-60 0.5227 24.2 0.000988 0.19
R-56 (dried)" 0.5331 2.5 0.000100 0.01
2003 0.5147 9.8 0.000380 0.07
R-63 0.5072 15.4 0.00222 0.44
R-63 0.5037 18.6 0.00~7 0.53
R-63-A 0.5088 12.7 0.00184 0.36
R-63-A 0.5168 13.2 0.00190 0.36
2515 0.2217 44.8 0.00645 2.91
2515 0.2738 56.1 0.00808 2.95
R-55 0.5151 9.7 0.00141 0.28
R-55 0.5427 10.8 0.00156 0.29
R-65-B 0.5119 10.0 0.00145 0.28
R-65-B 0.5291 11.5 0.00165 0.31
R-65 ·0.5125 15.6 0.00225 0.44
R-65 0.5309 16.0 0.00231 0.43
R-58-A 0.5012 18.9 0.00273 0.54
R-58-A 0.5104 20.4 0.00294 0.57
R-64 0.5045 9.5 0.00137 0.27
R-64 0.5046 9.6 0.00140 0.28
R-8A (dried) 0.5405

0.000663
0.00 to 0.03b

R-67-B 0.4791 17.3 0.14
R-67-B 0.5675 18.7 0.000718 0.13
R-61-A 0.5141 14.9 0.00215 0.42
R-61-A 0.5138 14.8 0.00214 0.42
R-67 0.5116 9.1 0.00132 0.26
R-67 0.5281 10.0 0.00145 0.27
R-67-A 0.5028 24.9 .0.000952 0.19
R-67-A 0.5023 24.7 0.000948 0.19

a Sample used as blank for accuracy tests in Table 1.
b Sample showed no measurable current, using greatest sensitivity.
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Table Tn. Accuracy of Maleic Anhydride Analysis
Maleic Anhydride

Sample No. Added Found Error
Gram Gram %

I 0.00112 O.OOIOY -2.6
2 0.00694 1).007l5 +3.0
3 0.00347 0.00347 0.0
4 0.000562 0.00060 +6.7

4.52
4.49
3.42
3.42
2.60
2.67
2.24
2.28
1.81
1.84
1.42
1.45
0.98
0.96
0.57
0.57
0.53
0.53
0.49
0.49
0.50

4.45
4.45
3.67
3.67
2.88
2.88
2.15
2.15
I. 75
1.75
I. 62
I. 62
0.81
0.81
0.36
0.36
0.26
0.26
0.25
0.25
0.21

45
45
30
30
32
32
32
32
35
35
35
35
30
30
40
40
50
.';0
40
40

1
I
2
2
3
3
4
4
5
5
7
7

10
10
12
12
18
18
24

------ ._-------------

E-58-II
E-58-II
E-58-IIl
E-S8-III
E-58-IV
E-58-IV
E-58-V
E-58-V
E-58-VI
E-58-VI
E-58-VII
E-58-VII
E-5B-VIII
E-58-VIIl
E-58-IX
E-58-IX
E-58-X
E-58-X
E-58-XI
E-58-XI
B-58-XII

RECOMMENDED ANALYTICAL PROCEDURE

Styrene-Maleic Anhydride. Weigh accurately 0.2 to 1.0
gram of the heteropolymer into a clean 125-ml. Erlenmeyer
flask, add 50 ml. of pH 3.0 buffer solution, and reflux for approxi
mately 3 hours or until the sample is in solution. (Some samples
will dissolve in 30 minutes, while others may take 3 to 4 hours.)
Wash the condenser down thoroughly with 20 ml. of pH 3.0
buffer solution and cool the flask to room temperature. Pour
the contents into a 1QO-ml. graduated cylinder and wash flask out
well with more pH 3.0 buffer solution, adding the washings to the
graduate until diluted to 100 ml. Pour the solution from the
graduate into a 125-ml. polarographic cell and flush for 10 min
utes with tank nitrogen. Polarograph from -0.9 to -1.6 volts.
Two polarograms are obtained for each cell and the average cur
rent rise is referred to a standard maleic anhydride curve. The
temperature should be held constant within ±0.05° C. during the
analysis.

Vinyl Acetate-Maleic Anhydride. POLAROGRAPIDC METHOD
(FOR MALEIC ANHYDRIDE). Weigh 5 ml. of sample into a volu
metric flask and dilute to 100 ml. with benaene. Add 1-ml. or
2-ml. aliquot to hydrochloric acid-potassium chloride buffer,
so that the final volume is 50 ml. Stir vigorously until slight
foaming occurs. Now, flush with tank nitrogen for 10 minutes and
polarograph from -0.70 to -1.35 volts, using 5O,()()()..ohm resist
ance. If the wave is less than 15.0 microamperes use 4OO,QOO-ohm
resistance and repolarograph. Calculate ~ams and per cent of
maleic anhydride present from standard polarrogaphic curve.
Convert grams of maleic anhydride into milliequivalents and
use in obtaining per cent of vinyl acetate.

VOLUMETRIC PROCEDURE (FOR VINYL ACETATE). Weigh 1 to 5
ml. of sample and add to 25 ml. of 0.1 N sodium hydroxide in a
125-ml. Erlenmeyer flask. Stopper and shake well for 2 minutes.
Titrate excess sodium hydroxide with 0.05 N hydrochloric acid
and add 2 to 5 ml. extra. Titrate excess acid with 0.1 N sodium
hydroxide, using phenolphthalein as indicator. Calculate total
milliequivalents of acid present. Now, by subtracting milliequiva-

Table V. Analysis of Laboratory Samples
Maleic Vinyl

Sample No. Hours :\-Iin. Anhydride Acetate

% %
Starl.ing material, 4.80% viny~acetate and 5.45% maleic anhydride

E-56-II 35 5.46 4.97
E-56-II 35 5.46 4.96
(':-56-II1 4 35 2.04 I. 80
E-56-II1 4 35 2.04 I. 84
E-56-IV 5 30 1.45 1.42
E-56-IV 5 30 I. 45 1.40
E-56-V 6 45 I. 12 1. 23
E-56- V 6 45 I. 12 I. 24
E-56-VI 8 45 0.94 1.14
E-56-VI 8 45 0.94 1.14
E-56- VII 12 45 0.82 0.92
E-56-VII 12 45 0.82 0.91
E-56-VIII 19 25 0.66 0.76
E-56-VIIl 19 25' 0.66 0.77
E-56-IX 24 0.53 0 .84
E-56-IX 24 0.56 0.79

Starting material, 5.36% maleic anhydride and 4.94% vinyl acetate

vinyl acetate in benzene solutions, were analyzed by this method
(Table V). Reaction conditions such as temperature and cata
lyst were varied and account for the difference in data between
percentage of free monomer and reaction time. The table, how
ever, shows how one can obta.in satisfactory data with the polaro
graph on rates of reaction of t.wo monomers.

Error

%
+1.1
+1.5
-2.8
+4.4

5.29
4.80
0.103
4.94

Found

%

Vinyl Acetate
Adder!

%
5.23
4.73
0.106
4.73

A
B
C
D

Table IV. Accuracy of Combined Maleic Anhydride-Vinyl
Acetate Analysi!;,

i:ample Maleic Anhydride
~o. Added Founr! Error

%. % %

3.32 3.30 -0.6
5.38 5.45 +1.3
0.067 0.06.; -3.0
5.38 5.36 -0.4

graphed. Two standard ern-ves were made up from thcse results
and the accrn-acy of the method was tested as before (Table I).
Four typical maleic anhydride waves found in samples of the
polymer are shown in Figure 2. A number of styrene-maleic an
hydride samples were then submitted for analysis '(Table II). The
value for the capillary constant m'/' t1 / 6 = 1.66 mg.'l. sec. -II•.

Vinyl Acetate-Maleic Anhydride. An analytical method was
needed which would determinc both large and small amounts of
free vinyl acetate and free maleic anhy(lridr in solution of benzene,
taken from the reaction mixt,lII'e of vinyl acetate and maleic
anhydride, and also in the prescnce of some heteropolymer
formation. Because only a total value for bot.h could be ob
tained by direct titration, and maleic anhydride has been deter
mined with considerable success in other polarographic work,
a combination of polarographic and volumetric analysis was
decided upon.

POLAROGRAPHIC .\XALYSIS (FOR MALJ;IC ANHYDRIDE). A pH
2.5 hydrochloric acid-potassium chloride buffer solution (·0 was
mixed 50-50 with laboratory ethanol and very good reproducible
waves were obtained with as much as 2 ml. of benzene maleic
anhydride solution. The reduction wave for maleic add was pro
portional to concentration. Therefore, a pH 2.5 buffer solution,
containing 0.01 N hydrochloric acid and 0.25 :\' potassium chlu
ride with 2 grams per liter of Triton NE and 2.5 ml. prr lit.rr of a
0.2% bromocresol green solution, was used to obtain a standard
curve for maleic anhydride. Standard maleic anhydride curves
in the pH 2.5 buffer solution were made up, using both the 50,000
ohm shunt and 400,000-ohm shunt to govern the sensitivity of
the instrument. The vinyl acetate had no effect on the maleic
anhydride wave at a pH of 2.5 and good quantitative results
were obtained with a standard maleic anhydride solution con
taining 0.00203 gram of maleic anhyrlride and 0.00220 gram of
vinyl acetate per ml.

The benzene used cont.ained thiophene; 2 1111. of the henzenp
were added to 48 ml. of the base solution and polarographed, us
ing the 400,000-ohll1 shunt and tben the 50,000-ohm shunt. No
differencc in residual current was noticed. Benzoyl peroxide
(Bz.O.) was present in the reaction mixtures and was tested for
interference. No deleterious effect was observed with double thl'
amount expected in the reaction mixtures.

Several synthetic samples, comparable to those which were
expected in the rate of reactiun st.udies, were prepared and ana
lyzed (Table III).

VOLl:METRIC ANALYSIS (FOR VINYL ACETATE). Aliquots of re
action mixtures were shaken in 0.1 1.; sodium hydroxide, using
phenolphthalein as indicator, and titrated for total acidity.

MALEIC ANHYDRIDE-VINYL ACETATE ANALYSIS (COMBINED).
Several synthetic samples containing various amounts of vinyl
acetate and maleic anhydride in benzene were made up and used
for testing the accuracy of the method (Table IV). A number of
laboratory samples, from the reaction of maleic anhydride and
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Lents of maleic anhydride (obtained polarographically) from
total milliequivalents of acid (obtained volumetrically), obtain
the milliequivalents of vinyl acetate. The per cent of vinyl ace
tate and per cent of maleic anhydride are thus arrived at by a
combination of two different types of chemical analyses.
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Lipides of the Cottonseed
Saponification Number

VERNON L. FRAMPTON AND GARLAND NED MARTIN

.The Cotton Research Conunittee of Texas, The University of Texas, Austin, Tex.

The saponification nUInher with crude cottonseed oils Inay he deterInined hy
carrying out the hydrolysis in an isopropyl alcoholic potassiuIn hydroxide solu
tion, adding ethylene or propylene glycol to give a 50-50 Inixture of alcohol and
glycol, and hack-titrating with an alcohol-glycol solution of hydrochloric acid,
using aniline hlue as the indicator.

EVIDENCE from observations OIl yield, iodine number, and
index of refraction of cottonseed extracts indicated that the

extracted material obtained with a given seed specimen with
anyone solvent is not identical with the material extracted from
that same seed specimen with another solvent (3). There is also
a marked variation in the intensity and the quality of color of the
extracts that are obtained. Those extracted with petroleum
ether, for example, are fairly light in color, whereas oils extracted
with dichloroethylene are extremely dark. The evidence from
spectrophotometric studies with these oils indicates that a major
portion of the pigments present are gossypol, gossypol tautomers,
or derivatives of gossypol (1).

The determination of the saponification number of samples
with crude cottonseed oil, in particular those that have been ob
tained on solvent extraction with the more polar solvents, where
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Figure 1. SlopesofTitration Curves at End Point Plotted
against Acid Added

A.. Glycol-alcohol 8olution. B .. Jf Aqueous solution

the determinations are carried out.in the conventional manner
on the back-titration of an alcoholic hydrolyzate with aqueous
hydrochloric acid using phenolphthalein as an indicator, is diffi
cult because of the difficulties involved in observing the end
point of the titration. This difficulty occurs because of the pres
ence of gossypol and gossypollike 'substances which are of vari
ous shades of red, and also have the property of behaving as in
dicators. Under these conditions it is impossible to perceive the
fading of the red color of phenolphthalein.

The observations reported by Palit (4) regarding the behavior
of soap solutions prepared with mixtures of glycols and alcohols
have given rise to the consideration of mixtures of these solvents
in the hydrolysis and the back-titration of crude cottonseed ex
tracts in the determination of the saponification number. This
consideration is based also.upon observations of the rl~ative en
hancement of the strengths of inorganic acids in organic solvents.
Thus one might anticipate that the variation of the apparent pH
with added hydrochloric acid at the end point corresponding to
the neutralization of the excess base would be much greater in the
organic than in the aqueous solution.

This prediction was verified in the experiments reported here
with. In Figure 1 the slopes of the titration curves at the end
point are plotted against the volume of acid added. The end
point is sharper with the ethylene glycol-alcohol solution thall
with the aqueous solution.

METHOD

In the determination of the saponification number the ctude oil
sample was weighed out in a glass weighing bucket (which
weighed about 0.3 gram), equipped with a glass bale, which was
lowered into a 100-mI. volumetric flask (Pyrex) with a hooked
glass rod. Fifty milliliters of isopropyl alcoholic potassium hy
droxide were added to the flask by pipet. The sample,. together
witMthe blank, was refluxed for 30 minutes in the volumetric
flask. Adapters were prepared so that the flask could be con
nected directly to a condenser equipped with aT ground-glass
joint. It was established that the change in volume of the flask
resultirig,from the refluxing was less than 0.1 %.
Af~r.th~ contEmts'of the flask were cooled, the flask was filled

to thei"mark with ethylene glycol, and the contents were thor
oughly. mixed. Aliquots from the volumetric flask were then
titrated potentiometrically with standard alcohol-glycol acid
solution. A curve was drawn and the end points were thus de
termined. The same procedure was used with the control.
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Table I. Saponification Number of Several Crude
Cottonseed Oils

Saponification
Solvent No.

Chloroform 215.6
Diethyl ether 217.0
Benzene 197.2
Carbon tetrachloride 197. 1
Acetone 202.4

a A different seed specimen.

Saponification
Solvent No.

Petroleum ether 198.8
Petroleum ethera 200.1
Petroleum ethera (seed

pre-extracted with
methyl alcohol) 190.2

:r
0.

10.0
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-PHENOLPHTHALEIN
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-METHYL RED
E.P.

6.0

4.0

2.0

I
Z
UJ
a::
<[
0.
0.
<[

Apparent: pH value where carbonie acid is replaced by
hydrochloric acid
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Figure 3. Titration in Glycol-Alcohol Mediulll
of Control

BROM PHENOL
SLUE E.P.

-METHYL
ORANGE E.P

have found that aniline blue is an excellent indicator for this pur
pose. The end point occurs at the inflection point and is ex
tremely sharp. The procedure developed in this laboratory is ca
pable of an accuracy comparable to that obtained in titrations of
typically strong acids and bases in aqueous solution, if one takes
the precaution to calibrate his pipets and is observant of the
relatively viscous nature of the solvent. With purified esters
saponification equivalents have been within 0.1 % of the theo
retical values.

Aniline blue, although it is an excellent indicator for these de
terminations, is not ideal in that the color occasionally fades, as,
for example, with benzene extracts. There are other disad
vantages with aniline blue; it does not behave as an indicator in
aqueous solution and its solubility in isopropyl alcohol is too low
to permit the titrations to be carried out in the absence of glycol.

In the double indicator method of determining the saponifica
tion number, the authors have not found an indicator which is
useful in determining the second endpoint.

It is not necessary, in the determination of the saponification
number with the alcohol-glycol mixture, to take the precaution
of removing the carbonate from the potassium hydroxide solution.
As is indicated in Figure 3, the replacement of the carbonic acid
with hydrochloric acid occurs at th"e apparent pH value corre
sponding to that at which the fatty acids are replaced by hydro
chloric acid. With the introduction of a second indicator which
would make the double end point method applicable, it would be

necessary to remove the carbonate from the
potassium hydroxide solution, or to make
suitable corrections.

Data were obtained for the saponification
numbers of several cottonseed oils which were
obtained with the Frampton-Giles low pres
sure extraction apparatus (2). These data are
presented in Table I. The first six deter
minations were made with the oil from one
seed specimen; the last two data were ob
tained with a second seed specimen.

The saponification numbers obtained with
chloroform and diethyl ether are high.
Those obtained with benzene, carl90n tet-

-METHYL RED E.P.

-ANILINE BLUE L?

- PHENOLPHTHALEIN CP.

Apparent; pH values where indica1:ors change color in glycol-alcohol m.edi~
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EXPERIMENTAL

On titration in the ethylene glycol-alcohol solution of the hy
drolyzates obtained on the extraction of cottonseed with the
several solvents it was observed that the behavior of the indi
cators as listed by Palit was not the same as the behavior on the
titration of sodium oleate. On the titration of the excess sodium
hydroxide in a preparation of sodium oleate (in alcohol-glycol
solution), the phenolphthalein end point occurs near the inflec
tion point obtained corresponding to the neutralization of the
excess alkali. The methyl orange and methyl red end points
likewise were observed to be near the inflection points ob
served potentiometrically, corresponding to the replacement of
the fatty acids with the hydrochloric acid. These indicators,
however, do not yield satisfactory end points with the hydroly
zates of crude extracts from cottonseed. A typical titration
curve, together with indications of indicator end points, is pre
sented.in Figure 2. This particular titration curve was obtained
with the hydrolyzate of an isopropyl alcohol extract of cottonseed.
The phenolphthalein end point, as may be seen from the curve,
occurs before the true inflection point corresponding to the neu
tralization of the excess alkali, and the end points for methyl red
and bromophenol blue occur before the end point corresponding
to the replacement of the fatty acid with the hydrochloric acid.
The methyl orange end point occurs after the second inflection
point.

In the absence of an established principle that will permit one
to translate the strength of acids as they occur in aqueous solu
tions to solutions of acids in organic solvents, it is not possible to
predict which indicators may be useful in these titrations; the
selection of a useful indicator is entirely empirical. The authors



VOL U M E 20, N O. 7, J U L Y I 9 4 8

rachloride, petroleum ether, and acetone are approximately the
same as those reoorded in the literature for refined cottonseed oil.
On the extraction of the cottonseed with methyl alcohol before
the extraction with petroleum ether, one obtains an extract
with a saponification number considerably smaller than with
the seed that has not been pre-extracted with methyl alcohol.

SUMMARY

A method for the determination of the saponification number of
crude cottonseed extracts has been developed. The difficulties
with colored cottonseed oil in observing the fading of the red color
when the end point of phenolphthalein is reached in the conven
tional method are eliminated, and the difficulty becaw;e of the
behavior of gossypol as an indicator has been circumvented by
carrying the titrations out in a mixture of isopropyl alcoholand
ethylene glycol with aniline blue as the indicator. The evidence
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is that the saponification ilUmber of oil obtained from a given seed
specimen is a function of the solvent used in the extraction.
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Measurement of Heat of Combustion of
Volatile Hydrocarbons

Liquid'Sample Holder
R .. L. LETOURNEAU AND ROBERT MATTESON, California Research Corporation, Richmond, Calif.

