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THIS MONTH'S COVER

The six standards issued by the
National Bureau of Standards for pH
measurement calibration are shown
on the cover. The advantages and
limitctions of this useful tool are
described in this month's Report for

Analysts starting on page 15A.
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Report for Analysts

pH, a tool widely used by the analyst, unfortunately has some serious
limitations. To use pH most effectively requires recognition of its
faults as well as its virtues. Many of the factors involved are dis-
cussed by OREXPert. . s s« » & s % 5 & s § 5 & B @ % » @ @
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HOW G.E.’S RECORDING SPECTROPHOTOMETER HELPS YOU

Identify Colorants Quickly and

PROBLEM 1

Suppose that during a check of mill in-
ventory you find a barrel of dye marked
“Red G.” Exact identification and
strength are unknown but the sample is
known to be an acid dye. Without spend-
ing a lot of time on complex guantitive
and qualitative analysis, you can identify
the dye quickly and accurately, and read
the concentration directly by the use of
a simple plastic scale.

HERE’'S HOW

Dissolve the dye in water anc place
the sample in & General Electric Record-
ing Spectrophotometer. The instrument
draws a curve which is characteristic of
the color of the sample. This curve, shown
in red, is the ‘“fingerprint” of the dye
which you are trying to identify and by
checking this curve with your file of
curves for other dyes of this type, your
unknown dye can be identified quickly
and accurately. In the example pictured
here, the curve was readily seen to match
the ‘“‘fingerprint” curve of Azo Phloxine

GA Extra Concentrated (C. I. 31). That
curve is shown as the solid line on the
graph. It is also possible to read the con-
centration of the sample dye directly by
placing a simple plastic scale over the
curves to find concentration difference
between the known concentration and

the unknown.

OPERATOR RUNNING CURVE of a color sample
on the General Electric’s easy-to-use Record-
ing Spectrophotometer.
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SCALE SHOWS sample is 109, weaker than
known standard of Azo Phloxine GA Extra
Conc: (C..I. 31).

Color-match Samples Without Question

PROBLEM 2

Suppose a customer sends you a sample
of a grey shade and asks you to develop
a dye to match it. The General Electric
Recording Spectrophctometer will help
yvou avoid the delay of many trial and
error formulations and will give you
guidance in preparing a formula which
will not change color when going from
one type of illumination to another.

HERE’S HOW

Measure sarcple or. G-E Spectropho-
tometer using 2 color matching “R’ cam.
The resultant curve (red line) has char-
acteristics of the curves for orange and
blue dyes, not of yellow, red and blue
dyes. Curves of the proper blue dye
(Acid Blue ARA) (dashed line) and for
the proper orange dye (Fast Light Orange
2G) (dotted line) are shown. Use of a
simple plastic scale will show the proper
concentration for the blue dye and the
amount of orange dye can be easily calcu-
lated allowing for the absorptior of blue

in the orange region. You then mix the
dyes, make a trial dyeing and run another
curve. This curve will match the original
curve and only slight formula adjust-
ments will be needed to get an exact
visual match. Total time 10-15 minutes.

For information about the General Elec-
tric Recording Spectrophotometer, call
your G-E Apparatus Sales Office or write
to Section 585-40, General Electric Com-
pany, Schenectady 5, N. Y. For latest
information on color measurements, ask
to be added to mailing list 79.

CLOSE-UP of the General Electric Spectro-
photometer drawing a curve of color.
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CURVE OF UNKNOWN SAMPLE indicated in
red. Curve shape indicates that blue and
orange dyes should be used.

GENERAL @B ELECTRIC
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REPORT FOR ANALYSTS

pH and the Modern Analyst

pH, a very useful guide for the analyst, is, un-
fortunately, an inexact physical quantity with cer-
A recognition of the
faults of pH, as well as its virtues, allows the ana-
lyst to use pH measurements most effectively in
aqueous and nonaqueous media.
Report for Analysts presents a survey of this sub-
It is based on a paper presented by the

tain serious limitations.

ject.

This month’s

author at the recent Pittsburgh Conference on
Analytical Chemistry and Applied Spectroscopy.

National Bu-

Bates,
reau of Standards research chemist, is

Roger G.

a native of Massachusetts. He at-
tended the University of Massachusetts
(B.S., 1934), Duke University, (M.A.,
1936; Ph.D., 1937), and Yale Uni-
versity (Sterling Fellow). He joined
the staff of the Chemistry Division at
the National Bureau of Standards in
1939 and has been there since that
time, with the exception of a year at
Zurich on a U. S. Public Health Service
fellowship. He has been chairman of
the Commission on Electrochemical
Data of the Analytical Section, Inter-
naticnal Union of Pure and Applied
Chemistry, since 1953. His publica-
tions include a book, “Electrometric
pH Determinations.” He received the
1955 Hillebrand Prize of the Washing-
ton Section, ACS, and the Depart-
ment of Commerce gold medal for
exceptional service. Both honors re-
late to outstanding work in the field of
pH and electrolytic solutions.

’I‘m-. AGE of instrumentation has come
to the analytical laboratory.  The
modern analyst now has at his disposal
an elaborate costly
through which molecules, atoms, and
atomice fragments betray the
tions of gas, liquid. and solid svstems
with =peed and simplicity.  With this
assortment of spectrometers and elec-
troanalytical assemblies filling his labo-
ratory, he has difficulty finding space
for burets and crucibles. Thiz, how-
ever, i\ 8} ||t'|(‘ coneern 1() one \\lll)
“titrates” with electrons and “weighs"™
with wave lengths.

One may well inquire where pI meas-

array  of tools
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urements fit into the new order. The
pIl meter, the heart of which is a
galvanic cell with its glass and ealomel
clectrodes, was one of the earliest and
remains one of the most modest of our
analytical instruments.  Is the magice
wand of the engineer about to transform
this laboratory drudge into a Cinder-
ella, a marvel of electronies immune
to the limitations of present-day pH
equipment?
Unfortunately,
i the methodology of I measurements
seems remote. True, the welecome ap-
pearance of new electrodes with reduced
errors is announced from time to time,

a radical improvement

The complete series
of NBS pH standards
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and new measuring devices of increased

Basic to Dependable §

- | stability are being developed contin-
| uallv.  Fundamental difficulties re-
Lah ware -v‘TREusu_ 1 main, nonetheless, for the pIT meter per-

sists in its incorrigible habit of express
ing results on a seale that has no exact
theoretical meaning.  Because no really
convenient practical way of measuring
acidity on the scales that we find theo-
retically most satisfactory is known at
present, the pH meter seems unlikely
soon to become a casualty of technologi-
cal progress. The regrettable situation
may be summed up in the following un-
certainty principle:  “We can't under-
stand  what  we measure;  we can’t
measure what we understand.”  De-
spairing of reform, the modern analyst
must seek to recognize the limitations of
pH numbers and to use these numbers
most effectively.

pH Units and Scales

The analyst would like to have a
means of determining quickly and ac-
curately the hydrogen ion concentration
of =olutions of unknown composition.
The logarithin of the reciprocal of this

The most exacting needs of
laboratories throughout the
world are most eminently
and successfully met by
Vitreosil ware (pure fused
silica) produced to the high-
est standards of quality.

Chemical purity, high re- |

sistance to heat shock, un- |

usual electrical resistivity, |

best ultra-violet transmis- 4.2

sion (in transparent quali-

ty) and low initial cost com-

pared to platinum are some

features of Vitreosil fused

quartz.

In addition to our unusually

large stock of transparent

and opaque, including [

glazed and unglazed cruci- ‘
\
[

9,05 W XK PRTRALATE

bles, evaporating dishes,
beakers, tubing and rods in
all diameters and sizes, we

offer prompt fabrication of

special items. [ 1343— -
Write today, giving
full details of your re- 13.0— — . —
quirements or asl_: for CALCIUM MYDROXIDE, SATD. 28!
illustrated bulletin. 12.6— \ —
; 12.2— ]
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‘ pH variation with temperature of
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quantity, termed pcH, in equimolar
acetate buffer solutions is shown in
Figure I. The curve of paH (the
logarithm of the reciprocal of the
hydrogen ion activity) lies considerably
higher than that of peH at ordinary
concentrations, whereas psH, the clas-
sical pH value of Sgrensen, is uniformly
0.03 to 0.04 unit lower than paH.

Galvanie cells are oxidation-reduction
systems, and the use of two electrodes is
inescapable. Two arrangements of
these  electrodes are possible. The
electrodes may both be placed in the
sane solution, whereupon the measured
clectromotive force (ean.f.) is strongly
dependent upon two ions. Alterna-
tively, one of the eclectrodes (the re-
ference) may be isolated in a suitable
medium of its own which makes contact
(the liquid junction) with the test solu-
tion through a “bridge.” usually a
suturated potassium ehloride =olution.
There are then three loci of potential
difference—namely, the two electrodes
and the liquid-liquid boundary. In
this arrangement, the measured e.m.f.
ix dependent primarily upon the amount
of u single ionic spec . hydrogen
—present in the “test” solution, but
the unknown changing potential at the
liquid junction introduces :u consider-
able uncertainty into the measurement.

The pH cell is an arrangement of the
second type. The only alternative
would be to add a second ion in known
concentration to the test solution, a
very inconvenient measure at  best
and incapable of serving as a com-
pletely satisfactory pH method. For
prictical uses, then, one strives to make
the liquid-junction potential constant,
and to use the cell to determine differ-
ences of pH alone. If the residual
liguid-junction potential were indeed
nullified by this means, the e.m.f. would
vield a relative activity of hydrogen
ions, as the formal equations show. By
definition, this activity, aw, is facs,
where eg is the hydrogen ion concen-
tration and fu is the activity coefficient
of hyvdrogen ions. Granting for the
moment that constaney of the junction
potential has been attained, we are led
0 the operational definition of pH:

B
23026121

pH = pHs +

where £ iz ean.f. and the subseript S
refers to the standard solution with
which the pH ecell is adjusted before
the measurement, and 2.3026RT,/F
has the value 0.05916 volt at C.
The operational definition has had an
enormous influence in justifving the
widest possible application of pH meas-
urenments. In effect, it authorizes the
conversion of every value of £ to a cor-
responding value of pH.  Thanks to the
high-impedance pH equipment avail-
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pH NUMBER

Figure 1. Com-
parison of pH
numbers for ace-
tate buffer solu-
tions

able  commercially, determinations  of
the e.m.f. of the glass-calomel assembly
and of pIl in soft solids, slurries, non-
aqueous media, and the like, are com-
monplace. The numbers obtained are
useful for their reproducibility but ob-
viously bear hardly the remotest rela-
tion to hydrogen ion concentration.
The propriety of calling them “pH
values” ix certainly questionable, al-
though there seems little doubt that
this practice will continue.

Interpretation of pH Measurements

The analytical chemist needs the
answers to two important questions.
The first is—can the measured pH ever
be given a fundamental interpretation,
and, if so, under what conditions?—
and the second—exactly how should the
interpretation, when allowable, be
made?

The measurement of pIT is & measure-
ment of a difference of em.f. If the
latter is to reflect the true change of
acidity, only one of the three possible
sources of potential difference—namely,
the glass electrode-solution interface—
can change when the standard solution
is replaced by the “unknown.” The
constancy  of the liquid-junction po-
tential is the key to the first question.
Fortunately, the bridge of saturated
potassium  chloride solution is rather
effective in bringing about this desired
constancy. Neverthele the differ-
ence of potential across the liquid-
liquid interface is caused by unbalanced
diffusion of ions, and it can hardly be
expected that all unknowns will match

the standards closely with respect to
ionie concentrations and mobilities. In
particular, the highly mobile hydrogen
and hydroxyl ions, if present in the
standard and unknown solutions at dif-
ferent concentrations, have exagger-
ated effects. The same is true of any
ion present in high concentration or
any molecular species in amount suf-
ficient to alter the essentially aqueous
character of the mediun.

The answer to the first question is,
then, a qualified ves: experimental pH
values can be justifiably given an inter-
pretation if (1) both standard and un-
known are dilute aqueous solutions
(< 0.23) of simple ions, and (2) the
pH is greater than 2 and less than 11, or
matches closely that of the standard.

The answer to the second question
fucing the modern analyst—namely,
how to interpret experimental pH values
when an interpretation is allowable—is
not readily found. Tt requires first of
all an examination of the meaning of
the pHs values assigned to the standard
solutions, for it is evident from the
operational definition that pH derives
its character largely from pHs.

One must deal here with the great
fundamental problem of pIl measure-
ments: Although the pII measurement
may yield what is called a difference of
hydrogen ion activity, au, neither the
latter nor the single ionic activity co-
efficient, fm, has exact thermodynamic
significance. Hence, ag can neither be
determined uniquely nor applied exactly
to the chemical equilibria one deals
with in caleulating end points, ionic

concentrations, dissociation constants,
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MICRO-MICROAMMETERS

412 Log Model indicates from 10773 to 1077

ampere on a single six-decade scale

STABILITY, economy, and fast response are
all combined in this versatile logarithmic
instrument. Tvpical uses of the new

Keithley 412 include reactor control, radiation
monitoring, materials testing, and
measurement of other widely varying micro-

currents from sources of one volt or more.

KEITHLEY MODEL 412
LOG MICRO-MICROAMMETER

FEATURES include a single range of six
decades from 1013 to 107

of 0.2 decade, zero drift within 0.5 decade

ampere, accuracy

in eight hours, and response time of less than
2 seconds to 90% of currents larger than 10-12

ampere with 5000 mmf across the input.

IT'S SIMPLE to set up and use. The sole
operating control is the on-off switch. It
has only three calibration potentiometers,

and reads out on a six-inch illuminated meter.

CONNECTORS furnished include a 216-volt
tap for polarizing ion chambers and a
single-ended 6-volt output that drives both
50-millivolt and 5-milliampere recorders.

The instrument is furnished for bench

or rack mounting.

NEW CATALOG B contains detailed data
on the 412 and all other Keithley Instruments.
A request on your company letterhcad will

bring your copy promptly.

KEITHLEY
INSTRUMENTS. INC.
72415 Euclid Ave., Cleveland 6, Ohio

Circle No. 17 A on Readers’ Service Card, page 77 A

VOL. 29, NO. 5, MAY 1957 « 17 A



REPORT FOR ANALYSTS
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iedne arbitrarih

relerence muate

in nurmber, @

wsure of =1

lonie - W six able pH measwre- n

tiviry cocflicient and o establish in this ents to be standardized from 0° to that has been termed pwll for con-
wuLou capieniieral seate of oajpe that ub”® O oand over the pll range 1.6 to venience.  The effect of the chloride
serves auite we'l = the most 12.4 4% 25° 'C. on pwH is eliminated by « <uitable ex-
log cal procedt i~ 1 ribe to the I the procedure for the assignment polation, and foo s nude 1o disappe:
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1 1. This approzch was chosen as clectrodes ina eeli without lguid june- is cquivalent to j2. where 7_ is the
1 ba the ablishment of the tion s obtained.  Standard potentials mean actwvity coefficient of hydroehlorie
Netionad Bureauw of Standards p - awd Mindamental constants heing acid in the buffer solution, pHy has in

reality the dimensions of —log f_cu,
but it isx often convenient to regard
focn as the conventional hydrogen ion
By Any Test | . e
The specitie properties of the ong of

strong electroivtes of a =<ingle chary

P R L AT E X y S type ure cifferent und. henee, <o also are
B e S t the mean activity coefficients of thesc
clectrolytes, even at rather low values
of the ionie <trength (ui.  For example

For Laboratory TUbing the value of o, the “lon-size parameter”

S T MY T b L T AR m the  Debve-Hickel  equation
o=

= 0.508/u/(l -+
vary from 3 to 6 ior
different strong uni-univalent elee
ivtes beow 0.21/.  Hence. a single cou-
vention eannot vield exaetly compar-
able pHg or pIl values for differentiy
constituted  standards and unknowns,
even under the most favorable eireum-
stances, ~ « decreases, the differences
in fo evidently also e e, Ac-
cordinely, the NBS procedure selects
~ 3 standards of jonic strength 0.1 or less,
= where  the assigned  uncertainty  of

2000 unit in plls will aliow a con-
siderabie variation in the parameter a.
A similar restriction to the application
of measured pIl values te chemical
equilibria. Is inescapable.  Here again
ticable, or even impossible,
¢ specific differences of a
among the econ-
Difterences of
cfter extreme rough usage electrie charge are, however. of primary

RLP Pure Latex Tubing
makes stronger, more
air-tight conneciions

l Flex'ble and resiiient RLP

Pure Latex Tubing returns
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original shepe even stituents of the soluti

ifluence an the activity coctficients,
ade tor them.

and allowmnee must be m

I /_ ix the convention: ion of

Tougher RLP Pure latex tivity coefficient of a <ingle uni-
Tubirg withstands more rough valent jon. the activity  coeficients,
trectment with less danger £ of otl fonie and olecukir species

of *earing or breaking

sed by log

Iy be expre
1

=z4log f.. Thi
sistent with the ionie strength principle
/Q", Mai.e JObS’ DOI"IB 39’,8[', and with the valence relations of the
. . kel fimiting
More Economically. Specify... vl
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nner in whi
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al equilib-

P ¢
qa, wi the favorable cireumstances
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THE TUBING THAT CAN BE now clear. The equilibriuin is first
STERILIZED AND USED AGAIN AND AGAIN formulared in its exact fthermodynamic)
¥ Avaitabla m 24 Standard Sizes form. and the following substitutions

are made: 1) —log fucy s replaced by
the experimental pH value: (2) the
activity coefficients of the other species
are expressed in terms of 7 ; and (3)

Rubber I.até Products, Inc., Cuyahoga Falls, Ohio
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CEC's

MASS SPECTROMETER
helps solve long-standing
aircraft problem

How do you get rapid, accurate data on
the fuel/air distribution within a jet en-
gine? Teamed with an explosion-proof
manifold which does the sampling through
a probe in the burner chamber, a CEC 21-
620 Mass Spectrometer provides plotted
data never before obtainable so rapidly
and so easily.

Gas samples reach the mass spectrometer
75 feet from the test burner in five seconds.
This technique also makes it possible to
follow thermal cracking and reforming of
fuel components within an engine operat-
ing at extremely high temperatures.

|1
i
H
|

|

Ideal for closed-loop proc#ss control on chemical_g;qq{é%ses

This mass spectrometer system is equally
adaptable for any kind of chemical process
where it is desirable to control the ratio of
feed gases. It is possible to control the feed
ratio, and the quality of the end-product.

Ideally suited for process-stream or at-
mosphere - monitoring applications, the
CEC 21-620 Mass Spectrometer provides
accurate readings in the range of mass 2
to mass 150. For detailed information.
contact your nearby CEC field office, or
write for Bulletin CEC 1824-X20.

Cornsol

OFFICES

v |
|

i

V=
1 [V

~e

V

| ‘
|/ It

IN PRINCIPAL CITIES THROUGHOUT THE WORLD
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J.ix computed by the Debye-IHickel
cquation with an average value of 4 or

D for a.

The weeurney of caleulations of this
<ort ix evidently limited when ions of
charge areater than -1 are involved
[Towever, for certain equilibria, notably
the dissociation of monobasic weak
acids, this treatment may be very sue-
cessful, thanks to a partial cancellation
of aetivity-cocflicient  corrections, In
spite of these limitations, pH measure-
in omost useful tool for the

ments
determination ol equilibriun: constants
and other electrochemical data with
moderite aecuraey.

Nonaqueous Media

Perhiaps the most difficult pH problen:
wcing  the modern analyst  concerns
the proper use of measurements i media

PROPER ENGINEERING AND PLANNING | that wre ot cntirely sgueous. In it

. strictest =ense, pll has no meaning in
cnAur ¥ A b solutions. What is the pll. for
3 A‘j IC T‘ne A N D S’paceal example, of g solution of a strong base
in 907 ethanol?  The ion-product con-
stant for water is no longer 1077
neutralizy, it it has any real significance
i it pIL 7. Yet in its
most genernl formulation--namely, the
operational  definition —a pH  value
it ; ; exist= for any mediun in which the pl
ecnmqukes, czc_i\iunvcec‘ cell dovelops a l‘f'prwlllrih}(' et
als, METALAB The hydrogen electrode and often the
micail cost. class clectrode display a defimte po-
tential in many =olutions that contain
little o1 no water. It may be pre-
sumed. therefore, that some quantity
he termed the “proton ac-
definite value in these
medi,  Bronsted regarded this proton
activity or Cproton availability”” to be a
manifestation of acidity in a  fairly

basic ideas have ¢

'
here. 1s no |

your labora

ment. By utilizing modular

OFFERS genersl serse, free from medium re-
stricti I'nfortunately.  this  con-

THE RESEARCH cept ix of more academic than practical
interest, for all comparisons of acidity

LABORATORY in two different media with the plIl cell

v invelve a  large and  indeterminate

ECONOMICAL phase-houndary potential.

« ADAPTABLE It scems clear, then. that the pll
meter is ineapable of furnishing @ useful
v FUNCTIONAL quantitative measure  of  changes in
v QUALITY acidity relutive to the aqueous reference

solutions with which the instrument is
EQUIPMENT customarily stundardized.  One iz led
1o ‘UHW:H‘ whether the nmumbers con-
stitute o qualitatively reliable index of
the charges in acidity that oceur as the
NORBUTE CORPORATION composizion of the solvent is altered. or

DIVISION OF

whether they are useful solely because

] 252 Duffy Avenue, ™ cksville, L.I., New York 1

! We o d i i 2 ] ol their roducibility. At least for
: 3 A Catalog 43. 1§ ethanol-water mixtures up to 1009
i . ) : cthanol, the qualitative validity of pH
i s - - B 1 measurements  scems  to  have been
I Tiganizatio S . - _ o i ed. The pH  meter, for
: i ; example reveuls the expected decrease
i Sl B i i acidity of an :u.‘t‘f:itr* hn!}m.* ,-'«)]n.tltm
! i and the inerease in the acidity of an
ol . amine huffer <olution as the solvent is en-

nforma rele pun i S Card, page 77
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Du Mont 12-stage Multiplier Phototubes
provide the high gain of 12 stages plus
outstanding stability to assure uniform results
over long-term use. Du Mont 12-stage
Multiplier Phototubes are available in 2", 3"
57, 12" and 16" sizes.

You can always count on Du Mont

Precise Photoelectronics to do

the job right —every time.

pUMONT

PI'C‘ClSQ PHOTOELECTRONICS

Industrial Tube Sales, ALLEN B. DU MONT LABORATORIES, INC. 2 Main Ave., Passaic, N. J.

For further information, circle number 21 A on Readers’ Service Card, page 77 A
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riched with alcohol.  Likewise, the pll
meter denonstrates the high acidity of
alcobolic hvdrochlorie acid as compared
with the acueous olution.

It has been claimed that a compari-
son of wcdities in pure erhanol and
pure water is subject to a liquid-junc-
tion error of ax much as 2 pH units.
Nevertheless, it is believed that a de-
termination of relative acidity in @ non-
aqueous nedium may be successful, as
long us the composition of the solvent
does not change.  If relative measure-

PACKARD

AUTOMATIC

FRACTION COLLECTORS
for Column Chromatography

ments of this type are indeed possible,
the availability of a series of reference
standards for @ variety of nonagueous
and mixed solvents, whose pH values
were consistent with the aqueous scale,
would link all of these measurements to
a4 common  basi Unfortunately, no
independent practical means of estab-
lishing these reference values has heen

proposed.

In contriving such a pll scale, we
would be motivated, perhaps falsely, by
w desire for formal consistency with the

Time, Drop Counting and Special Types

¢

] Packard Automatic Fraction
Collectors provide extremely
precise volume measurement
and ease of operation.

o

:!, Their reputation for excellent
perormance is backed by vears
of continuous service in lzabora-
tories throughout the nation.

B Simple mechanical and elec-
tronic design results not only
in high reliability but also in
initial cost economy.

-.L Sample hold-up. mixing and
possibility of contamination
are all eliminated in standard
time and drop counting
models. There are no inter-
mediate vessels, glass arms or
funnels. Drops from the column
fall directly into the test tubes.

W

Special turntables, large pre-
parative fraction collectorsand
various volumetric measuring
and continuous monitoring
devices are available.

For complete information send card or letter requesting g ==

illustrated 4-page Bulfetin 230.

DEPT- &
For further information, circle number 22 A on Readers’ Service Card, page 77 A
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LA GRANGE, ILLINOIS

procedures that are successful in aqueous
systems.  One must remember, how-
ever, that the pH meter with its aque-
ous standards can furnish reproducible
numbers in many partially aqueous and
nonaqueous  media. A plurality  of
standards can be justified only if it
provides results of increased usefulness.

Behavior of acids and bases in water
and some other leveling solvents iz sub-
ject to certain generalizations that do
not apply to all other solvents. Acid-
base interactions are influenced not
only by the so-called strengths of these
substances but by such factors as di-
electric constant, association, and steric
effects. Ilence, it is unlikely that a
measurement of a conventional proton
activity relative to water would be of
great practical value. Two acids of
different structures and charge types
would probably not participate to the
same extent in a reaction with a given
hase, even though the pH values of their
solutions were identical. Nor would a
single acid react the same at identical
pll vulues in different solvents, for the
extent of a chemical reaction is deter-
mined by factors that do not necessarily
influence  the electrometric  measure-
ment.  Where indicator reactions are
concerned, one is accustomed to at-
tribute these differences in reactivity to
salt effects and medium effects.

In view of these limitations, it seems
unwize to attempt to relate acid-base
phenomena in nonaqueous and partially
aqueous media to a scale which at best
has no exact theoretical meaning, or to
apply the term pI to these media in
other than its operational sense.  When
the qualitative indication afforded by
the operational pH will not suffice. the
analvst may resort to the IHammett
acidity function or to the electrometrice
function, pwH. Both functions relate
the acidity to the aqueous standard
state; hoth are free from the experi-
mental uncertainties of the liquid junc-
tion: and both permit an escape from
the fundamental ambiguity with which
the pH value is beset.