A sample holder, having advantages over existing liquid sample-handling tech
niques, for holding low boiling liquid fuels in determining the heat of combus
tion is described. Typical results are given for pure hydrocarbons and produc
tion grade motor and aviation fuels, Isopentane is securely held at 25° C., only
3° C. below its boiling point.

EVEN though the petroleum industry's largest volume prod
uct is gasoline, there is at present no standard procedure for

handling samples of the material in the measurement of its heat
of combustion (4)~ The usual procedure is to use the A.8.T.M.
method for the thermal value of fuel oil (2) -with either of two
types of sample holders-gelatin capsules (3) or glass ampoules
(5). The precautions necessary in the successful use of gelatin
capsules are involved and lack of' attention to any detail leads to
erratic results. Two fundamental difficulties here are a large ratio

/GAP

1t./I10p'~'~ ~~ ~ SCOTCH Gtt.I.Ut.OSE
______~ TAPE

'"

110-'-1/2"----1
1-·----,.----,.,
Figure 1. Sample Holder for 'Volatile Fuels

of auxiliary material to fuel sample burned and permeability of
the gelatin capsule which requires an evaporation correction dur
ing handling. In addition, the water content of the gelatin must
be carefully controlled. The glass ampoule suggested by Prosen
and Rossini (5) is very satisfactory"where extreme accuracy is
desired, but it is rather difficult to prepare these glass ampoules \n
routine work, where the glass blowing is not done by the calorim
eter operator.

The sample holder described here is a simple corrosion-resist
ant cup with ordinary cellulose Scotch adhesive tape (Minnesota
Mining and Manufacturing Company) cover. Others have sug
gested a similar scheme but have used an inferior covering ma
terial for the purpose. For example, Richter (6) described a steel
crucible with, collodion cap which he claimed is superior to the
gelatin capsule; later he used a platinum crucible with the same
covering scheme. Considerable difficulty has been 'experienced by
the authors with both collodion and cellophane covers. They are
either too brittle or of indeterminate moisture content and they
are about as permeable as the gelatin capsule.

SAMPLE HOLDER

The sample holder, shown in Figure I, is turned from a 2.5-cm.
(I-inch) diameter bar of 52% nickel alloy steel to the dimen
sions shown, which is a convenient size forcharging 1 mi. of liquid.
(This high-nickE)l,alloy is corrosion-resistant but not as good as
the iIlium alloy customarily used for oxygen bombs. The Parr
Instrument Company, Moline, III., will furnish this holder in
illium.) The capis;turned from a separate piece of the same 52%
nickel stock to the dimensions shown. The O.5-inch diameter
Scotch cellulose tape circle is conveniently cut with the appropri
ate cork borer.

Procedure for Handling Sample Holder. Before each use the
lip of the sample holder is polished on crocus cloth. 'The sample
holder with cap, but without Scotch tape, is weighed to the near
est 0.1 mg. on a suitable analytical balance. The Scotch tape is
placed in the cap of the sample holder and the assembly is again
weighed, with cap upsid!J down on the balance pan beside the
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CONCLUSION

The technique described here has so greatly simplified the
handling of gasoline samples that it is now the practice in these
laboratories to determine heat of combustion experimentally
where any question arises concerning the validity of a calorific
value estimated from the physical properties.

DISCUSSION OF RESULTS

The accuracy attainable with pure hydrocarbons is indicated
by Table II.

The reproducibility on production grade engine fuels is shown
by Table III.

The holder was developed especially to hold isopentane at
about 25 0 C., only 3 0 C. below its boiling point': Scotch cellulose
tape was found superior to other membranes for this purpose in
several respects. The adhesive of the tape is made stickier by
isopentane vapors and the seal is exceptionally tight, so tight in
fact, that the holder may be turned upside down without any
loss of sample once the seal is made. This same swelling of the ad
hesive in the hydrocarbon vapors "heals" the pricked hole re
quired to prevent rupture of the taut membrane on addition
of oxygen. This effect prevents evaporation of the sample into
the bomb cavity before oxygen is added. It has been found
easier to obtain ignition with this type of holder and liquid samples
than with any other so far tried.

Calorimetric Procedure and Corrections. All of instructions of
A.S.T.M. procedure D24D-39 which applied in this setup werefol
lowed. No radiation correction was necessary because of adia
batic operation. Corrections for nitric acid formed were made by
titration with standard alkali, and the length of burned iron wire
was taken into account. A correction value of 10 B.t.u. per mg.
weight of the cover was subtracted from the product of the water
equivalent times 0 F. rise for the weight of Scotch cellulose tape
burned. This was an experimentally determined average value
for several samples of Scotch cellulose tape.

FUEL SAMPLES

2,2,4-Trimethylpentane, primary fuel standard certified by the
National Bureau of Standards, boiling point 99.23 0 C., refractive
index nb" 1.39146, c;l.ensity d~o 0.69191, freezing point -107.40 ° C.
Product of the Rohm and Haas Company.

2-Methylbutane, better than 99% purity, density d;o 0.6196,
refractive index nbc 1.3575, boiling range 27.8-27.9° C.

A 100pound Reid vapor pressure natural gasoline, inspections
given in Table I.

Production fuels, regular and premium grade motor fuels, 91/96
grade and 100/130 grade aviation fuels, inspections given in
Table I.

0.03

20,283
20,293
20,288

0.08

Accuracy
Gross Heat of CombustioD

(Weight in Air)
Observed Lit. (1)

B.t.u';pound

20,510
20,553
20,553
20,585
20,540
20,548 20,556

8

20,852
20,927
20,873
20,884 20,877

7

Hydrocarbon

Table II.

Av.
Difference

2,2,4-Trime~hylpentane

Av.
Difference

2-Methylbutane

20:000
19,962
20,007

Av. 19,990

Largest
deviation from average, %

0.15 0.28
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Table I. Inspections on Fuels
Distillation Natural Regular Premium 91/96 100/130

0-86

Start, % 102 98 94 109 116
5 118 118 115 135 137

10 124 131 126 144 147
20 132 153 146 156 157
30 140 176 166 166 169
40 150 200 188 178 181
50 164 223 210 188 195
60 180 245 230 198 207
70 198 269 250 207 217
80 216 297 276 220 228
90 252 336 310 237 248
95 286 365 344 254 271
E.P. 346 402 377 291 338
Loss 2.0 1.2 1.2 1.2 1.2

A.P.I. gravity 70.1 59.2 62.6 63.9 67.3
Aniline point, 0 F. 132.8 101.1 108.9 123.8 139.6

Table III. Reproducibility of Gross Heat,of COIubustion
Regular Premium 91/96 Grade ' 100/130 Grade
Quality Quality Aviation Aviation

B.t.u. per pound

20,097 20,217
20,096 20,237
20,100 20,241
20,023 20,232
20,079 20,232

Rolder. The difference' between these two weights gives the
weight of Scotch tape used to seal the holder. This weight is in
the order of 13 mg., which is equivalent to about 2% of the weight
of gasoline. Exactly 1 ml. of fuel is pipetted into the holder with
the tip of the pipet on the floor of the cup. The cap with Scotch
tape is quickly placed on the cup and pressed into place with a
slight twisting motion, and the assembled sample holder is again
weighed to give the weight of sample enclosed. The sample
holder is placed in the supporting ring attached to the bomb cap
and the previously attached ignition wire is bent so that it lightly
touches the Scotch tape cap without touching the metal retaining
ring. No spiral or coil is necessary, just a simple hairpin bend.
Just as the sample holder is being lowered into the bomb a tiny
hole, which may vary in diameter from 0.05 to 0.10 mm., is
pricked in the taut cover with a sharp needle. The bomb is
closed and filled immediately but slowly with oxygen to a pres
sure of 35 atmospheres.

Calorimeter and other Accessories. In the tests described the
Parr Model DD-ll adiabatic oxygen bomb calorimeter was used
with a single-valve, iIlium bomb with self-sealing head. Solid
stem mercurial thermometers furnished with the calorimeter,
graduated in units of 0.05 0 F., were used together with their cali
brations. Although temperatures may be estimated to 0.005 0 F.
with the aid of a telescopic reading lens, reproducibility in read
ings is not better than 0.01 0 F. and this is the limiting factor in
accuracy so far attainable by this procedure. (Later work using
a platinum resistance thermometer showed very satisfactory re
producibility.) The bomb used in these tests had a volume of ap
proximately 360 ml. Iron firing wire supplied by the Parr Instru
ment Company was used. The water equivalent, evaluated with
approximately I-gram pellets of benzoic acid under the same con
ditions of test as with the liquid fuel samples, was 2450 grams for
this particular experimental setup.



Pore Size Distribution in Porous Materials
Interpretation of Small-Angle X-Ray Scattering_Patterns

H. L. IUTTERl AND L. C. ERICH
Socony-Vacuurn Laboratories, Paulsboro, N. J.

The theory of sIllall-angle x-ray scattering as developed by Guinier is applied
siIllply and approxiIllately to porous aggregates and the results are reduced to
continuous distributions of pore size. A Illethod is presented for the inversion
of the Guinier integral under certain siIllplifying assuInptions. A siInple seIni
eInpirical Inethod of Inaking the correction for a finite colliInating systeIn is
developed and applied. Results are correlated with data frOIn adsorption Ineas
ureInents and froIn the Inercury porosillleter.

T HE relation between the state of subdivision of a mass of
matter and the angular distribution of x-ray intensity scat

tered by the mass has been discussed analytically by Guinier
(7). Several methods of using this theory for interpreting the
scattering patterns in terms of particle or pore size have been
advanced.

Biscoe and Warren (3) evaluated the average particle size of
carbon black on the assumption of only small departures from the
average size. Jellinek and Fankuchen (9) did the same for certain
inorganic gels. In a later paper, Jellinek, Solomon, and Fan
kuchen (10) amplified their method to the case where the size dis
tribution may be considered as a collection of a small number of
discrete constant sizes. Shull and Roess (5, 13-15) developed a
workable method for determining a continuous distribution
based on the determination of parameters in a postulated flexible
distribution. More recently Bauer (£?) and Roess (1£?) devised
methods for the determination of continuous distributions wherein
no a priori assumption concerning the kind of distribution is

1 Present address, Department of Chemistry, University of Wisconsin,
Madison, Wis.

made. The latter two methods are tedious for numerical work
and are perhaps too laborious to justify application to masses that
obey only. very approximately the assumptions made in the de
velopment of the Guinier theory.

This paper presents a method for analyzing small angle x-ray
scattering data in terms of a continuous distribution of pore
(or particle) sizes. Also presented are some typical results
together with comparisons with the results of other physical
metllOds of elucidating pore geometry.

In March 1947, before the present paper was submitted for
publication, the work of Shull and Roess (15) appeared; this
had been presented in substance before Gibson Island Confer
ences in 1944 and 1945. There is a strong similarity in the two
treatments, and there is no doubt that Shull and Roess have
established priority. The present paper is an independent work
and places emphasis on the alternative pore size interpretation.

The experimental arrangement is familiar. Figure 1 shows a
diagram of that used by the authors.

BEAM STOP~U/X- RAY SOURCE 1.

1

COLLIMATOR

IJ~, ;r==:::./~r
. ~ a== ~
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(001) CLEAVAGE FACE (DETAIL A) (DETAIL B) 'VACUUM
OUTLET
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HOLDER
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Figure 1.
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Figure 2. Sample
Cap and Anvil

Figure 3" Observed and Corrected
Intensity Curves
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B. Corrected
O. Observed cOlIlputed
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PORE GEOMETRY

The geometry involved in this system is diagramed in Figure
4. The phi-neof the fan-shaped beam is the plane of the 'paper,
while the plane of the film is perpendicular to it. w~ seek the
intensity distribution along the equator (x-axis) of the film.

Consider an element of the fan beam, dy, at Q on the film merid
ian, distant y from the center. The scattered intensity at P, dis
tant z from Q, is given by Guinier's relation

d (f.) 0: 1'" exp ( - a 21'2z2) dy

Inasmuch as evidently z' = x 2 + y2

d (f.) 0: 1'6 exp (-a 21'2x 2) exp (-a 21'2y 2) dy

is the contribution to the intensity at Q due to the pinhole beam,
OQ. The total for the entire fan beam is then

The very fine beam required by this theory is not practicable
because the scattered radiation is too weak. To increase the
intensity of the main beam, and hence the scattered radiation,
the beam is enlarged into a second dimension by opening up the
pinholes to narrow rectangular slits. When tire angular spread
of the main be~m is comparable to the scattering angle, however,
it is necessary to employ a slit correction to reduce the experi
mentally obtained intensity back to what would have been ob
tained had pinholes been used. The complexity of this correction
increases with departure of the collimating system (including
the detector slit) from infinitesimal pinholes. The· pinhole
slit combination described above makes the correction particu
larly simple, and is due to Shull. In both methods of correc
tion described below, the detector slit is taken as small.

The camera tube is a length of 10-cm. (4 inch) aluminum pipe,
in one end of which is fitted a collimating tube made vacuum
tight by a piece of cellophane cemented over the entrance slit.
The other end is capped with a gasketed disk. The film holder is
attache~ to a pi~t?n which slides in the tube and may be placed at
any desIred posItIOn up to 60 em. from the sample. Provision is
made to evacuate the camera (to about 15 mm. of mercury) dur-
ing exposure in order to eliminate air-scattering. .

The main beam is caught by a
beam-stop 0.6 mm. wide to prevent
overexposure at the center of the film.
Intensity readings are therefore possi
ble to within about 0.3 mm. of zero
scattering angle at sample-to-film
distances up to about 60 em. The
collimator is 15 em. long. Its en
trance slit is a pinhole 0.15 mm. in
diameter punched in a lead sheet 0.6
mm. thick. The exit slit is a narrow
rectangle 4 mm. long and 0.1 mm.
wide. The main beam is therefore
collimated to a very thin and narrow
fan shape. The edges of the exit slit
are inlaid with 1-mm. platinum wire
to prevent transmission through sharp
slit edges, which affects the film in a
manner indistinguishable from small-
angle scattering.

The x-ray beam from the target is monochromated by Bragg
reflection from pentaerythritol (6). Although the life of this
crystal under the x-ray beam is short (about 100 hours), the in
tensity of its 002 reflection is high enough to overweigh the
bother of frequent renewal.

The sample is ground, mixed with very dilute collodion solu
tion, and placed in the rectangular window of the sample holder
by smearing it over a small anvil (Figure 2). The holder is then
placed like a cap over the end of the collimating tube for the ex
posure.

Exposures ranged from 10 to 80 hours, depending on sample,
sample-to-film distance, kind of radiation, and part of pattern
required. Development was according to a standardized pro
cedure on calibrated film, and intensities were determined by a
Leeds & Northrup microphotometer. Intensities higher than
density 1.1 were discarded, because the film began to depart from
linearity above this density; and densities below 0.02 were dis
carded because of the relatively high "noise" shown by the mi
crophotometer trace.

s = sample-to-film distance

where

I
- 0: 1'6 exp (-a2r2z2)
10

The experimental curve of observed intensity, lObS., versus the
scattering chord, x, was obtained by averaging the micropho
tometer readings from the left and right sides of the theoretically
symmetrical pattern and smoothing the data. Several ex
posures of one sample were normally made with long and short
exposure times. This procedure permits piecing together several
patterns to obtain a single intensity curve covering a range of
intensities impossible to reach with one exposure because of
the relatively narrow film latitude. Intensity ranges of at
least 1000 to 1 were normally obtained, but the lower end of this
range was frequently discarded as unreliable. The used intensity
range was always at least several hundred to one. Fitting two
patterns together at the region of overlap offers no difficulty,
as only relative intensities are of interest here. Figure 3 shows
a typical observed intensity curve (I, A) and the derived log
arithmic curve (II, A). Use of the logarithmic curve greatly
facilitates both the smoothing and the fitting processes.

Guinier (7) has shown that for a single spherical particle of
radius 1', immersed in a finely collimated beam of monochromatic
x-rays of wave length t. and intensity 10, the fraction of incident
intensity scattered to a chordal distance z from the main beam is
given approximately by

and
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I ex fY r 6 exp ( - a2r 2x 2) exp ( - a 2'r 2y 2) dy
-Y

The integral over y may be evaluated by means of the error
function,

to give

where kr3 is the volume of one such pore. The scattering for these
pores is then

dI ex r' D(r) erf (viz a Yr) exp (-a2x'r2) dr

and the total intensity at any point due to the entire distribution
of sizes, providing the pores are randomly and widely separated
spheres which produce no coherent interference, is

I ex ro erf (V2 aYr) exp (-a2r 2x2)

as the scattered intensity at any point on the film equator due to
a single spherical particle of radius r. The intensity due to dN
such particles is just dN times this.

[The value of Y, half the length of the slit projected on the film,
is a function of 8 and may be determined as follows: Short ex
posures are made, with no sample in place, with the film at a
series of measured distances from the sample cap. Mter develop
mem the fength of each slit image, 2Y, is measured and a plot
drawn of Y V8. 8. The proper Y to use for any 8 is then either
read directly from the graph or computed from the linear func
tion" Y(8).J

Let the volume distribution of pores be given by D(r) where
the total volume, dV, of all pores having radii between rand r +
dr is dV = D(r)dr. The number of pores within this range is

M FtIDIAN,

I(x) ex;; 00 r2 D(r) erj (V2 a Yr) exp ( - a2x'r2) dr

0.03 r----,----,----,-----,

~ 0.02 r----+f-f----'''<'i--

o
',;
o

;g- 0.01 f----H-+-----j--'\-\---f-----j

(1)

806020o 40
r, A..

Figure 6. Distribution Function of Silica
Alumina Gel

Two Illethods of slit correction

This integral is not easily inverted-that is, there is no simple
general method for computing D(r), given I(x). It happens,

however, that the erf term is nearly constant for r ::::.~. Using

Cu-Ka radiation of A = 1.54 A., a sample-to-film distance of 15
em. or less, and Y of about 5 mm., the erf term is practically con
stant for r ~ 40 A. and changes only slowly for r ::::. 15 A. As a
first approximation, then,

I (x) ex 10 00 T 2 D(r) exp ( - a2x2r2)dr (2)

We now assume that D(r) is of a modified Maxwellian form
(8), expressible analytically as

D (r) = A (~)" exp (- ~) (3)
. To To

and attempt to find the values of nand ro which best fit the ex
perimental data-that is, we seek that member of the double in
finity of curves, Equation 3, which most closely approximates in
x-ray scattering behavior the sa.mple whose behavior is given by
I(x). The resulting expression for I(x) can now be integrated in
terms of the gamma function to give

- \

1 ( 3) [ IJ-(n+~)
I (x) = 0 r n + 2 a 2x 2+ i1 2

It is convenient to write this logarithmically, dropping the
constant, to give

log I (x) = log r (n +D- (n + ~) log (a2x 2 +~) (4)

which equation is linearin log I and log ( a2x 2 +~).