Summary

The pll measurement is a useful tool
for the analyst, providing him with re-
producible numbers in both aqueous
and nonaqueous media.  Its interpre-
tution. however, in terms of hydrogen
ion activity or concentration, can be
attempted only for certain aqueous sys-
tems of relatively ideal composition. It
should mot be applied to partially
aqueous or nonaqueous medin at the
present time.

Literature Cited
(1, Bates, Roger G, “Electrometric pH
Determinations,” Chap. 4, Wiley,
New York, N. Y., 1954,




Reduce laboratory operating costs with—

NEW (&) STAINLESS STEEL

VACUUM and PRESSURE FILTERS

The simple design of these new precision-type filters
makes it easy to disassemble and assemble them without
tocls. The filtering medium is a combination paper and
asbestos pad of various grades to meet different filtration
problems. Pad slips into pad housing quickly and a twirl
of the threaded nut tightens it into position, the whole
operation taking about a third as much time as in other
similar filters. Although the vacuum filters have five com-
ponents, they are so assembled that there are only two
units to take apart for sterilization.

The Filters are made of Type 304 stainless steel to prevent
deterioration. There are three laboratory models for
small scale sterile filtration or pilot plant work.

——FLOW RATE DATA

Flow Rate in Gal. Pore Size Range,

FILTERS. Pad No. Sq. Ft. Per Hour Microns
Catalog Liquid Each HK-5 160 5

No. ~ Mode Type Capacity ~ (Without Pads) :E:g ‘lg ]2:;
F-2110X  A-200 (35 mm.) Vacuum 40 cc. $24.50 HAK-3 20 1/10
F-2111X  A-300 (50 mm.) Vacuum 110 cc. 28.50 HAK-2 107 1/50
F-2112X  A-400 (65 mm.) Pressure/Vacuum 120 cc. 36.50 HAK-1 7 1/100

—FILTER PADS.
For Model A-200 For Model A-300 For Model A-400

Cataleg NG ..o s o wais 4 bos F-2110-4X F-2111-4X F-2112-4X

Pad NDB:: . im0 st ...| HAK-1,2,3 HK-5,6,8 HAK-1,2,3 HK-5,6,8 HAK-1,2,3 HK-5,6,8

Per 100 Pads. .. .......... $ 5.00 $ 4.00 $ 6.00 $ 5.00 $ 7.00 $ 6.00

Per 500 Pads.............. 24.00 23.00 23.50 27.50 32.00 31.00

NOTE: Plecse be sure to specify catalog number; also pad number.

and

_NEW BECKMAN AC Line-Operated POWER SUPPLY

FOR MODEL DU SPECTROPHOTOMETER

If you operate a Model DU Spectrophotometer, you will find
this new AC Power Supply an indispensable accessory.
Not only does it eliminate the task of keeping the storage
battery in good condition, but it eliminates the need for dry
cells used in both the DU and photomultiplier circuits. It
also provides a regulated voltage to operate the hydrogen
lamp for work in the ultra-violet region, dispensing with
the need for the power supply unit of the Ultraviolet Ac-
cessory Set.

The entire electronic circuitry is housed in a case approxi-
mately the same length as the DU monochromator. Oper-
ating controls are on top within easy reach.

f Improve the overall operating stability of your DU and re-

duce maintenance and servicing with this new power pack.

: S5 : No. 5-4349X AC Power Supply, 6%
SCI ENTI Flc Lns ﬂPPﬂRﬂTUS co INC. wide x 11" high x 22" long; weight 35
% A 1 . ) BLOOMEFIELD = NEWJERSEY Ibs. Input power 50/60 cycle, 115

LABORATORY APPARATUS ~INSTRUMENTS - CHEMICALS - GLASSWARE Voltsn 350 Wttt {Biieh;vexn  $593,:00

For further informatica, circle nunbers 23 A-1, 23 A-2 on Readers’ Service Card, page 77 A
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BETHLEHEM SEAL-CRIB

hbdd for Glass Tubing
l —— l

® The Filter-Seal door keeps out
all dust—even dust deposited
by "atmospheric breathing.”

® Divided compartments for

easy classification.

Holds qumg of all standard

sizes and lengtt

® Saves space in

[ ]

he laboratory.

Write for Bulletin SC-54, also free copy of our
manual "Glass Blowing on the Glass Lathe".

BETHLEHEM

' Apparatus Company, Inc.
HELLERTOWN, PENNSYLVANIA

uspenc “rom ceil

Fm “urther minrmalwn circle numbars 24 A-1, 24 A-2 on Readers’ Service Card. page 77 A

RESEARCH AND PILOT PLANT EQUIPMENT
for DRYING and CALCINING
Gas Fired Cenfinvous

Ratary; Dryse The direct fired rotary kiln — pictured above — |

Steam Heated Continuous

ik % calcining ores, crystalline chemical
otary Dryer

is used for
salts, petroleum coke, applying ceramic coatings
Gas Fired Rotary t PRIyLAE ; : 8
Contirvous Cembination to granulated minerals and performing other

Calciner and Ccoler

oxidizing and mildly reducing operations. Tem-

Electrically Hected Rotary

Confinuous Cembination
Calciner and Ccoler

perattras to 23007 I, Fired with natural, manu-

tact

or propane gas. Approximately 60"

Direct Fired Rotary Kiin

wide;

180" long; 5’6" high. For 1 |
Steam Jacketed Barch Dryes

purchase only — not for rental.
(with Rotary Sweep) 7

THE C. O. BARTLETT & SNOW CO.
6210 HARVARD AVENUE * CLEVELAND 5, OHIO

For further information, circle number 24 A-3 on Readers’ Service Card, page 77 A
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BLENDERS
IN ONE!

P-K Yoke model blender is ideal for small
scale batch blending. Yoke arrangement fits
standard 4 or 8 quart blender frame...
permits two different blends at once . .. ac-
commodates two 1 pint or two 1 quart or
one 2 quart shell...or a combination of
quarts, pi Shells of heavy transparent

cr .n!es; st can be removed in

Changeover to single 4 or 8-quart shells for

standard blending jobs is simpie. Shells are

water Ard dust-tight, and can be clinically

discharging is easy

access openings in the trans-

I steel shells. All

head motor with

sprocket drive. Standard 4 and

odel and extra shells are
rediate shipment.

This is a p-k Twin Shell Intensifier model
designed to produce completely uniform lab
blends of materials difficult to mix. Stain-
less, self-centering Intensifier bar (fore-
ground) snaps into place, spins at high speed
to break up lumps. Intensifier models are
available from stock in 4 or 8 quart working
capacities.

To get the full story ,% e
ask for our new catalog 14 & ==
—
The Patterson-Kelley Co. Inc.,
2350 Hanson Street, East Stroudsburg, Pa.

5

PATTERSON - KELLEY

Chemical and Process Division

Circle No. 24 A-4 on Readers’ Service Card, page 77 A



For the BUSY Analytical Laboratory,
where large numbers of
precision analyses are required

e

Coleman Spectrophotometers
are fast, accurate, dependable

1,000 steel scrap analyses per day in a large, midwest
steel mill; 25,000 cholesterol determinations in 3 months
in a west-coast biological laboratory—these are the kind
of work programs that demand speed, precision and,
above all, day-to-day dependability—continuing perform-
ance without interruption for maintenance or repairs.
These are the work programs that Coleman Spectropho-
tometers perform so effectively, in laboratories the world
over.

Because they employ no vacuum tubes, no electronic
amplifiers—because they require no complicated me-

chanical slit adjustments or dark-current balance—

Coleman Spectrophotometers will deliver precise
analyses, at high speed, even in the hands of untrained oper-

ators

and with a reliability unequaled by any other
spectrophotometer.

The Coleman Junior Spectrophotometer—for the most
economical and dependable performance of routine
spectrophotometric analyses.

The Coleman Universal Spectrophotometer—for the great-
est speed and versatility in the laboratory requiring pre-
cision measurements in spectrophotometry and related
sciences, including Fluorometry, Nephelometry, Colori-

metric Titration, and others.

For complete information about Coleman Spectrophotometers and other Coleman products, write for Bulletin B-228.

Write to Dept. A, Coleman Instruments, Inc., Maywood, Illinois.

% Coleman Spectrophotometers

For further information, circle number 25 A on Readers’ Service Card, page 77 A
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PARR APPARATUS

. . . for reactions at elevated
pressures and temperatures

Series 3910

LOW PRESSURE, SHAKER TYPE — For catalytic
hydrogenation and other reaciions at pressures to
5 atm. using a 500 ml. glass reaction bottle held in
a sturdy clampiag device. Connections to a 4-liter gas
tank permit quantitative control of hydrogen con-
sumed. Heater available for temperatures to 100° C.

Series 4500

MEDIUM PRESSURE, STIRRER TYPE — For .hy«
drogenation, alkylation, hydrolysis, polymerization,
sulfonation aad many other reactions requiring an
autoclave with stirrer for pressures to 1000 psig. and
temperatures to 350° C. Available with either 1 or
2 liter stainless steel bombs, both interchangeable in
the same electric heater.

Series 400C

HIGH PRESSURE, ROCKER TYPE — For hydro-
genation and other reactions ar pressures to 6000
psig. at temperatures to 350° C. Furnished with either
500 or 1000 ml. stainless steel bombs. Apparatus in-
cludes oscillazing mechanism, electric heater, and con-
nections for adding or removing gas under pressure
while rocking.

Ask your Pary Dealer or write direct.

PARR INSTRUMENT CO.

MOLINE, ILLINOIS

Circle Nn. 26 A-1 on Readers’ Service Card, page 77 A
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FOR PILOT & EXPERIMENTAL
RUNS—Use the WARING
Commercial BLENDOR

This heavy-duty, gallon-sized WARING Commercial
BLENDOR is ideal for all pilot preparations. Test-run
samples of every description from ceramic clay to water-
proof chassis grease, from paper pulping to barium
mixtures.

Multi-speed, 1%5 h.p. motor—I115 volts, AC—with
7Y foot 3 conductor ground cord. Stainless steel con-
tainer with welded stainless steel handle and clamp lid
cover with sampling section. Blending assembly easily
removed by loosening nut in bottom of container. This
permits quick, complete cleaning of the unit. Motor
and assembly lifetime lubricated.

NEW EXPLOSION PROOF MOTOR!
WARING BLENDOR BASE
Model EP-1 carries a Class 1
Group D rating for use in hazard-
ous places. Shown with Stainless
Steel Container SS 510. (Container
and EP Switch additional.)

Write Today for Specifications
and Applications Data:

WARING PRODUCTS
CORPORATION

25 West 43rd Street, New York City 36
Subsidiary of Dynamics Corp. of America

Circle No. 26 A-2 on Readers’ Service Card, page 77 A



A Spectrograph
for only 15951

Grating

Spectrum
Coverage

Dispersion

Resolving
Power

Choice of

FOR INDUSTR

4500-7000A
(First order)

80,000
(Second order)

Three Moels

Y AND EDUCATION

635 450
Grooves/mm Grooves|mm

415
Grooves/mm
2250-6250A
(First order)

3700-7400A
(First order)
1850-3700A
(Second order)

15A/mm
(First order)

7.5AImm
(Second order)
70,000
(Second order)

16A/mm
(First order)

32,000
\ (First order)

Save time and materials with fast, dependable determinations
...with world-standard B&L Spectrographs

e B&L DUAL-GRATING SPECTROGRAPH
—Photographs two different
spectral regions in one expo-
sure (1850A-24000A range).
8A/mm and 4A|mm dispersion.

LITTROW SPECTROGRAPH—Two
easily interchangeable optical
systems. Quartz system: 2100A-
8000A (unsurpassed dispersion
in the crowded 2200A-3500A
range). Glass system: 3550A-
10000A.

LITTROW-ECHELLE SPECTROGRAPH
—Littrow prism system plus
the B&L echelle: .3A|/mm dis-
persion at 2000A, .GA/mm at
5000A!160,000 resolution with
routine excitation equipment,
300,000 and higher with spe-
cial source.

ECHELLE ATTACHMENT—For use
with B&L Littrow Spectro-
graph,provides the extra linear
separation and resolving power
of B&L echelle photography.

BAUSCH & LOMB

BAUSCH & LOMB
1.5 Meter

FREE

ANALYTICAL
PLANNING SERVICE

Whether you now use spectrography or not,
let us survey your present and future ana-
Iytical problems...both wet and dry. We'll
recommend efficient spectrographic methods
and equipment to assure you best results for
today @nd tomorrow.

BAUSCH & LOMB OPTICAL CO.
60917 St. Paul St., Rochester 2, N. Y.

j Send me B&L Spectrograph Catalog D-277
NAME, THTIE..ccscunmsmmsmn: s

COMPANY_.._....

ADDRESS......

Sy (1] | S
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D Schedule free Analytical Planning Survey for me

STIGMATIC GRATING SPECTROGRAPH

Unbelievably fine line quality ... at the lowest price in
the spectrograph field! Choice of models for fast, easy deter-
minations of a wide range of metals and alloys, lubricants,
pigments, pharmaceuticals, many other materials. Takes
10” length of 35mm film. Sturdy, stable. Compact: 5'x2'x1’.
Complete with 36”x4” optical bed to accommodate all
current B&L accessories. (Accessories extra.)

STATE: .o



CENCO

HIGH VACUUM PUMPS

__Quiet ... Low-Vibration...Compact... Dependable...

High Pumping Speed . ..Wide Range of Capacities

Here are three new models in the Cenco line of high vacuum
pumps. They're new from top to bottom . . . completely rede-
signed for greater efficiency . . . free from vibration . . . and
dynamically balanced for quiet operation. They have
fewer working parts and all parts are made to preci-
sion tolerances. They are backed by more than
55 years of leadership in the design and man-

ufacture of high vacuum apparatus of all
kinds. For any application in plant,
laboratory or research project where

high speed, high vacuum is a requirement

. .. there’s a Cenco High Vacuum Pump that
will meet your needs.

HYVAC 2—No. 91305-1 60 cy. 115 v.
with motor and base $175.00

This precision engineered pump pro-
duces a free air displacement of 20 liters
per minute. Reaches a guaranteed pres-
sure of 0.1 micron.

HYVAC 7—No. 91505-1 60 cy.
115 '230 v. with motor and base
$275.00. No. 91506-1 (with Gas
Ballast Control) $285.00

The new Cenco-Hyvac 7 produces a
free air displacement of 70 liters per
minute and reaches a guaranteed pres-
sure of 0.1 micron. Ratio of pumping
speed at 1 micron to that at atmospheric
pressure is 45 7. Now available with or
without gas ballast control.

HYVAC 14—(with Gas Ballast Con-
trol) No. 91705-1 60 cy. 115 '230 v.
with motor and base $350.00

This is the largest pump in the Cenco-
Hyvac line and is provided with the gas
ballast control feature. It achieves a free
air displacement of 140 liters per minute
and attains a guaranteed pressure of 0.1
micron.

All of these pumps are also available
with motors for other voltage require-
ments or with explosion proof motors.

HYVAC 14 Ask For Bulletin No. 9.

CENTRAL SCIENTIFIC COMPANY

[ the h{us: Sy | General Offices and Factory— 1708 Irving Park Road e Chicago 13, lllinois
Sretoryi s Branches and Warehouses—Mountainside, N. J. o Boston s Birmingham
Central Scientific Co. of California—Santa Clara ¢ Los Angeles
{@,) Refinery Supply Company—Tulsa » Houston
® Central Scientific Co. of Canada, Ltd.—Toronto « Montreal « Vancouver « Ottawa
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Analysts Aid Battle on Insects

Petroleum seekers get help also from analysts . . .

New trace techniques developed . .

honored

MIAMI—With crop losses to insects
now at the $4 billion @ year level, there
is urgent need for o large variety of
cfficient pesticidal chemicals, Safe and
cffective use of such chemicals requires
analytical  techniques  and
tecent  legislation  requires
precise determination of pesticidal resi-

adequate
methods,

dues on crops. The role o the an-
al therefore, becomes  inercasingly
significant in the arca of erop production.

The subject of methods for analysis
of pesticide residues was covered in a
two-day symposium sponsored by the
Division of Analytical Chemistry held
here in April. Other svmposia dealt
with analytical contributions to rescarch
in petroleum geochemistry and Beck-
man Award winner Ralph I1. Miller
and  Fisher Award  winner John 11

Yoe.

1

Pesticide Residues Challenge
Analysts

arch task involved in

The major res
assessing possibilities of large-scale use
of any pesticide is analytical. a report
by F. A Gunther, University of Cali-
fornia, stated.  His paper was read by
W I Baier, Sunkist Growers.
late, measure, and identity these chem-

To iso-

Mrs. Richard Gordon looks at the Fisher Award in Analytical
Chemistry etching given to her father, John H. Yoe, University
of Virginia authority in colorimetric analysis. John W.
Aldinger (left), Fisher Scientific Co., presented the award

Yoe and Miller

or in plants or in the soil
use of every tool known to
*, chemistry, and physies.

Legal requirements relating to resi-
dues were outlined by T, H. Harris,
U, N Department of Agriculture, and
J. A, Noone, National Agricultural
Chemicals Association.

Under the Federal Insecticide, Fun-
gicide, and Rodenticide Act if it can
be shown that these chemicals leave no
residucs on or in the erops. registration
is granted.  Where residues are left,
tolerance limits or exemptions are es-
tablished.  In both cases the analyst is
called upon to supply factual data.

Requirements of the Miller Pesticide
Residue Amendment, Noone said, make
methods of analysis and compilation of
residuc data the eritical and limiting
factors in maintaining and expanding
uses of pesticides for food crops. Costs
of conducting rescarch in these areas

are great and much will have to be done
by federal and state rescarch personnel.
Noone  suggested  the  desirability  of
incorporating residue studies in pesti-
cide field testing programs.

C. . Van  Middelem, University
of Florida, and Louis Lykken, Shell
Chemical Co., emphasized the need for

Instruments, Inc.

carcliul sampling.  Thix calls for close
cooperation between the ehemist and
entomologist in establishing  standard-
ized procedures for formulations, dos-
ages, replications, sampling procedures,
solvents, extraction times, and storage
temperatures,

Analysts Aid Petroleum
Geochemistry Research

Analyvtical rescarch on residues of
chlorophy !l and hemoglobin, known as
porphyrins, is =hedding light on the
origins of petroleum and assisting the
petroleum: industry cope with this ma-
terial which has adverse effeets in pe-
troleum processing.  Porphyrins poison
sone eatalysts) are corrosive in speeial
fuels, and affeet the How of fluids in
petroleum reservoirs,

Chlorophyll derivatives i certain
marine =cdiments can be determined
spectrophotometrically following  ex-
traction with acetone, W, L. Ore and
Jo R, Grady. University of Southern
California, learnec.  Extensive research
on porphyrinsg by H. N, Dunning and
Jo W Moore, Bureau of Mines, Bartles-
ville, Okl gives support to the theory
that  bituminous materials  have  a
hiological origin (marine and terrestrial
plants and anhmals).  Results also sup-
port the theory  of  low-temperature
history with asphaltic type formation
preceding oil Tormation.

Similarly. thermal degradation studies
of vanadium and nickel porphyrin com-
plexes, earvied out by Go WL Hodgson
and Bo L Baker. Research Counel of

Ralph H. Miller, Los Alamos Scientific Laboratory (right),
instrumentation authority, receives $1000 Beckman Award in
Chemical Instrumentation from Mark K. Howlett, Beckman
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stop everything

with WM%%&MSMM/

(everything worth mentioning, that is!)

The Lab-Crest Stopcock ‘s inert to all chemicals and solvents. For
the record, we know of two exceptions—molten alkali metals and
fluorine.

PROVELD by 3 years of field testing, the Lab-Crest Stopcock does
not leak . . . never “freezes™ . . . requires no lubrication . . . there
is no product contamination. At $4.90, it offers you the best
stopcock made.

W riie for this new catalog which tllustrates products
feaiuring the Lab-Crest Stopcock and includes
prices and spectfications.

FISCHER & PORTER COMPANY

1557 County Line Road, Hatboro, Pa.
For further information, circle number 30 A on Readers’ Service Card, page 77 A
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Alberta  (Canada), gives support to
the low-temperature theory.

Studies on the organic materials in
shales and limestones associated with
oil fields show that they contain up to
5% organic matter.  Research by T. P.
Forsman and J. M. Hunt, Carter Oil Co.,
Tulsa, shows that most of the material
is carbonaceous (kerogen) which is in-
soluble in organic solvents. Recently
developed isolation techniques permit
extraction of these small amounts of
kerogen by hydrofluoric-phosphoric acid
mixtures, certain alkalies, hydrochlorie
acid, and physical separations.  X-ray
diffraction is used to identify impurities
at various stages of isolation.

Colorimetry Advances Reported

Rapid progress in a relatively old ana-
Ivtical technique, colorimetry, has been
made possible through the development
of analytical instrumentation, John
H. Yoo stated in his Fisher Award
address,  Instrumentation includes pH
meters, photoeleetrie colorimeters, spec-
trophotometers, ion exchange resins,
water immiscible organic liquids, and
radioactive isotopes,

An area marked by recent progress is
that of colorimetric determination of
inorganic constituents by organic com-
pound reagents. To date more than 6000
organic compounds have been tested
against 75 to SO metallic ions for color
reactions.  These have been done by
spot tests or micro glass cells in acid,
alkaline, and neutral solutions.  The
research has resulted in discovery of
a number of new and highly sensitive
color reagents and  development  of
procedures,

Reagents have been developed  for
palladium, platinum, iron, titanium,
molybdenum, zine, copper, uranium,
magnesium,  boron, osmium, fluorine,
silver, gold, aluminum, cobalt, nickel,
and zirconium.

The papers in this symposium were
presented by several of Yoe's former
students.

A spectrophotometric method for the
determination of submicrogram amounts
of mickel in human blood or other
biological fluids, for example, was de-
seribed by M. L. Cluett, E. I. du Pont de
Nemours & Co., Ine. The method, which
is based on complex formation between
nickel and diethyldithiocarbamate, al-
lows determination of 0.2 microgram
of nickel with a precision of about 309%.

Tailor-made  membrane  electrodes,
which respond to specific ions, are one
possible end result of studies on perm-
seleetive membranes, J. S, Parsons.
American  Cyanamid Co., reported.
These membranes have been made and
used as indicator electrodes for the
potentiometric titration of suliate with




Slowing down the leucocytes

Magnification of blood sample from leukemia victim, showing extreme
white cell-to-red cell imbalance. White cell level 250 times greater than normal.

Beckman@/DK Automatic Recording Spectrophotometer
speeds research in leukemia

S eeking to stop leukemia, medical scientists have learned
how to slow it down. Inhibitors have been found that tem-
porarily stop the abnormal production of leucocytes, white
blood cells. But, because the body develops resistance to
these present inhibitors, white cell metabolism must be
better understood and more selective inhibitors discovered
to permanently stop abnormal production of leucocytes.

Leucocyte-inhibitor reaction is studied by introducing a
radioactive assimilate into the environment of leucocyte
samples, both in the presence and in the absence of an
inhibitor. To determine what metabolic use the leucocytes
make of the radioactive substance and what effect the inhib-
itor has on this process is a big analytical job.
Beckman DK-2 gets the job done twenty times faster
More time i\ Otgg)i‘cal thperiment of this t)}flptg in;:l_olves the colltectigntof
R i ractions, measuring each fraction on a spectrophoto-
for more progress meter for ultraviolet absorption, and plotting results — an
almost insurmountable task without a high-speed auto-
matic instrument. The medical researchers faced with mak-
ing these thousands of analyses have found that the Beck-
man DK-2 Automatic Recording Spectrophotometer is
20 times faster than manual measurement and recording.

Whenever analysis in ultraviolet, visible, or near-infrared
ranges is required, the speed and precision of the Beckman
DK.-2 can accelerate research significantly. For details, see
your Beckman dealer, or request Data File L-27-15.

inresearch . . .

Beckman:

with the Beckman DK-2 Scientific Instruments Division
Recording Spectrophotometer 2500 Fuilerton Road, Fullerton. California

a division of Beckman Instruments. Inc.

Responsible new positions in engineering, manufacturing, technical marketing. Write for Career File 10.
For further information, circle numbers 31 A-1, 31 A-2 on Readers’ Service Card, page 77 A
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APIEZON OIL DISTILLATES
for HIGH VACUUM WORK

These Apiezon products have the recognition of leading scien-
vho accord them top preference for high vacuum work.
Jecause of the exceedingly low vapor pressure of all
these oil distillates. at usual room temperatures, they are in
great demand for all sorts of high vacuum work. Their vapor
pressures are as low as
10 mm. Hg, and even
unmeasurable at room
temperature.

As the exclusive distribu-
tor in the United States, we
offer immediate delivery
from stock on the complete
range of these oils and
compounds.

For applications, working
characteristicsand list prices,
write for Bulletin 43-4C.

tists

LEYBOLD MERCURY EJECTORS and
DIFFUSION PUMPS

Thz Model Hg 3 mercury diffusion pump
reaches its full Humping speed at pressures
Helow 10-2 mm. Hg and remairs constant
down to 10-" mm. Hg.

The mercury ejectors models Hg 12 and
Hg 45 reach maximum pumpirg speed at
ween 10-1 and 10-* mm. Hg.
1ed jets permit constant pump-
essures between 10-+ and 10-

mm. Hg.

The pumps begin to operate at considerably
higher pressures. The ultimate vacuum is better
than 10-» mm. Hg.

We welcome your inquiries on tais equip-

sories for it

ment and the
Weite for Bi

JAMES G. BIDDLE CO.

* ELECTRICAL TESTING INSTRUMENTS ‘316ARCHSTREET
e SPEED MEASURING INSTRUMENTS PHILADELPHIA 7, PA.
* LABORATORY & SCIENTIFIC EQUIPMENT L
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barium acetate. The cation and anion
selective membranes are made hy mold-
ing commercially available ion exchange
resins with a plastic binder.