In this last equation, I, a} and x are known and nand ro are to
be evaluated. In applicatlOn, one chooses various values of r.

and plots log I against log (a2x2 + ~). That value of r. which

makes the plot most nearly linear is the best ro; and from the
slope of this line one may determine n.
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(7)

(8)

-1.11-2.2

b, = ;-;;. erf (V2a, V)

l.(x)

-3.0 -2.6
log (a'.' + l/ro')

Figure 7. Selection: of ro in D(r)

Solving for c;, one obtains finally

V-;;'b,
C; - ----,:...--"'-'~--:-

- erf (V2a, V)

where

Thus it appears that if the experimentally obtained equatorial
intensity I.(x) be expanded empirically into the finite series of
Gauss functions (Equation 7), the required slit-corrected in
tensity will be a new similar series ofGauss functions (Equation
6) differing only in that the new coefficients C; have been changed
from the old ones b, according to Equation 8, and the argument,
x, replaced by z. Experience has shown that from three to
five (usually four or five) terms in the expansion will reproduce
the experimental data well within the error of reading the micro
photometer traces. Curves IB and IIB of Figure 3 show the
slit-corrected values corresponding to the uncorrected curves, A.
The necessity for applying the correction is obvious. Having
obtained I(z), the corrected intensity function, it is possible to
check the accuracy of the approximation by placing I(z) in
Equation 5 and numerically evaluating the integral for I.(x)
at selected values of x. The circled points in Figure 3 show the
results of such a calculation at several values of the scattering
chord. The negligible deviation from the observed intensity
implies that the series (Equation 6) is an adequate approximation.

Using this new intensity function we may now employ Guinier's
theory directly in the form

OL -.l.~ _.L ..l._ ___'

-3.4

l.0 r------'---t---------I---------.:;tt~il\_\r__\-__j

2.0 r-------1----~~~~~~rl~-_\_t__---__j

(5)

(6)

(V _
I,(x) = 2 Jo I (Vx2 + y2) dy

I(z) = L c;e-a
'"

i

Then the integral equation above becomes

( r)2.88 -(i7)'
D (r) = A 27 e

Curve A of Figure 6 shows the form of this distribution. As
plotted here the constant A in Equation 3 has been chosen to
normalize the curve to make f dV from r = °to r = 00 equal
to Vo, the measured pore volume.

Having determined the parameters nand ro it is possible to
evaluate I(x) numerically, now including the erf term, according
to Equation 1. If the computed I deviates too widely from the
observed I, D(r) may be distorted to give better agreement.
If however there is a large contribution of r smaller than about
20 A., it is 'usually more convenient to make the slit correction
independently than to include the correction in the analysis
that is, it is simpler to reduce lob,. to I co,. before applying the
Guinier theory. Further, it is necessary to make the slit correc
tion before applying other methods of inverting the integral such
as those of Bauer and of Roess. A method for making an in
dependent slit correction is described below.

Referring again to Figure 4, and to the ele~ent, dy, of t~e fan
beam which strikes the film at Q, the scattermg due to thIS ~le
mentary beam alone is radially symmetrical about Q, dependl.ng
only upon the distance from Q. In particular, the scatt~red m
tensity at the equatorial point, P, d~pends only on the dIstance,
QP = z. This dependence is that gIven by
the Guinier theory and is what we seek ex
perimentally. Denote this relation between
intensity I and radial distance, z, by I =
I(z). The intensity at P due to the beam,
dy is then dI = I(V x 2 + y2)dy. The in
te~sity most conveniently measured is I.(x) ,
the intensity along the equator, as a func
tion of distance from the center. Along
this line dI and dIe are equal. Replacing dI
by dIe and forming the integral for all dy's,

Figure 5 shows this process for the material of Figure 3.

Plots of log I VB. log (a 2X 2 +~) 'are given forro = 40,30,27,24,

and 20 A. The definite curve to the right for r. too low and to the
left for ro too high is evident, and ro = 27, giving the most nearly
linear curve was taken as the correct value. The slope of this
line was fou~d to be - 2.83, which gives n = 1.33 according to
Equation 4. D(r) is therefore given by

I.(x) = 2 (V L c;e-a , (x' +Y') dy =

Jo i

'""'" C; -a'x' f (. 12- V)4-J V~ ...e er v (ti ,

•
where the error function has again been in
troduced and distributive constants dropped.
Combining everything independent of x we
may write

In this equation I.(x) is the experiment
ally determined equatorial intensity, and
the required function is I(z). Although
there appears to exist no exact method for
the inversion of this integral, the follow
ing approximate procedure has been found
satisfactory:

Assume that it is possible to expand the
unknown function I(z) in a finite series of
Gauss functions:
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(10)

("" rD(r)dr
Jo .

r =

_ r (n + 1)
T = ( 1) ro

r n + 2

Pore Data for Typical Porous Materials
Adsorption Data X-Ray Data
Surface Av. Av,

area, pore Param- pore
So, radius, eters radius.

Ce.;A. G. re, 'A. n ro r, 'A.

Pore
volume.

V.,
Ce./G.

PORE VOLUME AND SURFACE AREA

there is a relatively small contribution of pores
below about 15 A.

Figure 8 shows the plotted distributions as de
termined by this second method for four silica
alumina gels of different characteristics. Each has
been normalized to Yo, the pore volume, as meas
u~ed by the usual density determinations. Figure
9 shows the distribution determined by the same
method for a fuller's earth having. a very much
wider size range than that of the gels. Table I
lists some other pertinent data for all five materials.

Table I.

In working with pore geometry there are two
most useful measurements by well-established
methods that provide data for correlation and
orientation: the pore volume and the surface

area as determined by adsoprtion methods. By comparing these,
a value for "average pore size" may be selected. Thus, by con
sidering the pores as uniform cylinders of constant cross-sectional
radius, re , having a total volume = Vo and a total inner surface'
area of So, the measured surface area [the authors have used the
Brunauer-Emmett-Teller method (4) of computing surface area
from nitrogen adsorption isotherms], it readily follows that r. =
2Vo/So• Although not a true average, this quantity provides an
excellent gage of reliability.

The comparison may be made by computing an average pore
radius from D(r). The conventional definition of the average r
would be

fa"" D(r)dr

By evaluating this expression for D('/') given by Equation 3,
it is found·that

so that it is particularly ~mple to compute r when nand '/'0 are
known. The values,r from small-angle x-ray scattering, and
re from density and adsorption data, are comparable values,
and Table I shows some typical examples of the kind of agree
ment found. The values of rand Te are also superposed on thp
plotted distributions of Figure 8.

Material
Silica-alumina

gel i ngg g:g~tg ~g U~ ~g ~I
C 0.747 0.0409 37 0.58 30 28
D 0.733 0.0365 39 1.96 22 33

Fuller's earth 0.787 0.0129 122a 0.154 250 169"
a The average pore radius from porosimeter data is 142 Angstroms.
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Pore Size Distributions for Some Silica-Alumina Gels

Other data given in Table I.

0.004 I- ,..",:=+::;;:.~-~--~I----j

Figure 9.

-<
'
clo
~ 0.002 1+--+-+---+-\--...:>..0-+----1
"l

0.02

0.00 lL.._L-_"-_L-_.L::::=.~_.l.._-""L...._.l..__.L..l._lL-_.l.__ _===='

o

0.01

Figure 8.

0.01

~c3 0.00 I-"------'-'----=----,'--------'----'--------===;

~0.02

d (fa) .0: rO exp (-a 2r2z2)dN

giving the contribution to the relative intensity at a scattering
chord of Z due to dN pores of radius r. For dN = k- 1r- 3D(r) dT
such pores,

d (fa) 0: r3 D(r) exp (-ih 2z2)dT

Thus for the whole range 'of r's from zero to infinity,

I(z) 0: fa "" T3 D(r) exp (-a2z2r2) dr

Again assuming D(r) to be given analytically by Equation 3,
the integration may be performed and the result written as

log I (z) = log r (n + 2) - (n + 2) log (a2z2 +~) (9)

Thus a plot of log I against log (a2z2 + ~) will be linear f~r
the correct To and the slope of this line affords a determination of n.

Figure 7 shows a set of these plots for the material of Figure 3,
using ro = 60, 40, 30, 25, 22, 20, and 15 A. Again there is a clear
tendency to curve in opposite directions for ro too low and too
high. The best TO was taken as ro = 22.

The slope of this line is -3.96, giving n = 1.96 according to
Equation 8. The distribution function is then given by

(

T )3.92 -(fz).
D(r) = A 22 6

where A may be chosen by normalizing to Yo. Curve B of Figure
6 compares the distribution obtained using this method of in
dependent slit correction with that obtained with the earlier
method. The fact that the two curves differ only slightly, even
having their peaks at about the same value of T, shows that the
less rigorous first method of slit correction is useful when, as here,

Although the average pore radii, rand re , are not strictly
representations of the same quantity, it is not profitable to apply
any of the obvious refinements. The unfortunate fact is that
the whole theory of Guinier is based on the assumption that the
scattering particles are spherical and sufficiently well and ran
domly separated to avoid coherent interference between particles.
The circumstance of nonsphericity may be allowed for [as has
been done by Guinier (7); see also Roess (12) 1; but failure to
meet the other essential requirement in most common samples
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COll1parison of Pore and Particle Size Data

v., Cc./G. Vol V. rei:;: r Ir. r., A.
0.427 0.668 0.76 0.89 19
0.421 1.108 0.95 1.19 18
0.416 1.797 1.32 1.44 20
0.421 1. 748 1. 77 1. 47 23
0.376 2.09 0.72 2.9' 58

lVlaterial

Gel A
Gel B
Gel C
Gel D
Fuller's earth

Table n.

For convenience the several steps in converting the observed
intensity curve into a size distribution are summarized:

1. Expand empirically the observed equatorial intensity func
tion, I. (x) into a closed series of Gauss functions, I. (x) = ~b; exp
(- aix2).

2. The slit-corrected intensity function will then be leo' (z) =

~C; exp (-aiz2), where Ci = bi v-;'/er! (V2ai Y).
3. Plot log I em (z) against log (a2z2 +1'0- 2) for a series of rea

sonable values of To.. That curve'that is most nearly linear gives the
best value of 1'0.

4; Determine the slope of this "best" curve, and find n from
the relation, slope = - (n + 2).

5. If desired, find A in the relation D(r) = A r:: exp (-:;)
To To

by normalizing fdV = fD(r)dT to the measured pore volume,
Vo•

Obviously, the same method applies, with the same limitations,
to a determination of particle size distribution.
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Comparisons of entire distributions as obtained by x-ray
scattering with entire distributions (rather than simply average
sizes) as determined by other methods are difficult to make.
The mercury porosimeter described in an earlier communication
from this laboratory (11) affords one method of obtaining com
plete distributions but is limited to larger pore sizes. Figure
9 compares the porosimeter distribution for the fuller's earth
(16) with the corresponding x-ray data. Considering the limita
tions of both methods the agreement is surprisingly good. If
one proceeds to distributions having average radii of the order
of a thousand times the wave length used, the method loses
sensitivity. Thus, in an attempt to deduce by x-ray scattering
the distribution found by the mercury porosimeter for Coors

porous plate (11), the plot of log I vs. log (a2x2 + ~) was as

nearly linear for To = 500 as for To = co, and on the criterion of
linearity of this plot, any To> 500 might have been chosen.
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cannot be circumvented. The intensity of scattered radiation
depends on a difference in scattering power between the two
phases (solid and air in the case of porous solids), and the resultant
size determination (neglecting interference) is a measure of the
distance one can travel in the scattering volume without passing
a phase boundary in either direction. In the case of a dispersed
system of solid and air, when the particles are widely separated,
the scattering due to their distances apart will be suppressed and
one will obtain a particle size distribution. When the particles
are squeezed so closely together that the interstices are small
compared with particle size, the small-angle scattering will be
indicative of pore size. There is no difference (except in over-all
intensity) in scattering pattern between that obtained from a
collection of particles with interstices of air, and that obtained
from the reverse of this: a sponge in which the former particles
are replaced spatially by air bubbles and the former interstices
by a solid matrix.

The situation when pore and particle size are about equal is the
worst case. Here one must necessarily obtain a combined dis
tribution of both pore and particle sizeH. In addition, the situa
tion is complicated further by the fad that interparticle inter
'ference now enters importantly. The reason that results on
pore size distributions in inorganic gels-which are typical of
the worst case-seem to corroborate other measurements so
nicely is probably that the pore and particle size distributions are
about the same and therefore that the sum of the two is propor
tional to either one alone. A discussion of this whole problem
by Bauer is in preparation (1).

The several assumptions made in applying geometrical signifi
cance to the quantities Te and rvitiate from the start any rigorous
comparison between the two. Thus '1", represents an "average
pore size" only in the sense that a uniform open-ended cylinder
of this radius has the same ratio of volume to surface as the
porous sample. Similarly, r has significance as an average pore
size only in so far as the Guinier theory is applicable-that is,
only if the pores are actually spheres among which there is no
diffractive interference. Inasmuch as the actual situation lies
far from these assumed situations, correlation between Te and r
cannot be expected to be closer than merely qualitative. Thus
Table I shows that all four silica-alumina gels have approximately
the same order of pore size; and that boih adsorption measure
ments and x-ray measurements arrauge them in the same se
quence.

It has been pointed out by Shull (14) that the ratio of pore
size (from adsorption measurements) to discontinuity size (from
x-ray scattering) shown by the materials of Table I shows not
only the inconstancy expected from the argument above, but also
a regular trend with the "porosity factor" for these materials.
(Porosity factor is the ratio of empty volume to solid volume in
any porous material.) Shull has found the same trend in a
larger series of silica gels during the course of his own work and
concludes that x-ray scattering for such materials is more in
dicative ot particle than of pore size. Table II lists the solid
volume, V., the porosity factor, Vo/V., the "average particle size,"
r. = 2V./So, and the ratios 'l"e/1' and r.iT for the silica-alumina
gels of Table 1. Shull points out that the porosity factor should
be proportional to the ratio of pore size to particle size; .that such
a proportionality, for gels A, B, C, and D, approximately exists
between the porosity factor and the ratio reN, and that therefore
l' probably represents particle rather than pore size. On the
other hand, the agreement between rand r. is no better
than that between rand Te, and there is also an approximate
proportionality between 1'/1'. and porosity factor. Additionally,
the agreement among Te, T, and the porosimeter data for the ful
ler's earth is strikingly better than with 1'••

Clearly the exact geometrical significance of size determina
tions from x-ray scattering is still uncertain, and additional
correlative data are urgently needed, particularly unambiguous
methods of determining entire distributions of sizes.



Microdetermination of Lead in Biological Material
With Dithizone Extraction at High pH
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The use of a procedure for the quantitative extraction of lead with dithizone at
high pH has facilitated the determination of lead in biological material. The
high pH extraction step has been incorporated in the final estimation step of
the Bambach-Burkey method (1). The difficulties and advantages of the revised
procedure are discussed and analytical data are given to prove the adequate
nature of the revised procedure.

A PROCEDURE for the quantitative extraction of lead with
dithizone at high pH, which was recently reported by Sny

der (.,n, has fa"cilitated the determination of lead in biological ma
terial. Following a personal communication early in 1945 (fj), the
procedure was incorporated in the Bambach and Burkey method
(1) and has been used satisfactorily since then for the routine
analysis of all types of samples. The revised procedure represents
a significant advance in analytical technique, and is deemed
worthy of presentation in order to point out the difficulties and
advantages encountered in the application of the high pH extrac
tion procedure to the analysis of biological material. For the
convenience of analysts, the revised procedure is described step
wise, but only in so far as it differs from that given by Bambach
and Burkey (1).

mm. light path for quantities from 0 to 15 micrograms and a cell
of lO-mm. light path for quantities from about 15 to 100 or 110
micrograms of lead. (A cell with a 5-mm. light path must
be used when the amount of lead is between 110 and 150
micrograms.) The working curves are prepared from known
amounts of lead added to the pH 3.4 buffer. A blank, starting
with the pH 3.4 buffer, is run in order to obtain the daily zero
points of the calibration curves. A blank of all of the reagents
used in the complete extraction must also be determined and
subtracted from the values read from the calibration curves.

RESULTS

In Table I are listed typical results chosen at random from ap
proximately one hundred samples, duplicate aliquotlD of which
were analyzed in parallel by the Bambach and Burkey (1) method

pipet filler

bore in cock

20 mi.

PROCEDURE

Samples are prepll-red without change, and only the following
changes in reagents are required.

Ammonium Hydroxide-Potassium Cyanide Mixture. Dis
solve 10 grams of 'potassium cyanide in 1000 ml. of ammonium
hydroxide (specific gravity 0.900).. Lead-free ammonium hy
droxide of the proper specific gravity may be made by passing
tank ammonia into distilled water immersed in an ice bath.

Dithizone Extraction Solution. Only one solution is needed
30 mg. of Eastman dithizone per liter of lead-free (redistilled
and stabilized) chloroform.

Isolation of Lead and Removal of Bismuth Interference. The
initial isolation of lead is carried out exactly as described by
Bambach and Burkey (1). Because it is no longer necessary to
observe each 5-ml. extraction in. order to fit the samples into the
three concentration. ranges used by Bambach and Burkey (1),
the extraction may be started with 10, 15, or 20 ml. of dithizone
solution as the analyst prefers. The approximate total quantity
of lead, however,must be known and this is determined from the
total volume of extraction solution used. Each 5 ml. of dithizone
extraction solution will extract approximately 40 micrograms of
lead (1). If the quantity of the dithizone extraction solution used
indicates the presence of more than 150 micrograms of lead, an
aliquot is removed to bring the quantity of lead to or below 150
micrograms before adding the 50 ml. of the pH 3.4 buffer which is
used to separate the lead from the bismuth.

Fjnal Estimation of Lead. To the 50 ml. of pH 3.4 buffer
(1) containing less than 150 micrograms, add 20 ml. of the am
monium hydroxide-potassium cyanide mixture. (The automatic
pipet shown in Figure 1 has been found convenient for this
purpose. It was designed and made in this laboratory by W. J.
Younker.) Add 15 ml. of dithizone extraction solution and shake
for 1 minute, releasing the pressure which develops through the
stopper rather than through the stopcock. The colors in an en
tire series are developed in this. way before proceeding to the
photometry.

Photometry. Place a small pledget of .cotton in the tip of
the stem of each funnel, and just before filling the cells, discard
2 to 3 ml. of the chloroform phase by allowing it to pass through
the cotton pledget. Fill the cell by filtering the chloroform
solution through the pledget and read the density or the trans
mittancy of the solution at 510 m,u in any suitable photometer.
The proper size of-cell to use is determined as in Snyder's method
(4), from the depth of color in the chloroform phase. It is usually
possible to make measurements with only two cells, a cell of 50-
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and the modified procedure.

Figure 1. Automatic
Dispensing Pipet

In the case of the blood samples,
these two sets of results
are compared with the
spectrographic findings.

The comparative de
grees of accuracy and re
producibility of results
obtained on two series of
samples by the old and
new procedures are indi
cated in Table II. The
ash of a series of samples
of feces, in the one case,
and of urine, in the other,
which remained follow
ing certain other experi
mental observations, was
composited and then
divided into 40 equiva
lent samples, respec
tively, for the parallel
analyses. The other
parallel series consisted
of two sets of samples of
synthetic urine (2) to
which known amounts of
lead were added.