New Instrumentation Advances

- of obscure or less highly

ed phenomena may be the source
of significant new advances in analytical
mentation, R. H. Miiller stated
in his Beckman Award address.  The

I techniques. he believes, max
been refined and developed to the
point of diminishing returns. These
include titrations and clectrochemical

and optical methods,

Some  techniques  which  might  be
explored  he feels, include thermal,
maenetic, and nuelear effeets,  Activi-
dioactive
methods

ol

tion analysis and u

tracers are the only nuclear

in widespread use

Further developments in the field
of instrumentation will alzo depend in
part on a generalized approach to instru-
wmental research and a sound schem

it present.

for training people in the field.
instrumentation research
ned concerning what

Through

more will be

goes on in o process.  Results can

ed  continuously  and
automatica ith savings in time.
manpower. and money, Miiller said.

I new or modified instruments

then b

DOVeT:

were deseribed in the symposium honor-
ing Miiller.  An automatic instrument.
composed of a derivative polarograph
and a sampling and proportioning sys-

tem, for example, has been developed

to higl concentrations  of
ur: process  streams. C. L
dden. U, S, Atomie Encrgy Com-
mission,  statec that this  derivative
D ograph. bazed on the RC eircuit.

ans 1]“' .'\;):,‘““(I ."(’“’HQ(' i” a reverse
direetion to decrcase peak oscillations,
[t can analyze process streams contain-
ing from 100 to 200 grams per liter ot
uranium with an accuracy of 69¢.
o derivative lm]:n‘n'_“r;un]!_\' de
ments, reported by D. =X. Fish
: . T. Kelley, Oak Ridge National
Laboratory, include two models which
utilize the combination of current am-
plificr and RC network. The current
amplifier permits use of high values of
current  measuring  resistors and  low
values of RC differentiating networks.
An instrument for continuous elec-
trochromatography  was  deseribed by
Il II. Strain. Argonne National Lab
oratory. This sy=tem
tinuous resolution of mixtures of ion-
iz”'i or "}C‘"t]‘i"( “‘\ "Elf!l'ﬁl‘(i .\(!hlt(‘.‘ ]P\
cleetrical migration transverse to  the
fow  of the background electrolytic
solution. Separations are carried out
in a thick porous industrial filter paper
with a background solution added by

permits  con-




NO W—aA universal laboratory gas burner!

Burns Any Gaseous Fuel...

The general purpose Nylab Flame Master as-
semblage, an entirely new concept in serving
heat for laboratory use, adapts to any gaseous
fuel—manufactured, natural or bottled type—
ranging from 150 to 3000 B.t.u. Special high
temperature stacks are available for ecfficient
handling of acetylene and hydrogen.

For complete particulars including data
covering more limited assemblages,

single duty burners, and various accessories
—write for vour copy of bulletin 157.

Flame

T. PENDING

Provides Any Flame Size
and Type...

A complete range of flame sizes from the
smallest micro to extra large (2” diamecter).
Uniform temperature throughout flame area.
The Nylab Flame Master is a precision in-
strument that will meet every laboratory gas
burner requirement.

For further information, circle number 33 A on Readers’ Service Card, page 77 A
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Fast-accurate

SULFUR

analysis

)
RO\ ROEY
STeg QQ“NGS
ORGANIC
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MEAS ke

with a

DIETERT-DETROIT
Sulfur Determinator

The Dietert-Detroit
Sulfur Determinator
features an extremely
simple direct-reading

burette. No involved
measuring or comput-
ing. Provides fast ac-
i sulfur
s of

curate analysis
content in
materia

5 W C
durable, easily mai
tained. Widely used in
company laboratories
and institutions of
every description for
over 18 years.

Dietert-Detroit Sulfur Determinator
No. 3104, with combustion Furnace.

Send for FREE Catalog!

16 page Dietert-Detroit Cata-
log illustrates and describes
both Sulfur and Carbcn
Determinatorsand complete
line of accessory equipment
and supplies

HARRY W. DIETERT CO.

CONTROL EQUIPMENT

9330 ROSELAWN DETROIT 4, MICHIGAN

Serd me your latest Carbon-Sulfur Determinator
catalog
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A major responsibility of scientists is to convince secondary school students that
science is a challenging career, Paul M. Gross (center), vice presidnent, Duke

University, stated at the Analytical Division dinner.

Divisional officers R. P.

Chapman (right), American Cyanamid, chairman, and Warren Brandt, Purdue
University, secretary-treasurer, discuss this topic with Gross

capillary siphon flow. The filter paper,
which is narrower at the top than at
the bottom, is supported at a slight
incline on solidified polystyrene foam.
A cover of polyethylene sheeting pre-
vents evaporation of the solution.
The apparatus has been applied to
such ions as silver and copper, cobalt
and iron, silver and cadmium, and bis-
muth and aluminum.

More information concerning tem-
peratures at which various intermedi-
ates and final reaction products are
formed can be obtained from a simple
differentiator, Clement Campbell, Pica-
tinny Arsenal, reported. It cons of
a precision, single-turn transmitting
potentiometer mounted on the slide-
wire shaft of a recorder used to obtain
the thermogram.

A recording differential refractometer,
originally designed for process control,
such as monitoring effluents from
adsorption and partition chromatog-
raphy columns and ion exclusion
columns, is sensitive enough (107%)
for use as a laboratory instrument.
This development is the work of P. B.
Moseley and R. H. Osborn, Hercules
Powder Co., and P. W. Collyer, Barnes
Engineering Co.

A completely automatic, recording
cryoscopic apparatus, described by E.
L. Simons, General Electric Research
Laboratory, has a unique way of con-
trolling supercooling. A stream of
precooled nitrogen gas impinges on the
bottom of the cell containing the liquid

to be frozen. Crystallization of the
supercooled liquid is induced quickly.
As the temperature rises toward the
freezing point of the liquid, the nitrogen
stream is automatically cut off.

D. M. Rosie, Esso Research and En-
gineering Co., found that, contrary to
prior assumptions, the thermal conduc-
tivity differences between similar hydro-
carbons even when measured against

helium, may be significantly large.
When correction is made for these

thermal conductivity differences, pre-
cise quantitative results are obtained in
using gas chromatographs with ther-
mal conductivity cells.

A gas chromatography apparatus,
suitable for analyses of impurities at
the parts per million level was de-
seribed by C. E. Bennett, E. 1. du
Pont de Nemours & Co., Inc. This in-
strument uses a direct-current amplifier
in conjunction with a thermistor de-
tector. Typical applications are traces
of isopropyl alecohol in benzene, benzene
in toluene, methanol in water, and cyclo-
hexanol in toluene.

An automatically operated, modified
chromatograph instrument for lab-
oratory use was described by Nathaniel
Brenner, Perkin-Elmer Corp. A one-
inch diameter column, one meter
long, fits directly into a standard gas
chromatography apparatus. Use of au-
tomatic controls to operate sample
injection and sample collection devices
provides a system for continuous, auto-
matic preparation of pure samples.




When one of the largest schools of
technology in this country decided to
find out how true are the claims we
make for PYREX brand graduated cyl-
inders. it came up with this result:

Just one PYREX cylinder ends up in the
“broken glass” pail for every three of

the leading competitive brand.

The university based its test on the
cylinder-breaking ability of two large
groups of chemistry students. One
group used only PYREX No. 3046 cyl-
inders for a full semester. The other
group used only the competitive brand.

SAVE TWO-THIRDS—A large Eastern University cut

its replacement costs by two-thirds after it switched
to PYREX brand No. 3046 graduated cylinders.

Test at large university shows how to erase
two-thirds of your graduated cylinder breakage

Why do you get such low breakage?
No magic involved—ijust forty-and-
then-some years of know-how that’s
built into the design of the PYREX No.
3046 cylinder and the glass it’s made of.
These design fea-
tures, for example: Re-
inforced beadstrength-
ens cylinder, helps
prevent breakage if
cylinder tips over.
Hexagonal base—a
Corning first—with
extra base width to re-
sist tipping. Also pre-
vents rolling when you
set cylinder on its side.

Permanent graduations
You also get LIFETIME RED gradua-
tions on No. 3046 cylinders. Etched
right into the glass through a perma-
nent layer of red, they can’t wear off.
No. 3046 cylinders are available in
sizes 10 thru 250 ml. For more infor-
mation on these and other PYREX volu-
metric ware, consult your Laboratory
Supply Dealer or your Laboratory
Glassware Catalog LP36. If you don’t
have this catalog of Corning glass-
ware, we'll be glad to send you a copy.

CORNING GLASS WORKS
72-5 Crystal St., Corning, N.Y.
MWMW&; =%

PYREX® laboratory ware

. . . the tested tool of modern research
For further information, circle number 35 A on Readers’ Service Card, page 77 A
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his or her brand of filter papers

advantages with
Filter Papers

Lower Ash Content

than any filter paper we have tested—less than 0.007 %

for quantitative grades.

Higher Alpha Cellulose Content
than any filter paper we have tested —97-98%, for
quantitative and qualitative grades.

No Price Premium.

Your company purchasing agent pays no more for the finest.

For the chemist who wants extras at no extra
cost, S&S Analytical Filter Papers offer out-
standing advantages. This is possible because
of the great care and precision that goes into
the manufacture of these outstanding Ameri-
can-made analytical working tools—from selec-
tion of raws through to the finished product.
Every lot of S&S Filter Papers is actually
pre-tested before it is released and a consider-
able sample portion of each lot is used in ex-
haustive tests by S&S quality control techni-
cians. This careful pre-testing assures that you
receive the finest in analytical filter papers lot
after lot. month after month. year after vear.

It is a constant challenge to S&S not only to
maintain present high standards but to strive
continually to improve them further. The
accuracy of your work can depend upon the
accuracy of our work in producing S&S Ana-
lytical Filter Papers.

As a result, S&S specifications are repeatedly
higher than those mentioned in procedure
manuals where a brand name and grade is
specified, “or equivalent.” And, because of its
high quality S&S is being named as the stand-
ard filter paper for many new experiments and
in new procedure manuals.

Be sure to specify S&S—the pre-tested ana-
lytical filter paper with the added advantages
to you and your company—lower ash content,

CARL SCHLEICHER & SCHUELL CO.

higher alpha cellulose content, uniform filtering
qualities—and at no price premium. Get the
“margin of safety” in your analyses that comes
with using what we sincerely believe to be the
finest analytical filter paper in the world.

S & S Ultra Filters

S&S Ultra Filters are porous membranes with extremely
uniform microstructure and very smooth surface. Avail-
able in four different types: S&S Membrane Filters (12
porosities: 1.0 & to 0.1 u) and S&S Ultrafine Filters (5
porosities: 100 mu to 5 mu) are used with aqueous solu-
tions. S&S Cella Filters (4 porosities: 1.0 & to 0.1 i) and
S&S Ultracella Filters (5 porosities: 100 mi to 5 mu)
may be used with organic solutions.

Microbiological applications include testing of water,
milk, foods, sanitation control and pathogenic bac-
teriology. Biochemical applications include enrichment
of protein, identification or preparation of hormones,
tissue extracts and albumin-free filtrates. Write for
Bulletin #76. S&S Ultra Filters are also used in air
analysis. Ask for Bulletin #77.

FREE to chemists
S &S Analytical Filter Paper Sampler

Try the finest in your own lab-
oratory at no cost or obligation.
Also included with Sampler is
S&S Filtration Chart, indicating
relative values of retention;
table of comparative filter pa-
per grades; valuable S&S *‘Quick
Reference” Catalog; and Bul- @
letin on Chromatography and
Electrophoresis.

KEENE, NEW HAMPSHIRE

ANALYTICAL FILTER PAPERS

laboratory supply house
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L@AI:IQKNAL Spectroscopic Electrodes and Powders

Here they ave! A coraplete line of “National” Purity is a keyword at National Carbon, from
spectroscoypic electredes and powders. Now, a quality manufacturing through exclusive pack-
total of foity preforrmed sizes and shapes to aging which protects the product during ship-

mee: virtually every need of the spectrosco- ment and storage. See how you can save money,
pist—plus stock length and powders—all of  speed operations anc. improve testing with
the highest durity obtainable. this wide assortment of preformed electrodes.

CUSTOM-MACHINED ELECTRODES
Where unusual test methods require electrode shapes not included in
our preformed line, National Carbon will quote on machining to your
specifications and maintaining the required shapes and sizes in stock.

Che term: “National” and ""Union Carbide” are trade-marks of Union Carbide and Carbon Corporation
NATIONAL CARBON COMPANY -+ A Division of Union Carbide and Carbon Corporation - 30 East 42nd Street, New York 17, N. Y.
Atlanta, Chicago, Dallac, Kansas City, Los Angeles. New York, Pittsburgh, San Francisco. I Canada: Union Carbide Canada Limited, Toronto
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Special Problems
in Atomic
Laboratories

TuousaNDs of scientists converged on
Philadelphia’s Convention Hall in mid-
March for the 1957 Nuelear Congre:
The week-long meeting included three
technical conferences, as well as an in-
ternational atomic exposition. Session
topics ranged all the way from reactor
operation and spent-fuel processing to
plant instrumentation and the metal-
inrgy of nuclear alloys. A number of
papers were of special interest to ana-
iytical chemists.

As pointed out in a report by Bernd
Kahn of Oak Ridge National Labora-
tory and Abraham S. Goldin of Robert
A. Taft Sanitary Engineering Center, o
varicty of technigues are available for
the identification of radionuclides.
{dentification ray be based on chemical
separation (inclnding separation of a
ity) or on radiation char-
acteristics, such as type (alpha, beta, or
mma), half life, or energy. A com-
bination of chemical and physical
methods is generally more cfficient than
cither approach alone. In many cases,
however, determination of radiation
characteristics may not be practical be-
canse the isotopes involved are present
in extremely small quantities.

At these low levels, the activity must
usually be concentrated from very large
samples. At still lower activity levels
or where large samples are not available,
extremely specialized counting equip-
ment must be used, in which the back-
ground is lowered to mere traces by
heavy shiclding and speeial circuitry.

For many materials, preliminary
sample preparation is a major problem.
The analysis of solid samples usually re-
quires that they be totally dissolved.
A soil is treated by carbonate fusion
and then dissolved in acid; a biological
material is either wet- or dry-ashed and
then dissolved. These methods are
tedious and not entirely satisfactory,
even when they do not e loss of
radioactivity or add excessive amounts
of inactive contaminants.

Although radiochemical separations
based on conventional analytical meth-
ods have been published for every ele-
ment, they must be modified to permit
measurement at low levels of activity
and allow application to different media,
Kahn and Goldin emphasize. Espe-
cially with soils and biological materials,
separation of the desired radionuclide
from a large mass of inert matter can be
extremely difficult. These inert ma-
terials usually are not considered in

For wider model choice
choose
LABCONCO KJELDAHL

Standard Labconco Kjel-
dahl units are available
in sizes from 6 to 48
heaters. In labs with a
heavy work load, larger
units mean larger
"“batches’’, with a big
saving in time at every
step in the determination.

All electric models are
available with single
heat or 3-heat switches
. . . or full transformer
control. Also available
are digestion heater
timers and thermo-water
control for distillation.
Fume ejection by water
is optional, too, where
air ejection is difficult.

Here’s the ideal solution to
the problem of excessive
heat. Heat collects in
hood, is removed by hood
blower. Acid fumes are re-
moved by conventional
blower and ejector. Hoods
with glass sashes also are
available.

Get This Free Booklet Today — Photos and complete de-
scription all Labconco Kjeldahl apparatus. Write today.

LABORATORY CONSTRUCTION COMPANY

1109 Holmes

Kansas City, Missouri

WORLD’S LEADING MANUFACTURER OF KJELDAHL APPARATUS
For further information, circle number 39 A on Readers’ Service Card, page 77 A
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standard  methods—for  cxampe, for
the analysix of pure neutron-iraiated
urary | nitrate sclutions, cyelotron hom-
bardrent targets, and the Fke.

In vadiochomics separations. @ known
amount of iterial is asually
added =0 1 isotope. isuadlv pres-
ent n unweighably small aiounts. can
be manipulated. The recovery
not be quantitative, sinee the reselts can
be corrected for chemieal vield on the
basis of tl« v oof the e r. As
a result, ~upid, less quantitat v tech-
nique 1 be used.

need

Anal; 1 g‘a»:mh:l‘(N have  heer
worked out for radim-226, strentium-
90 iodine-131. col:alt-60. ard  other
materials.  Methods are currenily be-

ing developed for other =oto D
ticularly wmong the fission produ
Fartiost odvanesd are methods
zirconiun', niobium. cerivm., o
win.

Remore-Control Analysis. =ome of
the more delieate operations earried

for
vi-

out in nuclear analytical labo atories
cannct e performed w

h the “me-

le, Tn

chanical lls™ ngually @
other x te-control operations, thes
mechani ozl deviees can bhe v<d, but
vequire an  wordinate amoint of
matual "o t.  Accordivg to M. T
Koeloy avd DI, Fisher of O: k Ridge

«

Natiorul Laboratory, specialized gadg-
ots are often required as an aid to
chemieal analysis in hot labs.

One such piece of cquipment is a
servo-pipettor. a positive-displacement
piston device which is reported to be
more accurate and flexible than pre-
viously designed remote pipettors. The
new units have a total capacity of
either 1 ml. (mostly for measuring pri-
mary samples for chemical analysis)
or 0.1 ml. (mostly for use with the fall-
ing-drop deusimeter)

Thi= densimeter. another useful de-
vice. neasures the density of highly
radioserive samples by timing the rate
of fall of drops through a liquid of suit-
able density.  The rate of fall is deter-
mined by a pair of photocells—one
which starts 2 timer and the other
which stops it when the drop passes a
predetesmined point.  Density can be
meazured in this way with & precision of
fall tim s of ==0.3%.

Some commercial spectrophotometers
can be operated with master-slave ma-
nipulators, while others cannot without
many changes, Kelley and Fisher in-
dicate.  For this reason, Oak Ridge
scienti=ts have developed o special re-
motely operated instrument using an
incandescent light source, interferenee
filters, and a detector unit.

ACF D

column length and joint size
Stocked as follows:

F Distilling Column
824,40 .
107 24/40 .
12 24,/40 .
15" 24,40 .
18" 24,40 .
20" 24/40 .
24 29,42 .
30 29/42 .
362942 .

Check

Also in stock at our
MIDWESTERN D LION
Louisville, Ky.

Lot Gy Aot eollsy

NG COLUMNS

Hempel, with interchangeable joints and indenta-
tions for supporting packing. Length in inches re-
fers ta the length from the packing support to the
bottom of the cuter ground joint. Please specify

Ace Prices and Note the Econ%)gy
Check Ace Craftsmanship and See the Superio

639-41 SOUTH HANCOCK ST.
LOUISVILLE, KY.
Glassware Sgecialists to Inductry and Receanch
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The part of the instrument that must
be inside the cell is suitably compact.
Adjustments of meter sensitivity are
made outside the cell without the use
of manipulators. Although not as ac-
curate as a good standard spectropho-
tometer, it has a precision of = 39.
which iz adequate for most of the
laboratory’s control work.

The laboratory also uses numerous
small devices to facilitate operations
with mechanical manipulators. These
include special baskets =0 that beakers
and flasks can be handled with no
danger of spilling; Tucite blocks with
sized holes to =upport small
and flasks and permit them to
v positioned; and split aluminuim
blocks attached to stopeocks to make
them easier to turn by manipulators.

Metallography Lab. A hot labora-
tory installation for remote metallog-
raphy can be built satisfactorily by
modifving  commercially  available
equipment, reported Do 1. LaRoeque
and I, P. Crimi of GE’s Knolls Atomic
Power  Laboratory. GIFs  recently
installed setup required a minimum
of cquipment modification to permit
operation with master-slave manipula-
tors.

The internal working space of the cell
occupics an area of 4+ X 14 feet, divided
into three modules.  TUse is made of six
Argonne  master-slave  manipulators.
The equipment ineludes five polishers.
five polishing attachments, a mounting
liquid filter system. research
metallograph, table and shield for the
metallograph, Castle manipulator, and
a microhardness tester.  The approxi-
mate cost of the original equipment (not
inchuding the cell and manipulating as-
semblies) was about $24,700, while the
cost of the necessary maodifications was
about $7700.

With this installation, a metallog-
rapher can process a batch of five
specimens in about 8 hours. By use of
a “clean as we go”’ technique, the level
of activity left in the ccll after the
processi

press,

ssing of 35 specimens of highly
radioactive fuel ix 200 mrad per hour at
2 feet from the table top.

Analytical Symposium
at NYU

A one-day analytical symposium has
been scheduled for May 11 at New
York University. This is to be the first
of a series of annual symposia for the
New York area.

The program appears below:

Introduction. E. A. Wy~~E, Fisher
Scientific Co.

Three-Dimensional Representation of



Spectrophotometric Data. H. J
Rockefeller Institute.

Recent Applications of Infrared to
Chemical Analy C. Luni~sky, Per-
kin-Elmer Corp.

Optical Crysts
ceutical  Analysis,
Pfizer & Co., Ine

New  Developments  in Volumetric
Analy B. Nannay, College of the
City of New York.

Current. Trends  in Instrumentat

'S S. Z. Lewin. New York Uni-

versity

Recent Trends in the \]l])lll ation of
Ton  Exchange in Analy: H. P.
Grrcor,  Polytechnic Institute  of
Brooklyn.

Recent Trends in Thermo Analyvtical
Methods, S0 Gorpox, Pieatinny Ar-
\I'IIII].

Analytical Application of Solvent Iix-
traction. (. I Morrisox, Sylvuania
Flectrie Produets. Tue.

Current Trends in Coulometrie Analy-
six. Lo Murres, Polyvtechnie Institute
of Brooklyn (tentative).

Quantitative  Aspects of - Paper
Chromatography.  W. 1L MceMuvLees,
Chas. Pfizer & Co.. Ine.

Further details ure available from the
chairman of the ey tical group, Fdwin
Ao Wynne, Fisher Secientific Co., 1
Reagent Lane, FFair Lawn, N J.

API Schedules
Analytical Papers

Several papers of analytical interest
will be presented on May 13 as part ot
the program of the American Petroleum
Institute’s Division of Refining.  The
mecting will be held at the Sheraton
Hotel, Philadelphia.  Other sessions wil
be devoted to discussion of corrosion,
eleetrical  equipment.  fuels.  training
instrumentation, data logging, isomer
ization, reforming. air pollution. wnd
kerosine handline:

The papers dealing with analytical
research are:

Spectrophotometric . Determination  of
\ltllr Oxide or Nitrogen Dioxide in Nitric
Acid Plant Tail Gas,  Fraxcrs J. O'Hara
WD Orvinee N, Hixsvarg, Girdler Co.,
Louisville, Ky.

Determination of Traces of Water in
Hydrocarbons in the Gasoline Boiling
Range.  Sample Handling and Interfer-
WesT Lovirannp axp THoMas
TR, Sun Oil Co., Mareus Hook
Pa.,, axn CHarres 1. HaBLrzen axp
Gurorce W, Reeo, Sun Oil Co., Toledo,
Ohio.

Analysis of Biological  As
Petroleum-Bused  Insectic 1
Hareorp, . THorNTON, AND NG ae
Tacuart, British Petroleum Co., Ltd.,
Middlesex, Fngland, and Joux W. Hyog,
British Pctrolewm (n Ltd., New York,
N-Y

Polarographic Estimation of Thiophenes
and Aromatic Sulfides in Petroleum and
Its Practions. IMarry V. DRUSHEL AND
James I, Minuer, Mellon Institute of
Industrial Research, Pittsburgh, Pa.

sment of
A. D

even at high
temperature. ..

§ BOILING POINT

N

RESULTS YOU CAN TRUST
tame after time after time!

Beckman/GC-2
Gas Chromatograph

Only the Beckman,GC-2, incorporating superb control of
temperature. flow and volume, can give you this mirror-like
reproducibility. It turns out analyses you can trust — every
time — with never a need to double-check results.

e Reproducible sample introduction. Beckman Liquid Sam-
pler (illustrated) and precision Gas Sampling Valve insure
reproducibility of sample volume and accuracy of quanti
tative results.

® Reproducible retention times. Unique “‘proportional” tem-
perature control and “dual-capillary™ flow regulation com-
bine to standardize elution times, first requirement for
positive component identification.

e Reproducible peak configuration. Quick, positive action of
liquid sampler plus instant vaporization of sample by
heated inlet eliminates “‘rate of addition™ problems. Chro-
matograms with accurate, useful quantitative results are
assured.

The Beckman GC-1 (Model 178) low-temperature gas chromato-
graph, and its new, wide-temperature-range companion, the GC-2, are
available through your Beckman dealer. See him for a demonstration.
or write for Data File L-20-15.

GC-2 features include:
Conduction Heating for fast
response to temperature change
Proportional Temperature Control -
Holds entire column at precise
temperature setting.

Electronic Eve visually anticipates
temperature stability,
Dual-Capillary Flow Regulation
eliminates pressure surges.

Easy Column-Interchange
All-AC Operation

Beckman’

/ Scientific Instruments Divisi
2500 Fullerton Road, Fullerton, California
// a division of Beckman Instruments, Inc.
Responsible new positions in engineering, manufacturing, technical marketing. Write for Career File I0.
For further information, circle number 41 A on Readers’ Service Card. page 77 A
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W//ajf you 1eed
a mixer like this
for hazardous fluids

Never take chances when mixing or stir-
ring highly volatile or inflammable fluids.

The only safe electric mixer for mixing
benzene, ethyl ether, acetone, and similar
liquids is a mixer with an explosionproof
motor.

On the LigHTNIN Model XP shown
here, you get such a motor—Under-
writers approved for Class I, Group D and
for Class II, Groups E, F, and G service.