DISCUSSION

Inspection of Tables I
and II shows that there
is little difference in the
findings obtained by the
two methods. The dif
ferences between the re
spective mean values in
Table II, however, are
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Table II. Reproducibility and Accuracy of Two Analytical
Procedures Applied in Parallel

__Micrograms of Lead__
No. of Std. Std.

Material Analyses Method Mean error dev.

Ashed feces, composited 20 Bambach 42.63 ±0.064 ±0.29
and subdivided and Burkey

20 Revised 44.00 ±0.123 ±0.55
A.ahed urine, composited 20 Bambach 8.69 ±0.056 ±0.250

and subdivided and Burkey
20 Revised 8.90 ±0.050 ±0.224

Synthetic urine. 8 micro- 10 Bambach 7.9 ±0.024 ±0.077
grams Pb added and Burkey

10 Revised 8.16 ±0.073 ±0.230
Synthetic urine. 40 10 Bambach 38.66 ±0.209 ±0.66

micrograms Pb added and Burkey
10 Revised 39.8 ±0.201 ±0.64

Table Y. Results Obtained on Duplicate Salllpies by
Extracting with Dithizone at pH 9.5 and n.5

Found by
Bambach Found by

and Burkey Revised
Description Method (1) Procedure

Mg. Mg.

Urine 1185 0.325 0.320
Urine 1282 0.175 0.177
Urine 1299 0.160 0.160
Urine 1487 0.190 0.187

Feces 1216 0.430 0.430
Feces 1438 0.57 0.56
Feces 1442 0.52 0.51
Feces 1368 0.31 0.33

Food (mixed 24 bour total) 1369 0.19 0.19
Food (mixed 24 hour total) 1421 0.18 O. 19
Food (mixed 24 hour total) 1576 0.16 0.16
Food (mixed 24 hour total) 1624 0.33 0.33

statistically significant; slightly superior accuracy is shown by
the revised method, particularly in the higher ranges of concen
tration. The reproducibility of the results, on the other hand,
is somewhat superior in the case of the Bambach and Burkey
method (1).

In the analysis of biological material, special precautions must
be taken to prevent interference by bismuth. For this reason, it
is necessary to make a preliminary extraction, which isolates
lead and bismuth from the extraneous ash, and then to remove
the bismuth before proceeding to the final lead step of extraction
and photometry. The initial extraction may be made within
the range of pH 8.5 and 11.5, but it is best to work at the lower
pH (not exceeding 9) if the bismuth separation is to be made by
washing the initial extrl),ct with the buffer solution at pH 3.4 (1).
~hanges in the buffer at this point will result in low recoveries
or'lead, and the losses are not reclaimed unless the initial chloro
form extract is washed thoroughly with water to remove en
trained alkali. When the initial extraction is made at pH 8.5, a
single wash of the chloroform extract with 50 ml. of distilled
water is sufficient to remove all the entrained alkali. On the

"other hand, at pH 11.5, interfering quantities of alkali remain
even if the chloroform extract is washed with two 50-ml. portions
of distilled water, and there may be significant losses of lead.
Hence, pH 8.5 is chosen for the initial extraction.

pH of
Extracted afterAdded Final Extracted

PO.- Extraction Immediately 10 min. 20 min. 30 min.
M? 'Y 'Y 'Y 'Y

0 9.5 50 50
11.5 49 49.9

1 9.5 33 42.5
11.5 50 49.7

2 9.5 10.5
11.5 48 49

3 9.5 8.5
11.5 51 50

4 11.5 49.8 49 48 49
5 11.5 50 . 50

Table III. Effect of Phosphate Ion on Extraction of Lead
with Dithizone

(50 micrograms of Pb)

tel' the phosphate and lead had been.allowed to remain in contact
for various periods of time. The extraction of lead with dithizone
at pH 11.5 is quantitative even in the presence of 5 mg. of phos
phate ion. On the other hand, low recoveries are obtained at pH
9.5 in the presence of 1 mg. of phosphate or less. Actually, other
experiments have shown that quantities of phosphate as low as 0.5
mg. in the final solution prevent the complete extraction of lead.

In the Bambach-Burkey method (1) solutions of lead dithizo
nate may be subjected to photometry without preliminary filtra
tion. Although the same procedure may be followed in extracting
at high pH, the results so obtained show a lesser degree of repro
ducibility than do those obtained after filtration. A convenient
and rapid method of filtration is provided by the insertion of a
small pledget of cotton into the stem of'the funnel. No special
purification of the cotton is required other than that accomplished
by wasting 2 ml. of the chloroform phase through the pledget be
fore filtering the remainder into the measuring cell.

The use of a specific type of cell (Style D, American Instrument
Company, or equivalent) permits the employment of small vol
umes of solution and results in an increased sensitivity of detec
tion. Only 15 ml. are used and only 10 ml. of this amount are
required to fill the cell (having a light path of 50 mm.) which is
used in the range 0 to 15 micrograms of lead.

As shown by Snyder (4), it is no longer necessary to prepare
separate standard solutions of dithizone for the three ranges of
lead concentration, and the same extraction solution which is used
for the initial extraction can be used in the final estimation of
color. For the final extraction of lead, the proper quantity of di
thizone also may be included in the ammonium hydroxide-potas
sium cyanide mixture. After adding the mixture, it is only nec
essary to add 15 ml. of clear chloroform to extract the lead.' Such
a mixture has been employed in a rapid screening test for lead in
urine (3). Solutions of this type have been kept apparently un
changed for more than six months. The great convenience asso
ciated with the stability of such solutions is obvious,' especially
in laboratories in which only occasional lead determinations are
carried out. Under these conditions, the buffer solution cont~in

ing the dithizone can be stored in a refrigerator,' and preserved
further' in an unchanged state. The initial extraction solution
can then be made up as required and in sufficient amounts to
take care of current samples.

Mg.IIOO g.

0.051
0,066
0.044
0.061

Mg./100 g.

0.055
0.066
0.044
0.061

Spectrographic (2)

0.050
0.060
0.050
0.055

Blood 2152
Blood 2153
Blood 2185
Blood 2192
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A Rapid Colorimetric Method
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A rapid quantitative colorhnetric lI1ethod is proposed for the deterll1ination of
lI1agnesiull1 in plant tissue and soil extracts. It is based on the use of thiazole'
yellow and a cOll1pensating starch solution to give a reproducible color that can
be lI1easured in a photoelectric colorill1eter. Ii is not necessary to rell10ve iron,
alull1inull1, manganese, phosphorus, or calciull1. Both the precision and ac
curacy are well within accepted standards for colorill1etric lI1ethods.

AQUANTITATIVE procedure for determining small amounts
of magneslum in plant material by using titan yellow· has

been described by Kidson (2). Gillam (1) described a titan
yellow method for determining magnesium in fertilizers and
soil extracts. In' both methods iron, aluminum, phosphorus,
and calcium have to be removed and ammonium salts destroyed
by time-consuming processes. Peech and English (4) examined
the titan yellow procedure carefully and developed a direct,
rapid semiquantitative method for the determination of mag
nesium in soil extracts in the presence of calcium, iron, aluminum,
and manganese. By using their procedure as a basis, and thia
zole yellow as recommended by Mikkelsen and Toth (3) instead
of titan yellow, a rapid quantitative colorimetric method has
been developed for determining magnesium in tung leaves, and
probably can be Jlsed for other plant tissue.

REAGENTS

Thiazole Yellow, 0.100/". Dissolve 0.10 gram of thiazole yellow
(obtained from General Dyestuffs Corporation, New York,
N. Y.) in 100 ml. of water and store in a dark bottle. This re
agent will keep at least 2 months under ordinary conditions.

Hydroxylamine Hydrochloride, 5%. Dissolve 25 grams of
hydroxylamine hydrochloride in water and dilute to 500 ml.
Store in a dark-colored bottle.

Sodium Hydroxide, 2-5 N. Dissolve 100 grams of sodium hy
droxide in water and dilute to 1 liter.

Starch Solution, 2%. To 2 grams of C.P. soluble starch add
enough water to make a paste and add slowly, while stirring, the
remainder of 100 ml. of hot water. Filter if necessary. This re
agent should be prepared freshly as needed. Best results were
obtained with Baker and Adamson's reagent grade.

Compensating Solution. Dissolve 3.7 grams of calcium chlo
ride (CaCl,.2H.O), 0.74 gram of aluminum sulfate (Al,(S04)3.
18H.0), 0.36 gram of manganous chloride (MnCl,.4H.O), and 0.60
gram of sodium phosphate .(Na3P04) in about 500 ml. of water
containing 10 ml. of concentrated hydrochloric acid. Dilute to 1
liter.

Starch Compensating Reagent. Mix equal volumes of the
'Starch solution and compensating solution. Prepare daily as
needed.

Standard Magnesium Solution (25 p.p.m. of" magnesium).
Dissolve 250 mg. of reagent grade magnesium metal in dilute
hydrochloric acid solution (150 ml. of water plus 10 ml. of con
centrated hydrochloric acid) and bring to volume in a 250-ml.
volumetric flask. Dilute this solution 1 to 40 for the working
standard of 25 p.p.m. of magnesium.

PROCEDURE

Take an aliquot of the hydrochloric acid solution of plant ash
that should contain 0.025 to 0.15 mg. of magnesium. With
tung leaves a convenient procedure has been to ash 2 grams of
dry ground material, dissolve the ash in dilute hydrochloric acid,
and make up the solution to 100 ml. A 1-ml. aliquot of this
solution is satisfactory to cover th~ range 0.10 to 0.70% of
magnesium in the leaves on a dry basis. For smaller or larger
concentrations than this the aliquots should be adjusted accord
ingly.
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Transfer the aliquot to a 50-ml. volumetric flask and add
enough water to bring the volume to about 25 ml. Add 1 ml.
of the hydroxylamine hydrochloride solution and ,5 ml. of the
starch-compensating solution and mix the solution. ,Add ex
actly 1 ml. of thiazole yellow solution and mix the solution, and
then ~dd 5 ml. of the sodium hydroxide solution. Bring the
flask to volume with water, mix thoroughly the contents, and
allow them to stand for 10 minutes before reading on a photo
e.lectric colorimeter using a green filter. The color is stable for
several hours. The concentration of magnesium is obtained
from a standard curve as described below. A Cenco photelometer
with the green filter 525 p was used in this work. The colorimeter
is set to read 100% transmittance with a blank ::!olution that is
run by the same procedure used with the samples and standards.

STANDARD CURVES

When 0-, 1-, 2-, and 5-ml. aliquots of the standard solution of
25 p.p.m. of magnesium were analyzed exactly as described
above and the readings plotted on semilog paper, a straight-line
relationship was obta,ined. Because of temperature variations
and possibly other fa~tors, good reproducibility' of the standard
curve was not obtained. Therefore for the highest accuracy
and precision itis necessary to run a 5-nil. aliquot of the standard
solution in duplicate with each set of determinations. A curve
for the set is then constructed by drawing a straight line from 0
concentration and 100% transmittance through the point ob
tained in the reading of the st,andard. It is convenient to pre
pare in advance a number of curves, one or two on each sheet of
graph paper, and to use the appropriate curve for each set of
determinations. The colorimeter reading for the 5-ml. aliquot
of the standard usually is in the range 75.0 to 79.0 with the
Cenco photelometer used in this laboratory.

ANALYTICAL RESULTS

The precision of the method was tested by analyzing 13 samples
of tung leaves from widely different localities, ranging in mag
nesium content from 0.11 to 0.88% on an oven-dry basis. Each
sample was ashed in triplicate, and triplicate determinations
were made on each of the ashings. Thus nine determinations
were made on each sample. A statistical analysis of the data
obtained showed that the standard deviation of a single deter
mination is 0.019%. Hence the standard deviation of thl)
difference between two duplicate determinations is 0.027. This
means that about two thirds of duplicate determinations should
agree within 0.027% and 95% of them should agree, within
0.054%. The standard error is 4% of the mean of all deter
minations, which is well within accepted standards for colori
metric methods.

The accuracy of the method was tested by comparison with
the standard volumetric procedure of titrating the magnesium
ammqnium phosphate precipitate with standardized 0.1 N
hydrochloric acid. Ten samples of tung leaves from widely
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Sample Volumetric Colorimetric

Table I. Magnesiulll Deterntinations on Tung Leaf
San~ples

% n,1agnesium. Dry Weight Basisu

different localities and ranging in magnesium content from 0.14
to 0.61 % by the standard method were used for the comparison.
Triplicate determinations were run on each sample by the two
methods. The data are given in Table 1.

The values obtained by the two methods were in close agree
ment; the mean of the colorimetric determinations was lower
than that of the volumetric determinations, but the difference
was not statistically significant (Table I). It was noted that
the differences between volumetric and colorimetric readings
were greatest for high percentages of magnesium. The coef
ficient of correlation was found to be +0.992 and the coefficient
of regression of volumetric on colorimetric readings was 1.069
± 0.048 (5). As the regression coefficient does not differ sig
nificantly from unity, the trend observed in the ten samples of
Table I is probably due to chance and one would not be justified'
in using value~calculated from the regression equation.

The method was found applicable to the determination of
exchangeable magnesium in soils, using a 0.1 N acid solution of
the ammonium acetate extract. Eight soil samples from dif
ferent parts of the tung belt were run for exchangeable mag
nesium by the method described above and by the standard
gravimetric procedure, using 8-hydroxyquinoline. Duplicate
determinations were made on each sample by the two methods
(Table II).

The values obtained by the two methods were in good agree
ment. The coefficient of correlation was found to be + 0.9985;
and the eoefficient of regression of gravimetrie on colorimetrie
values ,Vas 1.097 ± 0.025, which has high statistical significance.

a l\1ean of triplicate de"terminations.

Exchangeable Magne-
sium per lOO·Grams of

. Soila

Colori- Gravi-
metric, metric,

'thiazole 8-hydroxy-
Depth, yellow, quinoline,
Inches m.e. m.e.

7-14 0.05 0.05
0-6 0.15 0.18
0-6 0.25 0.21

0-6 0.29 0.27
0-5 0.32 0.30
0-6 0.64 0.62
0-6 1.0'4 1.22

12-36 2.73 2.95

Hague, Fla. Ft. Meade loamy fine
sand

Orangeburg sandy loam
Ora fine sandy loam
Pheba fine ~andy loam
Gainesville fine' sandy

loam
l\1agnolia, Miss. Ruston fine sandy loam

a Mean of duplicate determinations.
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Location Soil Type

Morriston, Fla. Lakeland fine sand

Fairhope, Ala.
Folsom, La.
Sunnyhill, La".
Hague,Fla.

DISCUSSION

In addition to the calcium and aluminum in the compensating
solution suggested by Peech and English (.4-), it was found neces
sary to ad<:i manganese and phosphorus as well. Although hy
droxylamine was used to prevent manganese interference as
recommended by Peech and English, some samples high in
manganese gave results that were too high.' Addition of man
ganese chloride to the compensating solution corrected this
error satisfactorily.

Because there was some intensification of color in the presence
of phosphate ions, it is necessary to include phosphate in the
compensating solution. The amount of phosphate as well as
calCium, aluminum, and manganese ~dded in the compensating
solution is on the average about five times as much as is present
in the aliquot of the ash solution being analyzed, so that the
effects of these ions present in the sample are negligible.

Table II. Deterntinations of Exchangeable Magnesiunt in
Soils

0.1,3
0.27
0.31
0.33
0.34
0.34
0.35
0.45
0.52
0.58
0.364

0.14
0.29
0.29
0.33
0.35
0.37
0.39
0.45
0.54
0.61
0.376

1
2
3
4
5
6
7
8
9

10
Mean

Microdetermination of Carbon Monoxide in Air
A Portable Instrument

. ARNOLD O. BECKMAN, JAMES D. McCULLOUGH, AND ROBERT A. CRANE

Laboratories of Arnold O. Beckman, Pasadena 2, Calif., and University of California, Los Angeles 24, Calif.

THE instrument described was developed in response to a
request from the Office of Scientific Research and Develop

ment. Three models of the instrument were built; two were in
tended for laboratory use only, and the third was designed for field
use by inclusion of an internal battery.

The instrument makes use of two ehemical reactions,both of
which go to completion at 180 0 C.

CO (gas) + HgO (8, red) = CO2 (gas) + Hg (gas) (1)

3Hg (gas) + Se& (8) = 2HgS (8) + HgSe (8) (2)

Although neither of these reactions is new, the conditions and
method of application are radically different from those used by
previous investigators. Both reactions have been extensively

studied during the present investigation. In the case of Reaction
1 this study led. to an accurate gravimetric method for the deter
mination of carbon monoxide in air, based on the loss in weight of
the mercuric oxide. The analytical procedure as well as the study
of Reaction 1 has been described in an earlier communication (4).
Nordlander (5) using Reaction 2 developed an instrument for the
detection and semiquantitative determination of mercury vapor
in air by use of a selenium sulfide paper prepared by coating the
precipitated material onto white bd~d paper. The air' stream
being tested for mercury was heated to 70 0 C. and caused to
impinge normally on the coated surface. The intensity of black
ening as measured by photometry of the exposed paper gave an
approximation of the mercury concentration in the air.
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A portable instrument for the determination of carbon monoxide in air makes
use of two reactions, one between carbon monoxide and red mercuric oxide to
give mercury vapor and carbon ~oxide, the other between mercury vapor and
selenium sulfide. The mercury-containing air flows slowly along a selenium
sulfide test strip, and produces a black coloration over a length which is a direct
measure of the quantity of carbon monoxide in the original sample. Determina
tions can be made in a few minutes with an average error of less than 10%.
The instrument may be used over wide ranges of carbon 1l1Onoxide concentration
from a few parts per million up to abo':'t 3%.

Figure 1. Schematic Diagram of Carbon Monoxide
InstrulDent

A.. Vent to atmosphere. C. charcoal trap. H. heater coil. L.
pilot lamp. P. _pump. R. reaction tube. S. sample intake. T.
thermoswitch. V. four· way valve with positions S to p. P to A. P

to C. and S to C

REAGENTS AND MATERIALS

. Red Mercuric Oxide. A granular (8- to 14-mesh) form of the
oxide must be used. Its preparation from mercuric nitrate has
been fully described (1).

Selenium Dioxide. Commercial selenium powder was purified
as described by Campbell and McCullough (2). The pure selen
ium was then dissolved in C.P. nitric acid and the Tesulting solu
tion evaporated to dryness over a sand bath or hot plate in a hood.

Fip.al heat.ing to about 140 0 to 150 0 C. for an hour or two yields a
pure, white product.

PREPARATION OF SELENIUM SULFIDE PAPERS

Choice of Paper. Best results have been obtained with
Whatman No.1, Schleicher and Schuell (American) No. 602
Extra Dense and No. 598. A heavy paper such as S. and S. No.
598 takes a heavier deposit of selenium sulfide and is accordingly
more useful in the higher concentrations.

Selenious Acid Solution. The areal concentration of selenium
sulfide in the test papers is directly proportional to the cc;mcen
tration of selenious acid solution used. . For carbon monoxide
concentrations in the range 0 to 200 p.p.m. a solution 0.025 formal
in selenious acid is satisfactory when Whatman No.1 paper is
used. In the range 10,000 to 30,000 p.p.m. of carbon monoxide,
1.0 F selenious acid on S. and S. No. 598 was used with success.
The selenious acid concentration most satisfactory for any par
ticular range may be estimated with sufficient accuracy from
these figures; S. and S. No. 598 paper is about 2.5 times as thick
as Whatman No. I and accordingly takes up proportionally morlf
of the solution.