This 1/20-HP 1750-RPM LIGHTNIN
will rapidly mix 50 gallons of low-vis-
cosity fluids, and lesser volumes of high-
viscosity fluids. A counterpart of larger
production mixers, it can provide accu-
rate pilot-plant data for scale-up.

Motor shaft is suspended on sealed
ball bearings. A third ball bearing sup-
ports the tube holding the mixer shaft,
to insure smooth operation and protect
the motor. For 110-velt 60-cycle 1- phase.
Fully gnaranteed.

Order from your laboratory supply
house; or write us direct. Specify LIGHT-
NIN Model XP Mixer...........$130.00
Many other precision-built LiGHTNINs for
laboratory mixing. Electric or air driveo

units;singleorvariablespeeds;

gear or direct drive; acces-
sories. To get new illustrated
Bulletin B-112, just check the
reader service card now.

ﬂ e °
“Lightnin
Mixers...

MIXING EQUIPMENT Co., Inc.
160-e Mi. Read Blvd., Rochester 11, N.Y.

In Canada: Greey Mixing Equipment, Ltd.,
100 Miranda Ave., Toronto 10, Oni.
Circle No. 42 A on Readers’ Service Card, page 77 /i
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Eighth Annual Spectroscopy Symposium and Exhibit, American Asso-
ciation of Spectrogr aphers, Hotel LaSalle, ( hlmm» Il Contact:
lhwd(m H. Zink, H. Cohn & Sons, 4528 West Division St., Chicago

48th A_nnual Meetmg, Amencan Oil Chemists’ Somety 2oosevelt
Hotel, New Orles La. Contacl: Tucy R. l['\\l\lm Executive
!m(lnqn 0il Chemists’ Society, 35 .. Wacker Drive,

Society for Apphed Spectroscop), dinner meeting,
New York, N. Y. C. Sheer, Vitro Luborator
D.C. Are."”

Analytical Svmposmm, N g \ml\ Lm\n\xt\
page 10 AL

., Hotel New Yorker,
2, “High Intensity

New York, N. Y. See

DlVlSlOl‘l of Rehnmg, Amencan Petroleum Insntute, .\hemton Hotel

g Philadel 1)1111 Pa. Twelve Analytical Research Papers. \eoy)age«ilA

qu : 12th Purdue Industrial Waste Conferen('e, Purdue [111\'(1~m Lafay-
E ette, Ind.  Fifty Papers on Industrial Was nd Their Treatment.

131015 - Contact: Don . Bloodgood, Purdue University, stte, Ind.

Symposium on Recent Developments in Research Methods in Instru-
mentation and 7th Annual Research Equipment Exhibit, National
Institutes of Health, Bethesda, Nd. Confaci: Public Relations
Office, National Institutes of Health, Bethesda 14, Md.

S5th Meeting on Mass Spectrometry, ASTM Committee E- 14, Commo-
dore Hotel, New York,
cal Interest.
ul Mines,

.\ Y. Svmpos1a of Theoretxcal and Analyti-
S

\ Frie dexl or . Sharl

Conlact:
1800 Forbes S

on Molecular étructure and Spectroscopy, The Ohio Qtate
( nlum]uh Ohio. Contact: Harald H. Nielson, Ohio
sity, Columbus, Ohio.  See e 44A.

10th Summer Symposxum, ACS Anal)tlcal Chemlstrv va1sxon and
Avaryrican Cueaastry, Purdue University, Lafayvette, Ind.  Ref.
April Part T, page 21A

Congress on Modern Analvtlcal Chemlstry in Industry, \T Andrew’s
University, Scotland.

jul} 10 to 17 Ath General Asse Assemblv and Intematlonal Congress,
International Union of Crystallography, McGill University,
Montreal, Canada.
July 16 to 25— XIXth Conference and XVI Congress, Interna-
tional Union of Pure and Applied Chemistry, Paris, France.
Aug. 7 to 9 Sixth Annual Conference on Industrial Applications of X-Ray Analysis,
Denver Research Institute, University of Denver.

Aug. 20 to 22 - Conference on Liquid Scintillation Counting, N\
Evanston, 1.

Aug. 26 to 30—Eighth Annual Infrared Spectroscopy Imstitute, Fisk University,
ville, Tenn.

Aug. 28 to 30- -International Symposium_on Gas Chromatography, Instrument Society
of America, Michigan State University, 1lust L m~mn' Mich.

Sept. 8 to 13- “132nd National Meeting, ACS, New York, N. Y.

Sept. 11 to 13— Fourth Ottawa Symposium on Apphed Spectroscopy, (‘anadian Association
for Applied Spectroscopy, Victoria Museum, Ottaws.

Oct. 14 to 16 — Assocxatxon of Official Agricultural Chemists, Annual Meeting, Shoreham
Iotel, Washington, D.

Nov. 2 to 10- Intematlonal Congress and Exhibition of Measuring Instruments and Auto-
mation, Nordwestdeutsche Ausstellungs-Gesellschaft m. b. H., Dusseldorf, Germany.

Coming Events

orthwestern University,

Nash-

NEWS (Continued)

Rapid  Chromatographic Ana of Shell Development Co., Emeryville, Calif.
Soap-Thickened — Lubricating G s, Wet-Ash Spectrochemical Method for
George W. Powers, Jr., aND FRANK J. Determination of Trace Metals in Petro-

0il - Co. leum Fractions. Jom~x Haxsen anp C. R.

Honexins, Esso Research and Engineer-

Prer Standard
Whiting, Ind.

(Indiana),

Sequential Probability Ratio Tes
S :11i=ti<~:1l Procedure in Ana
AxtHONY F.
By VALLEE, Harvard Medical
School Jnd l’cm Bent Brigham Hospital,
Boston, Mass,

\umq\wonc Titration of Zine. A

Rapid Method for Zinc in Lub i
(111~ T. L. MareLe, G, Mams IA,
axp L. W. Burperr, Union Oil Co. of
California, Brea, Calif.

Determination of Five- to Seven-Carbon
Saturates by Gas Chromatography. F.T.
LGGERTSEN AND SIGURD GROE

BARTHOLOMAY

ing Co., Linden, N.J.

Determination of Trace Quantities of
rbons in the Atmosphere. E. R.
» W. F. BiLLER, Esso Research
and Engineering Co., Lmdun N.J.

Inﬂuvnu of Olefin Structure on Bro-

mine Number by Various Analytical
Methods. E. H. UnGER, Socony Mobil

0il Co., Inc., Paulsboro, N.J.
Determination of Oil in Refinery Ef-
fluent Waters (Report of API Subcom-
mittee on Refinery Effiuent Water Ana-
lytical Methods). J. B. RATHER, Jr.,
Socony Mobil Oil Co., Brooklyn, N.Y



Rapid, Quantitative
separation of metals by

DYNA-CATH mercury cathode

This modern apparatus makes mercury
cathode a practical analytical tool. Dyna-
Cath does a fast, complete job in separation
of metals. A novel magnetic circuit causes
the electrolyte and mercury to move in
opposite directions, providing counter-cur-
rent stirring. The ferromagnetic metals
formed at the interface are drawn beneath
the mercury surface, providing a continu-
ously clean surface and preventing re-
solution of deposited metals.

Ask for Bulletin 220-D.

CERIUM in STAINLESS STEEL

Our Working Manual describes IERTIFIC
rapid method. Ask for a copy. HNSTRUIM .
‘QUUQOA‘IQ\_ CUHPUHATIUN

ANN ABBOR, MICH.  tsmsusws 1ees

For further information, circie number 43 A-1 on Readers’ Service Card, page 77 A

For the RANGE
0.2-35

@/2 % éz( MICRC?NS

e Can be used for the ultraviolet, visible and infrared

. regions simply by interchange of prisms, cams and
A scales.
: e The optical system comprises a Double Mono-

chromator, thereby reducing scattered radiations.

s P E CT R o M ET E R e Highest spectral Iiurity. isolation.of narrow wave-

length bands and highest resolution are inherent

b MONOCH ROMATOR characteristics which assure optimum performance.

o Can be supplied for manual or automatic operation.

Bulletin No. 806 Sent Upon Request.

i . . L uy B&rs Reseor:h'D@ve:opo::ﬂ ::::::i::‘(c:nz“ :
FARRAND OPTICAL CO,, Inc evsspmant* [FOC ] triramieand

BRONX BLVD. & EAST 238th STREET + NEW YORK 70, N.V. Design
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A low=-cost "laboratory”’
for hazardous or
high purity materials

For projects requiring controlled, un-
contaminated atmosphere, the port-
able Kewaunec CBR system is ideal.

It operates with a slight positive
pressure of any sclected cnviron-
mental atmosphere and can be used
singly or connected with other units
to form a series of totally enclosed
laboratories.

The Kewaunee Controlled Atmos-
phere Glove Box is equipped with an
all-welded interchange compartment
which serves as an introductory air
lock.

The basic CBR unit is made of
volume-produced, stanless steel parts
and sc is remarkably low in cost.
And you can order many accessories
to adapt it to your particular needs.

'}r/-;’v/ }

o W . WRITE FOR
\ g e DETAILED
v CATALOG.

e

KEWAUNEE MFG. CO.
5090 S. Center St., Adrian, Mich.
REPRESENTATIVES IN PRINCIPAL CITIES
Circle No. 44 A on Readers’ Service Card, page 77 A
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ASTM Meeting on
Mass Spectrometry

The fifth annual meeting of ASTM
Committee I:-14 on Mass Spectrometry
will tuke place at the Commodore Hotel
in New York City, Mav 20 to 24. The
meeting will have an international as-
pect, with 61 papers scheduled to be pre-
sented by authors from seven countries.
According to the program, subjects
covered will include high molecular
weight analysis, solids analysis, ioniza-
tion potentials, isotopic abundance de-
terminations, as well as new mass
spectrometer techniques and develop-
ments.

A symposium on negative ions will be
held on May 22 as part of the meeting;
papers will discuss negative ion forma-
tion in molecular gases, hydrogen and
oxvgen, and some halogenated gases,
among other topies.

Half-day discussion sessions for Sub-
committee 5 on New Instruments and
Techniques and for Subcommittee 7 on
Solids have also been scheduled.

Special daytime activities, beginning
with a coffee assembly on Monday
morning, have been planned for the
ladies.

Those interested may obtain further
details of the program from R. A.
Triedel, U. 8. Bureau of Mines, 4800
TForbes St., Pittsburgh 13, Pa.

Molecular Structure—
Spectroscopy Symposium
The Annual Symposium on Molecu-
lar Structure and Spectroscopy will
be held at Ohio State University.
June 10 to 14.
Subjects covered are: infrared instru-

mentation and applications; infrared
speetra of molecules; molecular dy-
namics; intensities; and electronic

band spectra.

The dinner, to be held on Wednesday
evening, June 12, will feature Dudley
Williams, Ohio State University.

There is no registration fee. Rooms
for male registrants are available at
Baker Hall, during the period June 10
to 14 only. Accommodations are avail-
able for a limited number of women
guests on campus.

Further details are available from
Harald H. Nielsen, The Ohio State
University, Columbus 10, Ohio.

The program to date appears below:

Monday Morning, June 10

Infrared Instrumentation and
Applications

Commercial Infrared Instrumentation.
Vax  Zaxpr Wrinniams, Perkin-Elmer
Corp., Norwalk, Conn.

Instrumentation for High Resolution.
E. K. PLyrer, Nationa’ ~eau of Stand-
ards, Washington 25,

Military Instrumentation. Lioyp G.
Muxpie, Willow Run Laboratories, Ypsi-
lanti, Mich.

Tuesday Morning, June 11
Infrared Spectra of Molecules

Infrared Spectroscopy in the Field of
Bacteriology. H. M. Raxparn, Univer-
sity of Michigan, Ann Arbor, Mich., AND
Doxatp W. Smrrh, University of Wiscon-
sin, Madison, Wis.

Spectroscopy of Moleeules in the In-
frared. 1. Narawmart Rao, Ohio State
University, Columbus, Ohio, AND EDWARD
D. Pawig, University of Michigan, Ann
Arbor, Mich.

Structure of Some Inorganic Hydrides.
M. Kext Winsox, Tufts University,
Medford 55, Mass.

Wednesday Morning, June 12
Molecular Dynamics

Iuteraction of Rotational and Vibra-
tional Motion in Polyatomic Molecules.
C. F. Currisg, University of Wisconsin,
Madison, Wis.

Review of Work in Internal Rotation.
D. G. Burkrarp, University of Colorado,
Boulder, Colo.

Theory of the Overtone and Combina-
tion Bands of the Methane Molecule.
Karr T. Hecut, University of Michigan,
Ann Arbor, Mich.

Thursday Morning, June 13
Intensities

Some Problems in the Measurement and
Interpretation of Infrared Intensities.
Joux Overexp, University of Minnesota,
Minncapolis, Minn.

Infrared Intensities. Perturbations
and Interactions. Davip F. EGGERs, JR.,
University of Washington, Seattle, Wash.

Friday Morning, June 14
Electronic Band Spectra

Recent Theoretical Studies of Bond
Properties. C. A. Courson, Oxford Uni-
versity, Oxford, England.