Impregnation of Papers with Selenium Sulfide. Large sheets
of the paper are cut into pieces about 20 cm. (8 inches) square, and
a strip about 0.5 inch wide is folded down on one edge and
fastened with three staples. A stiff Chromel wire about 10 inches
long is inserted under the folded part of each paper to give a
suit.able handle and also to keep the papers straight when wet.

In groups of eight the papers are immersed in the selenious acid
solution for about 10 to 15 minutes. They are then hung up to
drain for about 5 to 10 minutes, the time depending on the tem
perature and humidity of the air, until they are well beyond the
dripping stage but not dry. After exposure to hydrogen sulfide
gas for about 10 to 15 minutes in a large glass tank, the papers are
hung up in a well ventilated place to dry. When completely dry
they are stacked and pressed flat.

Baking Selenium Sulfide Papers. The stability of the selenium
sulfide papers is increased by baking for about 30 minutes at
140 0 C. If forced air circulation is not provided in the oven, the
papers must be rotated or turned frequently to prevent uneven
sublimation of the active material During baking the cllior
deepens from yellow-orange to red-orange and the colloidal par
ticles of selenium sulfide fuse into larger glassy, atnorphous beads.
X-ray diffraction patterns. of the material both before and after
baking show no evidence of crystallinity.

Cutting of Test Strips. After about 1.5 inches from top and
bottom and 0.5 inch from each side are trimmed away, the papers
are cut into strips 0.125 by 4.5 inches. BeCll.usc the accuracy of
the analyses depends on the uniformity of width of the strips, the .
cutting must be done carefully. A metal spacing gage fastened
to the cutting edge of a good quality' photographic trimming
board has been found satisfactory. The strips from a given
square are fairly uniform, but there is often considerable variation
from one square to another. The strips are therefore segregated
according to the squares from which they are 'cut and stored in
stoppered vials. They are stable if kept in the dark, especially if
kept cold. Papers stored in a refrigerator for over a year have
kept their original calibration. Under ordinary laboratory tem
peratures t.he papers retain their calibration values for several
mont.h~ if kept dark.

THE INSTRUMENT

. A schemat.ic diagram of the instrument is shown in Figure 1;
Figures 2 and 3 are photographs of two models of the instrument.

The pump and valve mechanism are critical parts and required
considerable experimental work in their development.

The pump body consists of a stainless-steel tube 1 inch in in
side diameter by 4 inches long, t.he inner sUl'face of which is

,~
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Improvements in the method employed both in making .the
selenium sulfide papers and in their use were developed during the
present investigation. In the preparation of the papers a better
result from every standpoint was obtained if the selenium sulfide
was precipitated in the pores of the paper. This was accomplished
by impregnating a good quality of smooth filter paper with
aqueous selenious acid solution, followed by exposure to hydrogen
sulfide gas. The improved method of using the papers is an
adaptation of that described by Sanger and Black (6), who used
mercuric chloride test papers in the microestimation of arsenic by
the Gutzeitmethod.

Instead of impinging normally upon the test paper as in the
Nordlander method, the gas stream flows lengthwise along a
narrow strip of the test paper. The mercury vapor produces a
black coloration which extends progressively along the strip in
substantially linear relation with the mercury-i.e., carbon
monoxide-concentration. The carbon monoxide concentration
in the original gas sample is accordingly determined by the length
of the blackened portion of the test strip, and the necessity for
photometry is avoided.
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Table I. Calibratio!J. Data for Selenium Sulfide Papers

Figure 2. Carbon Monoxide Instrument, Model A

temperatures reaction of the oxide with hydro
gen and hydrocarbons introduces errors when
these substances are present. Proper reaction
temperature is maintained by use of an electric
heater controlled by an Edison thermoswitch.
The reaction tube, heating coil, pilot light, and
thermoswitch are contained in a half-pint
Thermos bottle and are held in place by
asbestos fiber insulation. The pilot light is a
small neon lamp, which is placed next to the
upper end of the exhaust tube, so that its glow
may be seen through the tube.

Figure 3. Carbon Monoxide Analyzer

OPERATION OF THE INSTRUMENT

Detailed instructions for use of the instrument
are contained in the final report (1) by the
authors to the office of Scientific Research and
Development; hence only an outline is given here.

Testing Air Blank. Because mercuric oxide dis
sociates to a measurable extent, even at 175 0 C.,
the instrument will always show a small amount
(l to 2 mm.) of blackening with carbon

mOIlDxide-free air. As mercuric oxide tends to absorb free mer
cur~r at room temperature, the air blank should always be tested
before making analyses. .

This is done by allowing the instrument to heat to the reactIOn
temperature, at which time the pilot light comes on. With the
valve at the sample position, a sample of pure air is drawn in by
slowly raising the pump to the top of its stroke. The valve is
t.urned momentarily to the vent position, then on to the run
position. A right-angle bend is made in a test strip about
0.5 inch from one end and the other end inserted in the reaction
tube. The catch on the piston rod is released, permitting the
piston to fall slowly. The piston is timed to fall in about 3 min
utes. If the fall is too rapid, the boundary of the black coloration
on the test strip is not sharp.

If the first air blank is more than 2 mm. (as it may be if the
instrument has not been used for several days), two or three more
determinations should be made. This will bring the blank down
unless the reaction tube has been unused for a long period or is
contaminated. In this case the tube should be conditioned by
passing a slow stream of pure air through it for several hours at
about250°C.

Making an Analysis. The container holding the sample to be
analyzed is connected to the sampling inlet and the same proce
dure is followed as outlined under "Testing Air Blank." For best
results, test strips should be chosen so that the trace is between
20 and 40 mm. The first determination for each new sample
should be discarded, because the reaction tube will contain some
of the previous sample (or air). Five additional strips are usually

19.1

18.9

12.9

11.3

13.0

Calibra
tion

Mm./100
p.p.m.

0.4

1.2

0.7

0.6

0.3

Mm.

Mean
Deviation

from
Av.

33.9

11.9

13.6

13.7

Mm. Mm.

14.0 14.0
14.0 13.5
14.0 13.5
14.0 13.2
14.2 13.0

13.2 13.7
13.0 12.0
14.0 14.0
14.7 14.7
13.0 14.0

13.5 11.0
11. 5 12.2
11. 2 12.0
11.0 11.5
12.7 12.7

32.0 34.0
34.0 35.0
34.0 34.5
33.0 35.0

34.5 33.0
34.0 34.5
34.5 35.0
34.0 35.0

P.p.m. Mm.

105

Con~~tra- Length of Blackening
lion Front Back Av.

275 180

34.3

274 180

151 105

152 105

Paper
No.

150

accurately ground and honed. An aluminum piston about 0.75
inch long is carefully turned to a diameter 0.001 inch less than
the bore of the tube. It is operated without lubricant. As the gas
pressure within the pump is only slightly above atmospheric pres
sure (being determined by the weight of the piston and rod),
leakage past the piston is small and any variation ih the rate of
leakage is negligible. The piston and rod are made as light as
possible and a slight constriction in the line suffices to slow the
rate of gas flow through the instrument to the desired rate of 15 to
20 ml. per minute.

The four-way rotary valve consists of two- flat, circular plat.('s
held tightly together by spring tension. Each plate has appro
priately located grooves and ports for proper routing of the gas
stream. The routes followed in each of the four positions are
noted on Figure 1.

To remove unsaturated hydrocarbons and higher saturated
hydrocarbons (butane and above) a charcoal trap is included br
tween the valve and the reaction tube. This trap consists of a
5-inch length of 6-mm. glass tubing containing 8- to I4-mesh
activated charcoal between Pyrex glass-wool plugs. The Pyrex
reaction tube serves as the holder of both the mercuric oxide and
the selenium sulfide test paper. The tubing into which the test

. strip is to be inserted is carefully chosen, so that its inside diameter
is slightly larger than the width of the test strips.

The optimum operating temperature of the instrument is 175 °
to 180 0 C. At lower temperatures the reaction between carbon
monoxide and red mercuric oxide is incomplete and at higher
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Table n. Concentrations of Carbon Monoxide in Eight
Carbon Monoxide-Air Salllpies

(Determined by Beckman-McCullough method in order of analysis com-
pared with 1,0. reference method)

Analysis 1,0.
Method Carbon Monoxide, Parts per Million

90.5 184.6 44.8 320 244.7 25.866.2 137.8 137.8
95 184 40 261 215 26 56 128 155
96 202 54 279 214 23 55 119 142
92 215 42 281 197 25 61 119 146

102 204 49 278 216 25 57 123 149
Beckman- 103 195 44 269 215 21 60 117 149

McCullough 93 201 42 264 208 22 57 122 146
method 101 201 50 266 220 27 65 127 152

92 169 .47 261 208 27 55 121 159
95 182 44 266 216 21 60 122
90 192 43 276 214 25 61 119

Av. 95.9 194.5 45.5 270 212 24.2 58.7 121. 7 148.5

:\1ax. 103 204 54 279 220 27 65 128 155
Min. 92 169 40 261 197 21 55 119 142

Per Cent Recovery of Carbon Monoxide

Av. 106.0 105.4 101.6 84.4 86.6 93.888.7 88.7 107.6

Max. 113.8 110.5 120.5 87.2 90.0 104.798.2 92.9 112.5
Min. 101. 7 82.9 89.3 81.6 80.5 81. 4 83.1 86.4103.0

prepared, the traces on bo'th sides measured, and the ten resulting
values averaged.

PERFORMANCE

The accuracy of the instrument may be judged from the data
given in Tables I and II. Table I shows typical res:llts obtained
in the authors' laboratories in the calibration of five lots of
selenium sulfide test papers. The data in Table II were obtained
durin'g comparative tests (3) of five methods for the determination
of carbon monoxide in air at Naval Medical Research Institute.

Table II, which is taken directly from Consolazio's report, com-
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pares the results obtained with' the mercuric oxide instrument
with those obtained with an iodine pentoxide train. The mean.
deviation of the instrument values from those obtained by the
iodine pentoxide method is·S.9%, which is good at these low con
centrations. Some of the deviation is without doubt due to
errors in the iodine pentoxide method, which was said by the
author of the report to be perhaps as high as 5%. That the in
strument error is almost entirely in the selenium sulfide step is
shown by the high accuracy of the gravimetric method based on
the mercuric oxide reaction (1). Instrument accuracy is high
enough for many laboratory and most field requirements and the
instrument has the distinct advantages of speed and simplicity.

In over five hundred determinations with one of these instru
ments in the writers' laboratory in the calibration of papers no
servicing of the instrument was required.
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Argentometric Microdetermination of Organic Chlorine
KEIITI slsmo AND HIROSI YAGI

Department of Industrial Chemistry, Faculty of Engineering, Kyoto University, Kyoto, Japan

A salllple containing about 2 Illg. of cWorine is digested with an excess of metallic

sodium in butyl or amyl alcohol according to the method of Stepanow. The

resuIti;ng chloride ion is titrated with 0.01 N silver nitrate solution and bromo

phenol blue is used as an adsorption indicator.

I NTEREST in organic chlorine compounds has made necessl1-ry .
the establishmE)nt of a suitable method for the determination

of chlorine. Most of the micromethods listed in textbooks
Pregl-Roth (11), Niederl-Niederl (9), and Ochiai_Tsuda (10)
as well as in the literature could not be performed because of the
postwar shortage of .equipment. Even the Carius micromethod,
which is .perhaps the most universal, could not be carried out
because of the lack of suitable glass tubing and fuel gas for
sealing the Carius tubes and heating the Carius oven. Other
methods required special equipment or rare reagents or were too
complicated or time-consuming.

In the authors' laboratory, carbon and hydrogen analyses
are performed by specialists and the research chemist need only
purify and submit the sample. Sulfur and halogen determina
tions must always be done by the research chemist himself.

According to the prewar literature available to the al.!-thors,
no simple method of analysis exists. In order to determine the
chlorine in organic combination, it must first be converted into
the ionic form. For this purpose, chlorine co~pounds with the
exception of hydrochlorides and alkyl chloride addition products
of organic. bases (13, 15) must be decomposed by the Carius,
oxidation, reduction, combustion, fusion, or other method.
The Stepanow method (14), in which the compound is digested

with metallic sodium to convert the chlorine to chloride ion,
dispenses with special apparatus, is free from explosion, and is
rapid and as in the Kjeldahl method for nitrogen, many analyses
can be carried out in parallel at the same time. As the result of
recent developments, the method is now improved in accuracy
and reliability. Indeed, the analysis of a compound, for which
even the Carius method failed to give a correct value, has been
successfully carried out (1, 3, 4, 5, 6, 8, 12, 16).

Chloride ion is best determined by means of the silver salt.
Both volumetric and gravimetric procedures are used. Al
though Rauscher (12), in modifying the Stepanow method,
employed gravimetric analysis on a micro scale, a volumetric
modification is preferred because of its simplicity, even though
it is less accurate than the gravimetric procedure. The errors
are attributable to the buret and to the indicator. The back
titration (of the Volhard method), which doubles the largest
error, must be avoided and the nature of the color change must
be carefully studied. The original Stepanow method and many
of its improvements, in which the Volhard back-titration is used,
are unsatisfactory when applied to microanalysis. Another
objection to the Volhard method is the fact that the reddish
brown color of ferric thiocyanate often becomes indist'inguishable
from that of the solution titrated and is influenced by tempera-.



a Substances synthesized recently in authors' laboratory and analyzed by lVIiss Meizy6 for their
carbon and hydrogen contents to confirm the purity.

which hinders the easy distinction of the color change of the in-
dicator. .

PROCEDURE

A sample containing about 2 mg. of chlorine is weighed out in a
manner analogous to the Dumas micromethod and transferred to
the flask. A 'volume of 3 mI.. of alcohol or less is added to dis
solve the sample. If the sample is not easily soluble in alcohol
it is dissolved in an appropriate solvent containing no halogen
and then the alcohol is added.

A piece of clean sodium weighing 0.03 to 0.05 gram is added.
.The sodium need not be weighed every time, but the amount
must be judged by the eye as constant as possible in order to .
keep the error produced by the impurities within the allowable
limit..

After the condenser is attached, the flask is shaken at room
temperature until the reaction ceases. Then the vessel is heated
gradually during 10 minutes and finally the refluxing is con
.tinued with strong heating for 10 to 15 minutes.

The flask is allowed to cool and about 10 m!' of water are added
to dissolve the sodium chloride. After addition of 1 to 2 drops of
the bromophenol blue solution, the contents of the flask are
neutralized wit.h 10% acetic acid until the color of the indicator
becomes yellow. The pH of the solution is therefore abolit 3.0.
The solution is then titrated with a 0.01 N silver nitrate solution.
Before arriving at the end point the color changes'slowly, from
yellow to blue-green, but this is not the true end point. The
end .point is sharply and clearly seen when one drop of the titrat
ing solution changes the color from' blue-green to violet. This
point. is also approximately distinguished by the mode of forma
tion of the silver chloride mass.

The same procedure is repeated without the sample, but
adding, after the digestion, 5.00 m!' of the 0.01 N sodium chloride
solution. The factor of the silver nitrate solution is thus deter
mined.

1.00 m!' of 0.01 N silver nit.rate corresponds to 0.35457 mg. of
chlorine.'

APPARATUS

A 50- to 100-m!. flask with a'ground-in reflux condenser-i.e.,
an acetylation flask. If a ground joint. is not available, a flask
fitted with a cold finger may work equally wei!.

A microburet with 0.05-m!. graduations.

REAGENTS

Sodium chloride, 0.001 N, used as a st.andard.
Silver nit.rate, 0.001 N. .
Bromophenol blue solution, 0.1 %. Bromophenol blue is

mixed wit.h the equivalent amount of sodium hydroxide solution
and diluted to 0.1 %.

Acetic acid, 10%.
Metallic sodium. Although metallic sodium often contains

sodium chloride as an impurity, this need not be considered, as
the error produced can be eliminated by the blank test. -

n-Butyl alcohol, isobutyl alcohol, or amyl alcohol. The al
cohol must- be digested with metallic sodium to remove alde
hydes and distilled; otherwise the' aldehydes polymerize by the
action of sodium and give to the solution a brown coloration

ANALYTICAL C HEM I S TRY

Table J. Results
0.01 N Differ-

Formula Sample AgNO, Factor Found Calcd. Booe

Mu. MI. % % %
C,CI, 2.050 5.25 0.9900 89.90 89.87 +0.03

2.290 5.89 90.29 +0.42 .
C,H,Clo 2.976 6.71 0:9887 79.04 78.89 +0.15

3.165 7.10 78.64 -0.35
C,H,CI, 2.925 6.33 0.9523 73.07 73.20 -0.13

2.640 5.71 73.03 -0.17
C14H,CI, 4.166 6.34 0.9451 51.00 51.23 -0.23

4.383 6.70 51.22 -0.01
C"H20CI, 11.432 5.88 0.9433 17.20 17.63 -0.43

C,H,CI, 4.001 6.38 0.8590 .48.57 48.29 +0.28
4.574 7.29 48.54 +0.25
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phenylethanea

p-Dichlorobenzene

p~Dichlorobenzenehexa
chloridea

Benzene hexachlor'id.ea
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ture, and t.hat. silvel: chloride react.s with
ferric thiocyanate and thiocyanat.e ion.

When an adsorpt.ion indicat.or is used,
only one st.andard solut.ion, silverni
trate, is needed and t.he indicator underc

goes not. only" a color change but also a
change in fluorescence. - The end point
is therefore more clearly recognized:
This kind of procedure must. be ap
plied in order to avoid the fault.s of
the Volhard method. This modifica
t.ion has been described by Feldmann
and Powell (5) in a macrodetermiria
tion of halogens, but is not. applicable
as it. st.ands on a micro scale. Simple
calculat.ion shows t.hat. in order t.o
obt.ain the usual analyt.ical accuracy wit.h milligram quantities,
eentinormal solutions must. be used.

We need t.herefore t.o investigat.e anew t.he concent.rat.ion of
ehloride that can be t.itrated and t.he kind of indicat.or t.hat can
be used. Bromophenol blue (7,15) has been used wit.h success.
Tet.rabromophenolphthalein est.er, according t.o Sakagut.i (13)
gives excellent. result.s.

A sample cont.aining about. 2 mg. of ehlorine is decomposed by
reduction wit.h met.allic sodium in amyl or but.yl alcoho!' The
sodium chloride produced is now dissolved in about 10 m!' of
wat.er and t.it.rat.ed wit.h 0.01 N silver nit.rat.e solut.ion. Tl'te co.lor
change of t.he bromophenol blue is sharp even in t.he presence of
alcohol and decomposit.ion product.s.

Although the authors did not invest.igate compounds con
taining nitrogen, it is well known that the nitrogen is converted
to ammonia by metallic sodium and escapes from the reaction
mixture.

Kimura (6) and Bobranski (2) have shown that. the decom
position with sodium and the titration 'with an adsorpt.ion in
dicator' can be carried out on a' semimicro scale using 20 mg. or
more of sample weighed on an ordinary chemical balance and an
ordinary buret with a' 0.05 N silver nitrate solution. Ethyl
alcohol can be used as solvent if the chlorine is not firmly att.ached
to the nucleus or to an unsaturated carbon.

The time required for the analysis, including the weighing of
the sample, digestion with sodium, and tit.ration is less t.han an
hour. It is much more rapid than the Carius and combustion
methods. The errors are as large as in previous methods. The'
only apparatus necessary is a buret. and digestion flask with
ground-in reflux condenser. A test tube used as a cold finger
can be used to replace the condenser. The indicator, also used
as a pH indicator, is easily available.

This method is believed to be useful in microanalysis· for re
search purposes as well as semimicroanalysis in industrial work.



(' NOTES ON ANALYTICAL PROCEDURES ...
Determination of Iodine Numbers

DOROTHY J. HISCOX, Dominion Department of Agriculture, Ottawa, Canada
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Figure 1. Effect of VoluIlle of Wijs Solution on
Iodine NUIllbers

THE iodine number of oils and fats has long been used as a
measure of their unsaturation. The Wijs method, commonly

used, requires 30 minutes' absorption time. In 1939 the use of
mercuric acetate to speed the reaction, introduced by Hoffman
and Green (2), cut the absorption time to 3 minutes. Later
Norris and Buswell (3) investigated the use of mercuric acetate
with Hanus solution;' they used a reaction time of 3 to 5 minutes.

In all the investigations of the use of mercuric acetate empha
sis has been placed on the time factor. However, when hun
dreds of determinations have to be made, the volume of the solu
tions used also becomes a major factor. Norris and Buswell (3)
have shown in the 'case of tung oil that when mercuric acetate is
used the Wijs values vary only insignificantly in the reagent ex
cess ;'ange of 30 to 225 %. If the action of mercuric acetate is in
dependent of the presence of a large excess of iodine, it should bc
possible to reduce the volume of Wijs solution from that nor
mally used. Further, as the accelerated reaction leaves little
time.for the escape of halogens from the solution, stoppered flasks
might not be necessary.

With these points in mind the following method was developed:

Approximately 0.1 gram of the oil or fat was weighed and dis
solved in 10 m!. of chloroform in a 250-m!. Erlenmeyer flask.
Ten milliliters of Wijs were added, followed by 5 m!. of 2.5%
mercuric acetate in glacial acetic acid solution. After 5 minutes
(6 minutes for oil from flaxseed) 5 m!. of 15% potassium iodide
and 25 m!. of water were added. The excess iodine was titrated
immediately with 0.1 N sodium thiosulfate u~ing starch as an
indicator.

This method was compared with the official Wijs method of the
A.O.A.C. (1) on a large number of samples. For this investiga
tion Wijs solution was prepared in 18- to 20-liter quantities l),ud
kept in a stoppered bottle in the dark. Smaller v6lumes of 3 to
5 liters were transferred from this stock to a paper-wrapped bottle
as required. It has been found in this laboratory over a period of
4 years that Wijs solution need not be prepared every 30 days as
recommended by the A.O.A.C. Allowing for small variations
due to temperature, the titer of blanks remained the same for
6 to 8 months. Norris and Buswell (4) found that Wijs solution
could be kept well over a year. .

Samples of oil-bearing seeds, chosen at random from groups
grown across Canada, and commercial oils and fats were used in
the investigation. The oil was pressed from the seeds on a Carver
laboratory press and the iodine numbers were determined the
same day. From a few samples' the oil was extracted on the
Goldfisch apparatus using petroleum ether as the solvent. Trip-
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licate determinations were made on each sample by the two
methods.

T.able I. Iodine NUIllbers of Oils, Fats, and Fatty Acids

Because of the presence of ricinoleic acid, mercuric acetate
cannot be used .to determine the iodine number of castor oil
(3,5). .The iodine number of a sample of this oil was 85~3 by the
A.O.A.C. method 'and 91.4 by the new method. However, a
sample of sulfonated castor oil 50% neutral had an iodine num
ber of 30.1 by the A.O.A.C. and 29.5 by the new method.

(Each vahle is lliean of three determinations)
Sample

.Iodine Numbersand
Variety Crop Year A.O.A.C. New method Difference

Flaxseed
Royal 1945 170.8 170.1 +0.7
Redwing 1945 .182.7 183.4 -0.7
Dakota 1945 183.3 183.1 +0.2
Bison 1945 168.5 .170.3 -1.8
Crystal 1945 187.1 187.3 -0.2
Dominion 1945 182.8 182.3 +0.5
Royal 1946 183.0 184.1 -1.1
Redwing 1946 191.2 192.3 -1.1
Dakota 1946 190.9 190.7 +0.2
Bison 1946 180.2 181.6 -1.4
Crystal 1946 195.0 195.5 -0.5
Dominion 1946 186.6 186.9 -0.3
Gossamer 1946 200.3 201.0 -0.7
Norfolk Queen 1946 193.0 192.3 +0.7
Custer a 1946 185.3 186.8 -1.5
Victorya 1946 190.4 189.5 +0~9
Vikinga 1946 192.8 192.8 0.0
Novelty· 1946 180.7 181.3 -0.6

Soybeans
Early Blackeye 1944 126.9 127.9 -1.0
Goldsoy 1944 134.5 134.9 -0.4
Manitoba Brown 1944 135.4 136.7 -1.3
Pagoda 1945 133.0 133.2 -0.2
Kabott 1945 131. 7 132.6 -0.9
l\tlanitoba Brown 1945 135.4 137.2 -1.8
Mandarin 1945 130.7 131.3 -0.6
La Pealon 1945 132.4 130.9 +1.5
M-229 1945 130.8 128.3 +2.5
Lincolna 1946 137.1 137.5 -0.4
Mandarina 1946 128.3 130.1 -1.8
Richland n 1946 126.1 127.9 -1.8
Harmanu 1946 134.2 134.3 -0.1-
Le Platou 1946 138.1 137.0 +1.1'
Kabott 1946 141 :2 139.8 +1.4
Pagoda 1946 141.2 141.3 -0.1

Sunflower
Sunrise 1944 127.7 129.8 -2.1
3975 1944 134.5 132.4 +2.1
3977 1944 125.1 125.5 -0.4
3978 1944 130.3 128.8 +1.5
Sunrisea 1945 131. 9 132.5 -0.6
Mennonitea 1945 136.0 135.7 +0.3
Sunrise 1946 136.5 138.2 -1. 7

. Safflower
CD 3477" 1945 155.2 154.5 +0.7
Type 6" 1945 151.6 151.7 -0.1
Pusa 2~ 1945 135.3 133.4 +1.9
Simlaa 1945 147.9 150.3 -2.4
Karrona 1945 150.9 149.2 +1.7

l\liscellaneous
Peanut oil Commercial 102.5 103.2 -0.7
Corn oil ·Commercial 123.6 121. 9 +1.7
Pa.lm oil Commercial 8.5 6.9 +1.6
Olive oil Commercial 39.7 39.4 +0.3
Seal oil Commercial 42.3 44.6 -2.3
Rapeseed oil Commercial 93.6 92.1 +1.5
Croton oil Commercial 112.5 109.1 +3.4
Cottonseed oil Commercial 106.6 103.2 +3.4
Oleic acid Commercial 52.3 53.1 -0.8
Palmitic acid Commercial 54.6 53.1 +1.5
Stearic acid Commercial 4.0 4.9 -0.9
Butter Commercial 35.8 36.1 -0.3
Lard· Commercial 55.0 53.5 +1,5
Lamb fat COlllmercial 42.8 42.6 +0.2

Total 8018.3 8017.9 +0.4
Mean 133.6 133.6 0'

o a Oil extracted on Goldfisch apparatus with 'petrol,eunt ether as solvept.
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The results of the iodine number determinations are given in
Table I, which lists the means of the triplicate iodine numbers
determined by the two methods and the differences between
them. There is no difference between the means of the methods.
In some individual samples the difference.is relatively large but
a statistical analysis of all the results showed that these differ
ences are not significant. The reduction in the volume of Wijs
solution did not affect the accuracy of the determination to any
significant extent. The standard error of a ~ingle mean, based
on triplicll,te determinations, was calculated for each type of oi!.
It was the same by both methods for soybean (±0.7), safflower
( :<,0.7), and thl;), miscellaneous group (±0.5). For flaxseed by
the A.O.A.C. me.thod it was ±0.9 and by the modified mercuric
acetate method ±0.8, whereas for sunflower it was ±O.7 and
±0.3, respectively.

With the volume of Wijs solution reduced to 10 m!. it seemed
advisable to determine how far this was above the theoretical re
quirements and how close to the theoretical the volume could be
brought without affecting the iodine number. For this purpose
composite samples of freshly pressed oil from soybeans, safflower,
and flaxseed were used. The iodine number was determined in
triplicate on 0.10o-gram samples, using varying amounts of Wijs
solution. Five-minute absorption periods were used except for
oil from flaxseed, where 6 minutes were allowed. From the
values obtained using 25 m!. of Wijs solution the theoretical
volume required for 0.100 gram of each oil was calculated.

The results of this experiment are presented graphically in
Figure 1. The equations for th~ lines were calculated from the
first five values for flaxseed, six for soybeans, and all for the saf
flower. The lines have been extended in the graph. only as far as
these values. The position of 10 m!. of Wijs solution is indicated
on each line by the vertical broken line marked X. The line
extends well beyond this point in each case, so 10 m!. of Wijs are
more than sJIfficient for the satisfactory determination of iodine
numbers. The regression coefficient was calculated in each case
and was insignificant. The lines, for ·all practical purposes, are
parallel to the axis. Inspection of Figure 1 shows that for iodine

numbers of 200 no excess of Wijs solution is present. Conse
quently when only Ip m!. are used, the weight of sample must be
reduced if the iodine number is over 200.

In all but the safflower samples the value of the iodine number
decreases when the· volume of Wijs solution closely approaches
the theoretical volume. This decrease may be partly compen
sated for by an increased time interval. When the smallest
volume of Wijs solution was uscd in the experiment with flax
seed and the time was increased to 10 minutes, the value of the
iodine number was increased from 181.5 to 183.7. With soy-'
beans, the increase was from 127.1 to 128.2.

SUMMARY AND CONCLUSIONS

The mercuric acetate method of determining iodine numbers
was modified by reducing the volume of Wijs solution and using
unstoppered flasks. Comparison with the offipial Wijs method
of the Association of Official Agricultural Chemists on a large
number of samples showed no significant difference between the
results obtained.

The effect of decreasing amounts of Wijs solution on the value
of iodine numbers was investigated. With nonconjugated fats
and oils 10 m!. of Wijs solutjon are sufficient for O.l-gram samples,
provided the iodine value is not more than 200..
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New pH Indicator for Titratio.n of Sodium_Carbonate
Disodium 4,4'-Bis(2-amino-l.,naphthylazo)-2,2'-stilbenedisulfonate

MICHAEL TARAS, Department of Water Supply, Detroit, Mich.

-INDICATOR PROPERTIES

The dye was prepared by the tetraazotization of 9.5 grams
(0.025 M) of 4,4'-diaminostilbene-2,2'-disulfonic acid, East
man Kodak T4614, and coupling with 8.0"grams (0.06 M) of

l3-naphthylamine, Eastman Kodak 174 (5). The amine was first
dissolved in 50 ml. of glacial acetic acid and distilled water was
added with stirring to a 100-ml. volume. Coupling was accom
plished in this 50% acetic acid solution.

.The disodium salt was formed by grinding a weighed quantity
of the dye in' a mortar with the calculated volume of 0.05 N so
dium hydroxide and diluting to the proper concentration. Two
concentrations of the dye were tested for indicator efficiency:
0.5 and 0.1 %. Both solutions have a deep red color. Two or 3
drops of the 0.5% solution suffice for every 5O-m!. volume ti
trated.. In the case of the 0.1% solution about 10 drops are
needed for the same volume. .

The 0.5% solution possesses a sirupy consistency, presenting a
minor problem of handling. On this account, most of the titra
tions reported in this paper were performed with the 0.1 % solu
tion.

The color characteristics of the indicator were tested using
sodium dibasic phosphate-citric acid buffers (3). These buffer
solutions showed the alkaline color of the indicator to be a delicate.

pH of 3.8, the indicator lends itself advantageously to -the titra
tion of 0.2 Nand 0.5 N sodium carbonate solutions on the one
hand, or alternatively, to the direct titration of proportionate

amounts of.the solid salt.
SOaH

b
SOaH
Io CH=CHN N

authority, the dye is known in the color trade as Hessian Purple
N extra and Direct Purple.

A study of the dye's properties discloses that it may function
profitably as a titrimetric indicator in the pH region near 4.0.

The defects of methyl orange indicator in the acid titration of
carbonates have long been recognized. Up to the present, the
remedy has consisted principally in modifying the indicator
through the addition of inert dyes like cyanole xylene FF (2).
Occasionally, bromophenol blue has been substituted for methyl
orange in this' titration (6). More recently, modified methyl.
yellow indicator (1) has been proposed for this titration. Each
indicator possesses peculiar merits and, handled discriminatingly,
provides advantages over the. older methyl orange dye.

Inasmuch as the sharpest color change of disodium 4,4'-bis
(2-amino-1-naphthylazo)-2,2'-stilbenedisulfonate occurs at a

THE dye resulting from the coupling of 1 mole of 4,4'-di
aminostilbene-2,2'-disulfonic acid with 2 moles of l3-naphthyl

amine is assigned the formuhi by Schultz (4). According to this

8
~~~

N N
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Table I. Titration of Sodium Carbonate SolutionsG

Volume of H,SO. Used

red shade. The first transition occurs at a pH of 4.0 with the
appearance of a faint mauve color. At a pH of 3.8, an emphatic
and sharp change to purple takes place. This was the end point
to which all titrations were conducted. The final conversion to a
bluish purple takes place near a pH of 3.0.

G All values represent average of five determinations.

In the electrometric standardization. of the sulfuric acid six
determinations were made on each solution. Results of deter
minations on the 0.2 N acid showed an average deviation from
·the mean of 0.03%; those of determinations on the 0.5 N aCid
showed an average deviation from the mean of 0.014%.

The indicator titrations were conducted in Erlenmeyer flasks
resting on a white background. Five determinations were made
on each of 10.00-, 25.00-, and 40.00-ml. volumes of the sodium
carbonate solutions. One drop of 0.1% indicator was used for
each 10 ml. of solution at the end point. Titrations were con
ducted'to the first definite purple color. No color standard was
used; the color response is so good as to render such a standard
superfluous, and artificial light or daylight can be used with equal
effectiveness.

Results given in Table I indicate the precision and accuracy
obtainable when the new indicator is used. Comparable results
were obtained in a series of determinations in which samples of
solid carbonate were titrated directly. One may conclude that
the new indicator is satisfactory for ordinary titrations of sodium
cli,rbonate with sulfuric acid.

Devia
tion

%
+0.19
+0.11

o
o

+0.11
+0.11

Na,CO.
Found
Gram

0.1062
0.2653
0.4240
0.2650
0.6632
1.0612

0:01
0.02
0.03

1<i:oo
25.03
40.05

Av. Av.
devia- devia-

tion tion
from 0.5 from
mean N mean
MI. MI. MI.

0.01
0.02
0.02

0.2
N

MI.

10.02
25.03
40.00

0.1060
0.2650
0.4240
0.2650
0.6625
1.0600

Na,CO.
in

Solu
tion

Gram

Na,CO.
Taken

Ml.

10.00
25.00
40.00
10.00
25.00
40.00

EXPERIMENTAL DETAILS

In the experimental work standard 0.2 Nand 0.5 N solutions of
sodium carbonate were prepared by dissolving the reagent grade
salt in carbon dioxide-free distilled water. Sulfuric acid solutions
of the same concentrations were used as intermediate standards.
Each acid solution was standardized by electrometric titration
against the corresponding sodium carbonate solution. The acid
solutions were then used as standards for the titration of the car
bonate solutions, with the experimental indicator. Experi
mental conditions were equalized as far as possible by employing
the same buret.s for the electrometric and the indicator titrations.
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Kinematic Viscometer Tube Cleaning Apparatus
JAMES McGLYNN. Socony-Vacuum Laboratories, Technical Service Department, Brooklyn, N. Y.

M ANY petroleum laboratories, where large numbers of kine-
matic viscosity determinations are made, are confronted

with the problem of cleaning the modified Fenske-Oswald kine
matic viscometer tubes. This operation normally, in addition
to being time-consuming, requires large volumes of solvent,
necessitates a large stock of tubes, and is accompanied by high
breakage.

This paper describes an apparatus by means of which a number
of tubes may be attached to a manilold and solvent circulated
through them until the mineral oil has been thoroughly flushed
out. From one to eight viscometer tubes can be cleaned in

approximately 5 minutes. In the author's laboratory this
allows twice as many tubes to be washed in unit time. The use
of this equipment results in a reduced consumption of solvent
for cleaning and cuts down the amount of tube breakage by
reducing the required handling.

A somewhll.t similar apparatus has previously been offered
for sale by laboratory supply houses, including C. J. Tagliabue
Company, Park & Nostrand Aves., Brooklyn, N. Y. The
apparatus described in this article may be purchased from the
Emil Greiner Co., 161 Sixth Ave., New York, N. Y.

Figure 1. Kinem.atic Viscometer Tube Cleaning
Apparatus

APPARATUS

The Kinematic viscometer tube cleaning apparatus (shown in
Figure 1) consists of the following parts: Solvent reservoir .con
structed of sheet brass having a capacity of approximately 3
gallons. G.E. explosionproof motor, 1/20 h.p., nO-volt, 60
cycle, I-phase, G.E. catalog No.5 KH 23 AC·15. Centrifugal
pump, capacity 3 gallons per minute, M. L. Oberdorfer Brass
Company, Syracuse, N. Y.

Valve manifold for connecting the modified Fenske-Ostwald
kinematic viscometer tubes to the system. Pressure relief valve
set at 1 pound pressure per square inch. Line filter, located on the
discharge side of the pump. Rack for supporting the viscometer
tubes in an inverted position.

An assembly drawing of the equipment is shown in Figure 2
(key cocks as indicated on this drawing are to be preferred to the
needle valves shown in Figure 1).

PROCEDURE

The solvent reservoir is charged ~ith a light petroleum solvent.
The usual precautions relative to the use of inflammable solvents
should be observed. The viscometer tubes, drained of excess
oil, are connected to the valve manifold in inverted positions.
The large-diameter side arm of the viscometer is connected to the
manifold by means of a 2-inch length of thick-walled synthetic
rubber tubing, 0.375 inch in inside diameter. The small-diameter
side arm of the tube is placed in the opening in the top of the res
e,rvoir and'supported in the rack provided. The valves are opened
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and the solvent is forced into the large side arm of the tube, dis
charging through the small side arm into the reservoir. The cir
culation is continued until the tubes are washed free of oil. The
v:alves a~e closed, and the ~ubes are removed from the apparatus,
rmsed WIth acetone, and dned by drawing air through them. The
entire cleaning operation for eight viscometers requires approxi
mately 5 minutes.

Whim the oil concentration in the solvent is such that I,hc vis
cometers are not thoroughly cleaned, the solvent is pumped out
of the reservoir by attaching a length of synthetic rubber tubi!l;!:
t·o one of the valve outlets and is discharged to a suitable COIl

tainer for disposal. Three gallons of solvent will clean approxi
matRI~' t,hree hundred tubes.

ANALYTICAL CHEMISTRY

The author's laboratory has had occasion to test large numbers
of competitive, used, and compounded oils containing many types
of additives. Except for cases as mentioned below, no condition
has been encountered where a light petroleum solvent will not
satisfactorily clean the tubes when the procedure as outlined is
follo\\·ed. Viscometer tubes soiled with used oils, asphaltic
mat·erials, or wax products are rinsed with a suitable solvent
bt'fore being mounted on the apparatus, in order to avoid ex
cessive contamination of the solvent in the reservoir.

RECEl\·F.O August 11, 194i•
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Fij!ure 2. Diagram of Apparatus

1. liz inch copper tubing, commercial
2. Two I/! inch coupling nuts, cOlUmercial
3. Two connector couplings. commercial
4. Wood pump base
5. Oberdorfer centrifugal pump
6. 'J/s X ~/16 inch ftexible coupling. commercial
i. G.E. explosiollproof motor. I/"!!l h.p.. 172~ r.p.m,. 115-\-0It,

alternat.ing current.
8. Wood mounting base
9. Brass mounting plate

10. 4 brass tank support«
11. Brass compression elbow
12. 12 brass No. 5-40 flat-head machine sero,,"S
13. I-lb. check Yah-e
H. -9 brass tees. ,/. X 1/. X '/< inch
15. 1/. inch brass pipe plug
16. 3/8 inch copper tubing
17. 4 coupling nut.
18. 3 connector couplings
19. ,/. inch brass elbow
20. Bra.. tank. 9 X 24 X 6 inches (No. 14 ~age)

21. Brass tube strap bar
22. Brass tank cover
23. '/. inch brass pipe plug
24. 16 brass No.4 flat-head wood screws
25. 31 brass No. 5-40 round-head machine screws
26. 8 commercial No. 4-40 flat-head machine screws
27. 8 steel spring clips
28. 8 rubber hose
29. Copper catch tray
30. 8 brass nipples
31. 8 brass ground key cocks (Lunkenheimerl, ,/. inch
32. 8 brass nipples, 1/. inch
33. 3 brass nipple straps
34. 2 brass street elbows
35. Oil filter
36. 6 brass No. 12 round-head wood screws
37. 8 brass No.5 round-head wood screws
38. Brass draincock
39. 2 brass tube strap bar supports
40. 2 brass '/. inch 20-thread round-head machine screws



Figure 3. Typical Sample
of Commercial Thiamine

Hydrochloride U

Figure 5. Typical Crystals
ofPseudomorphicThiamine
Hydrochloride Obtained
from Aqueous Alcohol Solu-

tions

Figure 4. Characteristic
Crystals of Thiamine Hy
drochloride II from Water

on a Microscope Slide

may exist in at least two crystalline modifications. Form I is
orthorhombic (Figures 1 and 2) and exhibits low birefrin~ence on
the principal plate view. Form II is monoclinic (Figures 1, 3, and
4) and exhibits a much higher birefringence on· the same view.
Both polymorphs were obtained in varying amounts by recrys
tallization of the commercial product from common solvents
slightly acidified with liydrochloric acid-e.g., acetone, alcohol,
water, and dioxane.

Solution phase transformations were obtained at room .tem
perature and at SOo C.; these indicated that I is the stable form
over this range. Modification II dissolves in the saturated
aqueous solution while I grows correspondingly. A typical
solid-solid tra,nsformation of I to II is observed at about 182 0 C.
on heating in the hot stage microscope. (The sample should
be introduced at a temperature just below 182 0 C. in order to
avoid extensive decomposition of the crystals before transforma
tion.) The reverse trailsformation, II to I, which is observed in
the solution phase, is not observed on cooling II in the absence
of a solvent. .

The transformation I to II can be defined positively as enan
tiotropic since the transition temperature (182 0 C.) is below the
melting point. All of the crystals obtained in the yarious re'
crystallizations have beeJl. identified as I or II. There is then no
direct evidence of a third polymorph IlL

Another phase which appears when thiamine hydrochloride is
recrystallized from aqueous acetone or alcohol is pseudomorphic.
The optical properties agree with those of II although the ex-

Figure 2. Characteristic
.Crystals of Thiamine Hy-
drochloride I from Water

on a Microscope Slide

'Y
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A. S THIS is the fifth in this monthly series of papers covering
.t\. crystallographic data, the foundation feels justified in
asking for critical comments and suggestions on this program.
At the same time it wishes to thank those who have already sent
in data for completion, checking, and publication; any suitable
data or even compounds for study should be addressed to W. C.
McCrone, Armour Research Foundation, 35 West 33rd St.,
Chicago 16, Ill.

M!~a 111a
1 20·

f~t f£t

Thiamine hydrochloride is an important member of the vitamin
B series and is interesting from a crystallographic point of view
because it possesses at least three polymorphic forms, no one of
which crystallizes under ordinary laboratory conditions as well
formed crystals.' This compOund is also unusual in that no one
of the modifications can be easily obtained in a pure form and
even more unusual in that modification II which is stable above
about 182 0 C. is the common form, even in commercial prepara
tions. For this reason this modification has been most com
pletely studied. A complete study of all modifications of thia
mine hydrochloride was considered impractical and unnecessary
for this program.

8. Thiamine Hydrochloride (Vitamin B})

a, b. ThiIUllin" hydrochloride n
c, d. ThilUlline hydrochloride I

Figure 1. Crystal Habit of Thiamine
Hydrochloride

The most complete data on thiamine hydrochloride, vitamin
B1, were published by Bernal and Crowfoot (1) in which the crys
tals were shown to be monoclinic. They also state that the
common habit is tabular with most of the crystals lying on well
developed clinopinacoid faces. Williams (3) has crystallized
this co~pound after some difficulty, obtaining variations in
habit from needles to plates. Keenan (2) proposes as a means of
identification the change of habit from plates to spherites upon
the addition of auric bromide.

The work on thiamine hydrochloride' indicates that the crystals
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ternal shape is different (Figure 5). It is significant that these
forms occur in products recrystallized from low boiling solvents
in which they could not have undergone a transformation from I
(transition temperature about 182° C.). In order to explain this
form it is necessary to postulate a third polymorph which is less
stable than I and II.

It proved to be very difficult to obtain massive cryst:als of
thiamine hydrochloride which were suitable for microscopic
exar.:J.ination. The best crystals were obtained by recrystalliza
tion from alcohol-water or acetone-water solutions containing
enough hydrochloric acid to prevent dissociation of the amine
hydrochloride.

MODlFICAnON' I

Crystals of 'thiamine hydrochloride I arc, in general, obtained
by slower crystallization than that used to yield II; they are
invariably skeletal. Occasionally, in crystallization from water
on a microscope slide, the terminal developmont is complete
enough to allow measurement of the profile angles. Seldom,
however, is there any further indication of specific crystal faces.

/

CRYSTAL MORPHOLOGY (determined and checked by W. C.
McCrone and A. Smedal).

Crystal System. Orthorhombic.
Form and Habit. Elongated skeletal plates and tablets.
Profile Angles (True). 117°, 126°.

X-RAY DIFFRACTION DATA (determined and checked by J. F.
Whitney and M. Tull).

Formula Weight. 36.8.
Density. 1.435; 1.43 (1).

d I/I, d I/1,

11.002 0.43 3.192 1.00
8.543 0.37 3.131 0.28
5.894 0.47 2.941 0.52
5.356 0.65 2.846 0.15
5.099 0.30 2.725 0.23
4.866 0.17 2.614 0.05
4.634 0.27 2.565 0.20
4.522 0.22 2.498 0.13
4.272 0.13 2.441
4.101 0.13 2.388
3.829 0.45 2.333
3.722 0.33 2.248
3.632 0.35 2.134
3.508 0.03 2.086
3.398 0.33 2.060
3.304 0.43 2.002

OPTICAL PROPERTIES (determined ami checked by W. C. Mc
Crone and A. Smedal).

Refractive Indices (5893 A.; 25 ° C.). a = 1.618 ± 0.002.
{3 = 1.640 ± 0.002. -y = 1.714 ± 0.002.

Optic Axial AngleB (5893 A.; 25 ° C.). 2V = 61°. 2E =
H2°.

Dispersion. r >- v' (strong).
Sign of Double Refraction. +.
Acute Bisectrix. -y.

Molecular Refraction (R) (5893 A.; 25 ° C.). ~ = 1.657.
R (calcd.) = 93.2. R (obsd.) = 86.4.
FUSION DATA. Thiamine hydrochloride melts with almost
complete decomposition. Some fine crystalline sublimate is
usually formed but no crystals can be obtained from the melt.
A very characteristic odor reminiscent of baking bread is apparent
on heating.

MODIFICATION 11

Lath-shaped crystals of monoclinic thiamine hydrochloride
(II) lying on 010 were obtained by recrystallization from water
on a microscope slide. Modification II often occurs as pseudo
morphs which show characteristic cleavages at 60° to the long
edge of the crystal and ill-formed end faces.

CRYSTAL MORPHOLOGY (determined and checked by W. C.
McCrone and A. Smedal). .

Crystal System. Monoclinic.
Form and Habit. Plates and tablets lying on the clinodome,

1
0101 with basal pinacoid, {001 I, and positive hemiorthodome,
201 .

Axial Ratio. a:b:e = 0.615: 1 :0.340.
Interfacial Angles (polar). 100A001 = 67°.
Beta Angle. 66° 5' (x-ray) (1).

ANALYTICAL CHEMISTRY

X-RAY DIFFRACTION DATA (determined by Bernal, 1).
Space Group. C~~ - P~/a (1). 0

Cell Dimensions. a = 12.62A.; b = 20.53A.; e = 6.961. (1).
Formula Weights per Cel\.4 (1).
Density. 1.405 ± 0.003.

Principal Line8

Index d I/I,

7.79 0.43
III 6.51 0.29
200 5.80 0.57
021 5.42 0.29
221 4:86 o 23

101, Til 4.683 0.86
-121 4.363 1.00

300: 240
4.056 1.00
3.829 0.29

212 3.403 0.17
002 3.201 0.46

012,312 3.122 0.69
400, 112 2.889 0.51
022, 420 2.787 0.20
222, 042 2.684

360 2.559
440 2.495
442 2.400

500, 222 2.333
090 2.259

242, 460 2.196
333, 462 2.156

003 2.106
023 2.062

550,033 2.015

OPTICAL PROPERTIES (determined and checked by W. C. Mc-
Crone and A. Smedal). 0

Refractive Indices (5893 A.; 25° C.). a = 1.600 ± 0.002.
{3 = 1.639 ± 0.002. -y = 1.

0
685 ± 0.002.

Optic Axial Angles (5893 A.; 25° C.). 2V = 87°.
Dispersion. Little or no dispersion.
Optic Axial Plane. 010.
Sil!:n of pouble Refraction. +.
Acute Bisectrix. l' inclined 20 ° to e in acute {3.
Extinction. -yAe = 20° in acute {3.

Molecular Refraction (R) (5893 A.; 25 ° C.). ..ya{3, = 1.641.
R (calcd.) = 93.2. R (obsd.) = 86.6.
FUSION DATA. See under modification 1.

LiTERATURE CITED

(1) Bernal. J. D., and Crowfoot, D., Nature, 131, 911-12 (1933).
(2) Keenan. Geo., J. Assoc. Official Agr. Chem., 26, 514-16
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(3) Williams, R. R., J. Am. Chem. Soc., 57, 517-20 (1935).

Correspondence
Determination of Cobalt in Stainless Steel
SIR: I refer to the paper on "Colorimetric Method for the Deter

mination of Cobalt in Stainless Steel" by PutscM and Malooly
[ANAL. CHEM., 19,236 (1947)].

It is very likely because of war difficulties that the authors have
failed to record the work on this subject by E. Stengel which ap
peared in Stahl und Eisen [63, No. 34, 621 (1943)]. This colorimetric
method is now one of the usual tools in many industrial analytical
Italian laboratories.

GAETANO GAVIOLI

Instituto Scientifico Tecnico E. Breda,
Milan, Italy

SIR: The authors regret that the Stengel 1943 publication in
Stahl und Eisen was overlooked by them, and therefore not included
among the nine literature references cited in their recent paper. This
oversight, as surmised by Gavioli, was due to the exigencies of the
recent war.

While Stengel described a photometric procedure utilizing the
ammonium thiocyanate reaction in an acetone medium for the deter
mination of cobalt in aHoy steels, the article in question contains no
reference to the important work of previous investigators, such as
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Vogel, Kolthoff, and Tomula, nor does it contain any experimental or
analytical data.

In certain respects the method of the authors differs from that of
Stengel. In the first place, instead of dissolving a sample in dilute
hydrochloric acid, oxidizing with nitric acid, and treating the dry
residue with dilute hydrochloric acid, the authors' employ aqua regia
and hydrofluoric acid followed by treatment with pe~chloric acid,
which effects the complete solution of all carbidic residues. Secondly,
in the case of Stengel's procedure nickel interferes with the photo
metric reading for cobalt and must be separately determined. In the
case of the authors' process the background color due to nickel, etc., is
colorimetrically read before and after the development of the color
due to the cobalt thiocyanate complex. In the third place, the
~ethod of the authors is far more rapid than that of Stengel. The
entire procedure of the authors may be completed in the time re
quired to take the Stengel solution to dryness on the steam bath at
the outset of his procedure. Finally, the 24 different types of cobalt
alloys shown in Table II of the authors' paper is an indication 'of the
wide adaptability of the method in the presence of a large variety of
other alloying elements.

W. F. MALOOLY
H. M. PUTSCHE

American Rolling Mill Company,
Baltimore 13, Md.

Manual of Quantitative Analysis. Donald R. Clippinger. vi + 339
pages. Ginn and Co.. Statler Building, Boston 17, Mass., 1947.
Price. $3.50.

This text and laboratory manual was designed for a fundamental
course in quantitative analysis for premedical or predental students
or for students majoring in chemistry. Besides the ,conventional
experiments in gravimetric and volumetric analysis, the book includes
experiments in colorimetric, electrophotometric, potentiom~tric, and
polarographic analyses. The reviewer believes that the latter ex
periments might well be left to a more advanced course, or to a course
in,instrumental analysis where the theory could be mOre completely
and satisfactorily covered.

There are many errors in the text. On page 32 there is a misprint
in the formula for the dichromate ion. On page 100 Equations 1 and
2 are in error. On page 213 both the ionic equation and the equatiOIi
for the solubility product constant of Ag3PO. are wrong.

In Table VIII, page 31, the author categorically gives the equiva
lent weight of H 3PO. as one third of the molecular weight, This is
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misleading to. the student, who finds that one rarely titrates phos
phoric acid to its third equivalent, and then only upon the addition
of CaCho The same is true in Table X, where the equivalent weight
of Na,HPO. is given as one third of its molecular weight-on the basis
of the total value of the positive ions, but in protolytic reactions it is
not so used. On page 50, the titration curve for Na,C03 VS. HCl
shows only one break in the curve and the graph would seem to indi
cate that the equivalence point would occur at pH 6.

On page 141, in the discussion of the reaction 12 + S03 -- + H20-
SO. -- + 2H + + 21 -, the author refers to the table on page 101 for
the oxidation-reduction potential of the sulfitecsulfate system, which
is not found in the table. Furthermore, the author implies that the
°H + influences the reverse reaction between SO. - - and I -, which of
course is not true, as the reaction is not reversible except with con
centrated sulfuric acid. He fails to point out, however, that the
chief source of error here is the air oxidation of I -, which is greatly
influenced by the pH of the solution. In P~rt III, Chapter XI, there
is very little discussion of the proper selection of wash solutions for
gravimetric analysis. In the procedure for gravimetric iron, IN
NH.OH is used as a wash for ferric hydroxide instead of NHiN03.

On the basis of the number of errors in the book, this reviewer does
not feel that he can recommend this text for a fundamental course in
quantitative analysis. 'VILLI AM J. TOMsICEK

Standard Methods for Testing Petroleum and Its Products. Insti
tute of Petroleum, 26 Portland Place, London W.I, England,
1948. 9th ed. xlvii + 616 pages. Available from American
Society for Testing Materials, 1916 Race St., Philadelphia 3, Pa.
Price, $6.75.

New methods include the determination of chlorine in unused and
used lubricating oils, knock rating of ":viation fuels (rich mixture) ..

, lead, copper, a!1d iron in lubricating oils, oil separation on storage of
grease, and a spectrographic method for the determination of inorganic
constituents of petroleum ashes.

This new procedure is of particular interest. A flux containing fer
ric sulfate is added to the ash of the·oil in a known ,proportion and
the mixture is arced on copper electrodes using direct current. The
large excess of added iron produces a uniform matrix and minimizes
variations due to ashes of different compositions.

Revised methods include the copper strip corrosion, Diesel fuel
diluent, cutback bitumen distillation, ignition quality of Diesel fuel,
knock rating of aviation fuels (weak mixture), knock rating of motor
fuel, grease penetration, saponifiable matter, smoke point, and
unsaponifiable matter in drying oils. Two new thermometers are
specified.

Close contact has been maintained with the work of the A.S.T.M.
and it has been decided that the working year be altered so dS to
publish this volume simultaneously with the report of A.S.T.M.
Committee D-2. E. L. BALDESCHWIELER

Symposium on Electron and Light Microscopy
F. A. HAMM, General Aniline & Film Corp., Easton, Pa.

T HIS Symposium on Electron and Light Microscopy (spon
sored by the Armour Research Foundation, Illinois' Institute

of Technology) was held in the Stevens Hotel, Chicago, Ill., on
June 10, 11, and 12, 1948. It was the first meeting for the pur
pose of bringing together electron and light microscopists, who
have much in common, not only in their technical background but
also in the nature of their research problems. The program was
well planned, and much credit must be given to W. C. McCrone
and C. F. Tufts, co-chairmen, for their efforts in carrying out this
excellent symposium idea. The opinion, expressed by many of
the 300 attending, clearly indicates the need for making this
symposium an annual affair.

The main feature of the program consisted of invited papers, .
presented by speakers well qualified to talk on their particular sub
ject, and dispersed so as to command the attention of those in the
audience who might be interested in either or both types of micros
copy. Unfortunately, E. F. Burton of the University of To-

ronto and E. M. Chamot of Cornell University were not able to
attend the symposium because of illness. These men might well
be considered to be the "fathers" of electron and light micros
copy, respectively.

The first two days consisted of formal presentations covering
the corroborative nature of electron and light microscopy, as well
as some specific developments In instruments (light microscopes)
and some iLPplications of both types of microscopy to research
problems. Informal panel sessions on instrumentation, metal
surfaces, and high speed microtomy' were held on the third day.
N. P. Allen amI B. E. Hopkins of the National Physical Labora
tory, Teddington, England, took an active part in the discussions
on metallurgy.

New instruments such as phase contrast microscopes, an elec
tron diffraction unit, high vacuum units, and high speed micro
tomes were displayed by several commercial organizations. A
photographic exhibit of light and electron micrographs sponsored
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by various research laboratories was displayed concurrent with
the new instruments.

Mention should be made of an excellent color photomicro
graphic motion picture film presented by Henry N. Baumann of
the Carborundum Company after the banquet 'on Friday night.
The formation of various compounds of aluminum and silicon and
their behavior on fusion and crystallization at extremely high
temperatures were well illustrated. The quality of the color re
production and the research information gained by this photo
graphic record are noteworthy.

After the welcoming addresses by William A. Lewis, Illinois
Institute of Technology, and Haldon A. Leedy, Armour Research
Foundation, four general papers were presented illustrating the
corroborative overlapping of electron and light microscopy.
These papers were presented by W. G. Kinsinger, Hercules
Powder Co., Wilmington, Del., Clyde W. Mason, Cornell Univer
sity, Ithaca, N. Y., Robley C. Williams, University of Michigan,
Ann Arbor, Mich., and Cecil E. Hall, Massachusetts Institute of
Technology, Cambridge, Mass. The improvements in sample
preparation, ,the usefulness of artifacts, and the analogy between
dark-field methods in light and electron microscopy are just a few
of the significant aspects discussed.

The papers abstracted below have been grouped in so far as
possible according to techniques.

LIGHT MICROSCOPY

Ultraviolet, Visible, and Infrared Microscopy. K. J. HEIN
ECKE, Bausch & Lomb Optical Co., Rochester, N. Y.

Two new developments, the reflection microscope and the
reflection-refraction microscope, wcre briefly discussed. The
longer working distance with high numerical aperture objectives
with no loss in resolution seems to be the chief advantage. It is
relatively easy to make optics suitable for infrared miCI'oscopy,
so that the lltilization of absorption curves (thermister bolom
eters) should prove significant in the study of light microscopical
samples.

The Microscope Objective and Its Function. L. V. FOSTER,
Bausch & Lomb Optical Co., Rochester, N. Y.

The importance of using the central undiffracted light rays and
the first order diffracted rays on both sides of the undiffracted
rays for high resolution, aberrationcfree images was illustrated
by means of light micrographs of diatoms. The effect of im
proper Ilositioning of the various elements in an object~ve lens
on the asymmetrical aberrations in the image was also illustrated.

The Principles of Phase Microscopy. F. ZERNIKE,' Johns
Hopkins University, Baltimore, Md.

Special Experiments in Phase Microscopy. CHARLES P.
S.-I.YLOR, National Bureau of Standards, Washington, D. C.

Instrumentation in Phase Microscopy. HELEN JUPNIK,
American Optical Co., Buffalo, N. Y.

These three papers demonstrated the theoretical and practical
aspects of "phaSe-contrast" microscopy. It is now an established
fact that greater contrast with no loss in resolution is possible
with the proper use of diffraction plates in the substage condenser
and in the back aperture of the objective. The degree of con
trast may be varied by changing the amplitude ratios and phase
differences in the deviated and undeviated light rays originating
by diffraction in the specimen. The degree of contrast may be
varied to the extreme so that a dark-field (negative contrast)
image is realized. The radii and thickness of the dielectric
material on the phase-contrast plates determine the degree of
changes in amplitude and phase difference introduced in the
undeviated and deviated rays. Consequently, the number of
phase-contrast plates required is determined by the number of
different specimens to be examined.

Crystal Optics on Microscopic Views. WILLIAM A. O'BRIEN,
Celanese Corporation of America, Summit, N. J., AND J. D. H.
DONNAY, Johns Hopkins University, Baltimore, Md.

Crystal identification by light microscopical identification is
difficult because the data measured on a certain view must be
correlated with published goniometric data taken from all the
principal orientations-that is, silhouette angles must be con
verted to true interfacial aNgles if the published data are to be
used as a basis for identifying the unknown crystalline material.

ANALYTICAL CHEMISTRY

The apparent interedge(.silhouette) angles measured from mi
croscopical views may be converted into interfacial angles. Or,
if the morphological constants (axial elements, interfacial angles)
are known, it is possible to calculate the apparent angle between
any two edges that will be seen when the crystal lies on any given
face.

The available data are plotted on a stereographic 'Wulff net for
graphic constructions. For a detailed outline, reference should
be made to IND. ENG. CHEw!., ANAL-. ED., 17,593 (1945).

Application of Microscopy to Polymorphism of Tristearin
Type Fats. OSCAR T. QunfBY, The Procter and Gamble Co.,
I vorydale, Cincinnati, Ohio.

The mono-acid triglycerides exhibit monotropic trimorphism.
All the solids are truly crystalline, and the various forms may be
identified by x-ray diffraction. However, because of the poly
morphic behavior, the x-ray diffraction pattern might not indicate
the exact form initially isolated. Consequently, the polai-izing
microscope is useful for following the phase transformations,
and furnishes the history of the sample without destroying it.

Resinography. T. G. ROCHOW, American Cyanamid Co.,
Stamford, Conn.

"Resinography" is proposed as the name for the graphic study
of resins and their plastics. It is analogous to metallography.
The filler, pigment, and matrix, and their relation to structure,
strength, smoothness, opacity, etc., are being studied with both
the light and electron microscopes. The author has a publication
on this subject as applied to the paper industry [Paper 'l'rade Jl.,
126, No.8, 80, 82, 84, 86, 88; 90 (1948)].

Effect of Particle Size on the Diffraction Image in Microscopy.
HAROLD OSTERBERG, American Optical Co., Buffalo, N. Y.

Because the Airy disk increases rather rapidly when the radius
of the particle falls in thfiJ range of 0.3-1.0 0.6 of the usual Airy
limit of resolution, it follows that a good microscope objective
reveals more about the size of small particles than is commonly
believed. However, the shape and the particle size relative to
the numerical' aperture of the objective cause irregular disturb
ances in the diffraction image. Nevertheless, these regular
and irregular growths in the Airy disk may be used to gain in
formation about the physical properties of the particle.

Application of Microscopy to the Pigment Industry. CHARLES
:VIARESH, American Cyanamid Co., Calco Chemical Division,
Bound Brook, N. J.

The usual commercial organic pigments are often in the 0.2
to O.4-micron range. Hence the electron microscope has been of
greatest value in study of the physical properties of the pigment
particles. Furthermore, the microstructural detail in texture,
gloss, and weathering can best be evaluated by means of surface
replicas. However, the light microscope has been used to evalu
ate the refractive index, pleochroism, and polymorphic behavior
of these pigments. The data assembled by means of both in
struments are obviously useful to the paint and pigment tech
nologist.

The- Study of Crystals, Oriented Aggregates, and Lyotropic
Mesomorphs of Strongly Absorbing Substances with the Polariz
ing Microscope. EnwINE. JELLEY, Eastman Kodak Co., Roch
ester, N. Y.

About three dozen color transparencies were shown illustrat
ing the utilization of optical-crystallographic properties in the
identification of organic crystals. Abnormal polarization colors,
optical .dispersion of the isogyres in interference figures, pleo
chroism, liquid crystal formation; etc., were used to identify
various compounds. These compounds were sometimes rela
tively simple, or sometimes complex in the sense that various
types of solvates might form. The various stages in the forma
tion of the phenolate of 2,2'-cyanine chloride were illustrated.

ELECTRON MICROSCOPY

Electron Microscope Goniometry. ALAN F. KIRKPATRICK,
American Cyanamid Co., Stamford, Conn.

The electron microscope image usually furnishes only a sil
houette image of one (or at best only a few) morphologicalorienta
tion of a crystal. These silhouette angles must be converted to
interfacial angles if the data are to be compared with the litera
ture for purposes of identification. The interfacial angles,as
well as the axial ratios and interaxial angles, can be calculated
from the silhouette angles by means of a stereographic pro
jection on a Wulff net type of graph paper. The author presented
the calculation for calcium carbonate.
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Light and Electron Microscopical Studies of Cellulose Fibers.
CHARLES W. HOCK, Hercules Powder Co., Wilmington, Del.

Natural cellulose fibers (cotton) have a laminated fabrillar
structure. The relatively coarse fibrils observed by light micros
copy are further subdivided into finer fibrils as seen in the electron
microscope.. A lengthwise periodicity has al~o been detected.
This structure may play a significant role in the chemical re
activity of the fiber. Several of the synthetic cellulose fibers
(rayons) have their own characteristic fibrillar pattern. How
ever, this pattern is not so distinct as that in the natural fiber.

Electron Microscopy of Particle Aggregation in Carbon Black.
JOHN H. L. WATSON, Medical Research Institute, Henry Ford
Hospital, Detroit, Mich.
• The need for evaluating the size and structure of small par

ticle aggregates was demonstrated. Too often too much em
phasis is placed on the fundamental particle size, which may not
be so significant as the aggregate data. A critical discussion of
the interpretation of the electron microscope image in terms of
ellipticity and distance. from the supporting membrane was
presented. The accuracy of the technique and its relation to
rubber compounding were mentioned.

Statistical Analysis of Electron Microscope Particle Size
Determinations. PAUL L. COPELAND, Illinois Institute of
Technology, Chicago, Ill.

This l?aper in part fills a strong need for a critical analysis of
the accuracy of electron microscope particle size determinations.
The practical results from a large number of measurements were
compared with a theoretical (statistical) calculation. The
measurements made on a large number of imaged particles do not
agree with the calculated values, probably because of an in
adequate representation of the whole sample due to the large
number of very small particles.

Properties of Evaporated Gold. P. G. WILKINSON AKD L. S.
BIRKS, Naval Research Laboratory, Washington, D. C.

Evaporated gold blacks and thin films were examined in the
electron microscope in order to relate continuity with thickness
and electrical resistance. Gold films may be continuous or
discontinuous, depending upon their thickness, as determined by
electrical measurements. Gold' blacks are discontinuous in
nature. .

Results of Electron Microscope Studies on Bacteriophage
Action. THOMAS F. ANDERSON, Johnson Foundation University
of Pennsylvania, Philadelphia, Pa. ,.

The electron microscope was shown to be a useful tool in ex
amining viruses from the standpoint of their morphological identi
fication, response to sonic vibrations, and the mechanism with
which they adsorb on the host bacteria cell followed by prolifera
tion within the infected cell. 'The sonic treatment breaks up
only the larger tadpole-shaped viruses; the fragments clmtim.le
to survive. Certain phages must be activated with amino a,cids
before they will absorb on the host cell. Seven phages on strain
B of E. Coli w~re citedas examples.

Electron Microscopy of the Tubercle Bacillus (BCG) by Metal
Shadow Casting Technique. C. I. REED, S. R: ROSENTHAL,
AND B. P. REED, University of Illinois, Urbana, Ill.

The advantages of metal-shadowing (chromium) the surface
of bacteria were once again demonstrated. Surface (capsule)
structure and also some internal details were made more recogniz
able by the increase in the contrast in the electron microscope
image. The history (preparation) of the BCG vaccine and its
relation to the morphology of the bacillus were presented.

Electron Metallography. ROBERT D. HEIDENREICH, Bell
Telephone Laboratories, Inc., Murray Hill, N. J.

The combination of electron microscopy and electron diffrac
tion in the study of surface metal structure might appropriately
be called "electron metallography." Electron reflection diffrac
tion, although subject to many qualifications, is useful for identi
fying the surface films. Slip planes, grain size and structure,
height of surface elevations, etc., may be studied by several
replica. techniques. Three types (plastic, silica, and oxide film)
of replicas were described with emphasis on their resolving power.
The oxide film type is probably the only one that resolves better
than 50 A.

Electron Microscopical Study of. Organic Pigments. F. A.
HAMM, General Aniline & Film Corp., Easton,· Pa.
. A variety of organic pigments (dyes) have been analyzed for
the sake of identification and evaluation of their microphysical
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propert.ies (shape, size, poi'osity, aggregation, etc.). Three broad
aspects of this long range. research program were emphasized:
(1) the use of sonic (audio, 9 kc., and ultra, 400 kc.) vibrations
for dispersing severely aggregated pigments discussed from the
standpoint of the quality of the electron microscope specimcn;
(2) the radiation-chemical effect of the electron beam and its
relation to the polymorphism of several pigments; and (3) the
utilization of the RCA Type EMU electron microscope in the
"fingerprinting" of pigments by means of their electron diffrac
t.ion patterns.

MlSCELLANEOUS

Electron Diffraction-An Instrument and Some Applications.
J. G. HUTTON, General Electric Co., Schenectady, N. Y .

The new G.E. electron diffraction instrument was described
from its functional and applicability viewpoin:ts.

High Vacuum Metallizing. GEORGE H ..BANcRof"r, Distilla
tion Products, Inc., Rochester, N. Y.

A new 12-inch vacuum coateI' (D.P.I.) was described. in-
cluding its required high vacuum technique: '

Techniques of High Speed Microtomy. ERNEST F. FULLA~I,

General Electric Co., Schenectady, N. Y.
The need for a technique in the preparation of sections suf

ficiently thin for examination in the electron microscope has been
partially filled. Animal tissue, fibers, plastics etc. have been
sectioned in thickness of 0.5 micron or less. ' ,

At the panel session on high speed microtomy, R. R. Allen of
Custom Scientific Instruments, Inc., Arlington, N. J.,' and
W. F. Fullam of Hemsdale International, Inc., 350 Fifth Ave.,
New York, N. Y., described their respective instruments and their
new improvements. It is now possible to evacuate the chamber
in which the sections are cut, cool (freeze) the sample before sec
tioning, and adapt the disk to serve as an ultracentrifuge.

Second Symposium on Analytical Chemistry
Arrangements are now being made for holding the Second

Annual Summer Symposium on Analytical Chemistry sponsoreo
by the Division of Analytical and Micro Chemistry and ANALYTI
CAL CHEMISTRY, at vVesleyan University, Middletown, Conn.,
in June 1949. The conference will run two full days and will in
clude four technical sessions and a get-together on the evening
of the first day. M. G. Burford, Wesleyan University, will be
chairman in charge of arrangements.

Symposium on Nucleonics and Analytical Chemistry. Di
vision of ;t\nalytical and Micro Chemistry, North
western Umverslty, Evanston, IlL, Aug. 13 and 14.

. Second Annual Summer Symposium on Analytical Chem
. istry. Wesleyan University, Middletown Conn. June

1949. ."

Raman Spectra of Hydrocarbons-Correction
In the article 011 "Raman Spectra of Hydrocarbons" [ANAL.

CHEM., 19, 700 (1947) 1, on 'page 710 the second paragraph under
"Disubstituted Aromatics" should read: "The 1,4-disubstitution
is characterized by"

Page 711, the dates for reference (7) should be 1939, 1940, and
1946.

Page 721, in spectrum table No. 162, the scattering coefficient
value for the ~v 651 em.-Iline should be 0.560.

lVI. R. FENSKE
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Clamp and Pipet for Rapid Delivery of Approximate Volumes.
Frederic E. Holmes, 6515 Blueridge Ave., Cincinnati 13, Ohio.

T HE apparatus shown in Figure 1 is suitable for rapid de
livery of approximate volumes of reagent. As used for dis

pensing 5-ml. portions of Benedict's qualitative .solution for
determination of sugar in routine urinalyses, the variation in
amount delivered IS in the neighborhood of 0.3 m!. Considerably
greater accuracy could be realized by use of a constant-level
device delivering from the main reservoir into a small inter
mediate reservoir in the supply line. This device would also
provide a fine adjustment of volume. However, when an
approximate volume is adequate, the simplicity of the apparatus
as shown outweighs the advantages of elaborate accessories.

The assembly embodies two essential features not commonly
used in apparatus for similar purposes. The double-acting
clamp, which controls the delivery of reagent and refilling of ~he

pipet, operates against rubber tubing, thus eliminating glass
or metal cocks which are subject to sticking Itnd leaking due to
corrosion or deposition of salts from concentrated solutions.
The portion of the pipet above the bulb provides for an approxi
mate zero: The inflow of reagent is checked at the level of that in
the reservoir, and the small1umen minimizes change in volume
with change in level. While this zero is less precise than those
afforded by overflow or backflow tubes, manual operations or
elaborate glass construction for return of reagent to the reservoir
is avoided.

Further advantages are relative ruggedness, ease of construc
tion from common materials with common tools and a minimum
of glass-blowing, and simple operation, One of these pipe~s has
been in operation in the clinical laboratory at Christ Hospital,
Cincinnati, for several months. No breakage or other difficulties
have occurred, even though several people have used it without
prior experience or instruction.

The operation of the control clamp -is shown in the top views
at the right of Figure 1. When the movable arm of the control
clamp, MCA, is depressed by pressure of the thumb against the
outer (right) end, the rubber filling tube is closed before the
delivery tube is opened. The conten~sof the pipet are delivered
wi~hout leakage from the filling tube during delivery. This
manner of operation is ensured by the free-floating action of the
movable arm, which makes either tube the fulcrum of the lever
when the other is being opened. Similarly, the delivery tube is
closed first and then the filling tube opened when the pressure of
the thumb is released.

SPECIFICATIONS

RB, rubber band or bands.
RL, retaining link, rectangular loop of wire resting loosely in

notches in FCA and MCA.
DT, delivery tube, soft rubber, 3/16 X 1h6 inch (4.5 X 1.5 mm.).
FT, filling tube, from reservoir, conveniently same as DT.
Change of position of entire pipet upward or downward in

relation to clamp increases or decreases volume of reagent deliv
ered,

C, constriction to slow inflow and prevent trapping of bubble in
delivery tube, approximately 2:5-mm. inside diameter.

SC, supporting clamp, wooden- block with sloping ends and
center notch to ac'commodate stem of pipet, rubber bands
stretched over pipet stem to hold it in place.

S, main support, wooden board to which FCA is attached.
FCA, fixed arm of control clamp.
MCA, movable arm of control clamp.
PS, positioning studs, wire brads, fixed in Sand FCA and ex

tending through drilled holes in MCA, which have about three
times the diameter of the studs to allow free movement.
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F, funnel top of capillary stem of pipet to facilitate rinsing with
water to redissolve any salt precipitated.

Pipet. The bulb accommodates the desired volume minus a
sm.all volume contained'in the capillary stem and the amount re
qUIred to fill the glass and rubber tubing below it to the point of
cutoff in the clamp.

Small blocks are attached as shown to the fixed and movable
arms between the positioning studs to allow wider amplitudEi"ilf
movement of .MCA. A piece of wire, not shown is laid over the
positioning studs across both rubber tubes to 'concentrate the
pressure against the tubes and make a sharper cutoff.

_____ CONTROL

CLAMP

Figure I., Assembly of Pipet and Clamp
on Support

Right: Above. Position during ,filling and when
, not: in operation .

Below. Position during delivery

The error due to change of level in the capillary stem of the
pipet is absolute, therefore of smaller per cent in pipets of larger
volume, The inside diameter should be as small as possible;
approximately 2 mm. has been found satisfactory. The limiting
minimum is that at which small amounts of precipitated solute
will interfere with prompt drainage. The angle of MCA with
FCA in the rest position is determined by RL, and should be just
wide enough to open the filling tube without opening the delivery
tube. The loose wire across the positionin'g studs helps to keep
DT closed despite this angle. In larger pipets, the glass tubing
below the hulb in the pipet and the rubber delivery tube could be
made larger to facilitate more rapid refilling without danger of
trapping bubbles. The entire assembly has been mou'nted on a
ring stand by means of a carriage bolt attached near the upper
end of S.

The pipet, control clamp, and support were built in a home
basement shop; the OJily .unusual equipment was an oxygen
blast lamp, Pyrex tubing, and a graduated cylinder for rough
calibration.
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