Electron Spin Resonance Studies of
Unstable Free Radicals. Davip J. E.
IxnGraM, University of Southampton,
Ingland.

Interaction of Two Excited Hydrogen
Atoms in Either 2-S or 2-P States.
Bruxo LinpEr aNp Josepr HIRscH-
FELDER, University of Wisconsin, Madi-
son, Wis.

X-Ray Diffraction Course

The 27th x-ray diffraction school for
research and industrial workers will be
held at Morrison Hotel, Chicago, June
3 to 7. Sponsor is Philips Electronics,
Inc.

The course will involve both class
and laboratory work, with prominent
speakers discussing x-ray diffraction,
diffractometry, and spectrography. Also
included are discussions on new high
and low camera techniques, electron
microscopy, and electron diffraction.

While there is no registration fee,
registration is limited. Details are
available from Instruments Division,
Philips Electronics, Inc., 750 South
Fulton Ave.. Mt. Vernon, N.Y.



PHOTOVOLT Electronic pH METERS
il |

A complete line of pH meters incorporafing modern electronic tubes and circuits,
simple in operation and maintenance, featuring sealed amplifier plug-in units.

Line-Operated Model 115

e Single range 0-14, scale length 47, accuracy 0.05 pH unit.
e Fully stebilized for wide range of line voltage fluctuations.
e Unprecedented in compactness and low price of only

Write for Bulletin 7225 $130.—
Line-Operated Model 110

® Single range 0-14, scale length 7', accuracy 0.02 pH unit.
e Available also with shielded compartment, with base board and
carrying hood, with bottles and beakers, additional price $60.—.

Write for Bulletin 105 $200.—
Battery-Operated Model 125

® Single range 0-14, scale length 5%, dccuracy 0.03 pH wnit.

© Only 3 batteries, stondard radio type. 2,000 hours of service.

e Carrying frame for instrument, beakers, and bottles, price $20.—.

® Stobilized power supply unit ovailable for alternative operation
from 110 voit AC line, price 348.—.

Write for Bulletin #118 $160.—
Battery-Operated Model 125-B for Blood pH

¢ Scale length 233", expanded five-fold for blood pH tests.
® Accuracy 0.01 in pH 6-8 range, 0.05 in pH 2-12 range.

Write for Bulletin /122 $179.—

See also Bulletin =138 on pH Meter Tester Mod. 25 for checking the performance

of pH meters wnhoux electrodes or buffers, applicable to pH meters of any make.

P H o T O VOLT Sulokoh Semudn b lot

For further mlurmatmn cireiz n rruev 45! 1 on Readers’ Service Card, page 77 A

| PHOTOVOLT Line-Operated
‘ Multupher FLUORESCENCE METER
Mod. 540

for Partition Chromatography
and Paper Electrophoresis

High-sensitivity for measurement of low concentrations (full-
scale for 0.001 microgram quinine sulphate)

® Micro-fluorimetry with liquid volumes as low as 1 ml

¢ Low blank readings, strict linearity of response

9 Universally applicable due to great variety of available filters,

sample holders, and other accessories

® [nterference filters for high specificity and for determining
spectral distribution of the fluorescence

A photoelectric precision instrument for the rapid
and convenient evaluation of strips and sheets
of filter paper in partition chromatography and
paper electrophoresis.

b : Write for Bulletin %800 to if]

i High-sensitivity nephelometry for minute turbidities
i P H O T O V O L T C O R P 2 ® Fluorescence evaluation of powders, pastes, and solids, also
; e in spot-tests on filter paper without elution
| 95 Madison Avenue New York 16, N. Y. Write for Bulletin +392 to
i Also . |
; Colorimeters pH meters Electronic Photometers | PHOTOVO LT CORP
i Fluprimeters Reflection Meters | Multiplier Photometers -
& N, Gl s H1? = “
[ phelometers inserfarencoifilters 95 Madison Ave. New York 15, N. Y.
=
Circle No. 45 A-2 on Readers’ Service Card, page 77 A Circle No. 45 A-3 on Readers’ Service Card, page 77 A

VOL. 29, NO. 5, MAY 1957 e 45 A



Paper electrophoresis
takes 2 important steps

L

MEYY PROCEDURE

sever

3

ution of

nponents

y
ANALYTROL

Aralytro

meter.

anclyses as serum protel

oinces developments wiich make the Model R

Laper Electrophoresis System more useful than ever for such

. Lipoproteins, glycoproteins, amino

-ids, curbohydrates, hemoglobins, proteins in spina! fluid,
; Y il 1 1 d

i other body fluids, enzymes, extracts,

and @ number of other inorganie and organic mixtizres.

can bring existing Model R
Systems up-to-date by
converting earlier-meodel
Analytrols and taking advan-
of the new procedure.

of the new serum protein

method and for more informa-
tion on the new Spinco Model R
aper Electrophoresis System

te to Spinco Division,
man Instruments, Inc..
Stanford Industrial Park,
Palo Alto, California,

for Data File R7.

/ Spinco Division




the
ANALYST'S
column

L.T.Hallett, Editor

‘ork of the National Burcau of

Standards in preparing standard
samples and calibrating instruments
for use by government and non-
governmernt organizations and in-
dividuals, is of direct concern to
every analytical chemist. In the
past, NBX cfforts in this area have
been somewhat hampered by lack
of funds, since fees received had to
be turned in to the U.S. Treasury
and could not be used to support
or improve calibration and testing
services.

Recently, several changes have
taken place which should aid NBS
in rendering these valuable services.
Many of the changes have been
made possible by new legislation.
Strong support for these changes
came from advisory committees
to the Bureau, such as those of
the AMERICAN CHEMICAL SOCIETY,
American Society for Testing Ma-
terials, and Standards
Association.

One ol the principal changes was
the creation of a revolving fund for
calibration and testing
FFees received for such work can now
be used to support it. A develop-
ment of long-range significance is
the plan to relocate NBS about 20
miles from Washington. The new
site will be equipped with
buildings and other facilities to
meet the Bureau's needs for more
space and modern facilities.

In the “standards” area, NBS
feels that it can render the greatest
service by developing standards and
methods of calibration and test.
Conversely, NBS would like to de-
crease certain types of routine or
repetitive testing that other lab-
oratories are cquipped to under-
take.

In connection with its programs,
it is important to note that NBS
carries out many projects in col-

American

services.

new

Welch GENERAL PURPOSE
ELECTRIC STIRRER

S.

Watt-Type Governor
Stabilizes Speed

® Uniform Power Output
Eliminates Rheostats, Gears, or
Friction-Drive Discs

® Thrust Ball Bearings Insure Long life,
Continuous Running

No. 5230

5230. ELECTRIC STIRRER, Sparkless.
Complete with 6-foot connecting cord, line
switeh, and plug. Tor operation on 30 or
60 eyeles, 115 volts A.C. Each $47.50

5230A. ELECTRIC STIRRER, Sparkless,
for 230 Volts A.C. Consists of No. 5230
Stirrer equipped with a step-down tran
former to permit operation on 230 volts 50
or 60 cycles A.C. Each $59.75

W. M. WELCH SCIENTIFIC COMPANY

DIVISION OF W. M. WELCH MANUFACTURING COMPANY
ESTABLISHED 1880———
1515 SEDGWICK STREET, DEPT. A-1, CHICAGO 10, ILLINOIS, US.A,
Manufacturers of Scientific Instruments and Laboratory Apparatus

Closely controlled heating

Precision processing of your work is assured with a high-quality Temco

Hot Plate. For example, model 2000, shown below, gives you completely
variable regulation of temperature from 60° C to 455° C (140°

to 850° F). Built-in controls automatically hold temperatures to extremely
close limits regardless of fluctuation in line voltage! Just one

of the many advanced features that mean better heating when you use Temco.

Temco Hot Plates ere scientifically
designed throughout to meet
functional requirements. Your
choice of five models . . .

all in stainless steel cases,
scientifically ventilated . . .

sizes range from 6” square to
12”7 x 24”.  $19.75 to $92.50.

PLATES

Werite for complete data and name of nearest dealer

THERMO ELECTRIC MANUFACTURING CO.

478 HUFF ST., DUBUQUE, IOWA

For further information, circle number 47 A on Readers’ Service Card, page 77 A
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P-E Analytical News

® Two new high resolution instruments
@ Spectrophotometry for patent protection
® Fuel gas analysis — fast and accurate
FORE PRISM-GRATING 5 em proessure held the sample. The grat-
SPECTROMETERS ing menochromator slits were 215u w idc

running time was onc hour. 0.6 cm™
instruments for spectrose resolution was obtained.

ck demands very aizh re This improved resolution makes appli-
1 scatiered dion 10 research problems obvious.
er Meodels .JCr \.i

ca
Errors due to finite slit width and scat-
tered light are reduced. Wavelength range
om 2.2 to {7u can be covered with a
¢ fore prism and a single grating.
Wavelength range can be extended from
the ultraviolet to the far infrared by sit
Ns. gratings. sources

ng suitable pri

letectors.

INFRARED SPEEDS PATENT
APPLICATION

A paper by patent examiners Donald
| Levy and Lucile Burd Wendt in the Jour-
FOSE-PRISM : na! of the Patent Office Socicty (Veol

XXXVil, No. i2) points out the value of

The optical layvout for the Model 12G red spectrz in speeding patent prose-
spectromater is shown above. Twe repre- cution.
sentative spectra obtained v the doubie Although the paper deals specifically

pass inst-ument are shown re ow.

patent applications on antibiotics. the
information und suggestions are of general
inrerest in patent problems on all types of
chemical compounds. Levy and Wendt
point out that in many of today’s complex
molecules complete structiral analysis that
has heretofore been necessary in patent
applications can often be replaced by good
infrared spectra. The patent office has ac-

cepted the fact that the infrared spectrum
a~!' most organic compounds is nearly as
characteristic as the structural diagram.
The patent office recognizes that complete

This 2.04 Wiler vapor specirum was siructural unalysis of a new compound
obtainec with & 73 1/mm griting used in may tuke months or even years to accom-
the fifth order. The grating menochroma- plish. It has thercfore shown a willingness
tor +lits were 80u wide and running time to issue patents based on infrared spectral
50 mnutes. The resolvzd ba at characteristics pending the complete dis-
3841 c¢m * are sepurated by 1.0 ¢ closure of the structure of the material in
giestion.

The authors indicate the type of spec-
wral information that is required and point
out some of the pitfalls which must be
avoided in presenting infrared spectra.
They also indicate that other material
such us Raman. X-ray, and ultraviolet
spectra should be used where possible to
supplement the infrared data.

INSTRUMENT

tainec with 2 75 1/mm gratinz us
the first orcer. A cell 10 cm fonz §

PRECISION CAN BE INEXPENSIVE
Until recently the chemist with fuel gases
10 analyze was faced with a dilemma. He
either had to spend a lot of cash for «
sensitive piece of equipment which would
give accurate separation and analysis of
all components. or he had to be satisfied
with an inexpensive. insensitive apparatus
which would give results on only a few
components. There was no in-between.

Now the problem has been licked — by
o low-cost. precise vet simple instrument
shich operates on the principles of gas
chromatography. The P-E Model 134-B
Vapor Fractometer completely separates
and analyzes fuel gas components — from
hvdrogen through the pentanes — in less
than one hour. Even isomers and close
coilers. difficult or impossibie to scparate
by other means, vield to this new tool.

Calculations are a breeze. The ability
to reproduce gas sample sizes precisely
make it unnecessary to compute band
arcas in quantitative determinations. Sim-
ple comparison of peak height measure-
ments with those of calibration mixtures
vields quantitative analyses of extreme
aceuracy.

At the American Gas Association’s
Chemical Engineering and Manufactured
CGas Production Conference in Philadel-
phia last fall. P-E's Vincent J. Coates pre-
sented @ paper on fuel gas analysis by
Vapor Fractometry. Reprints are avail-
able from P-E.

{

(IMustration from V. J. Coates’ paper
shows fractogram of major components
in coke oven gis.)

P-E engineers feel that within the next
five years this inexperience and powerful
nzw method will completely dominate the
fisld in analyzing for fuel gases. Any
questions? Just give us a call!

DiIiVISION

Perkin-Elmer e

NORWALK, COMNMNECTICUT

‘We'll be giad to send you more information on any of these items. Or to put you on the mailing list for INSTRUMENT NEWS,
a quarterly published ty P-E fo further research, material analysis and production through eleciro-opfical instrumentation.
For further information, circle numbers 42 A-1, 48 A-2, 48 A-3 on Readers’ Service Card, page 77 A
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ANALYST'S COLUMN

laboration with private and public
test groups or associations. An
example of this is the Cement Ref-
erence Laboratory, now in its 28th
vear. This is a joint project of the
NBS, Burcau of Public Roads.
ASTM, and the U. S, Army Corps
of Engincers. Its objective is to
promote uniformity and improve-
ment of cement test methods.

Such joint projects can be in-
itiated at the request of any in-
terested public or private group.

The bureau’s backlog of calibra-
tion and testing is still substantial.
Time required to complete proj-
ects varies considerably, depend-
ing on the item.

At a recent meeting with NBS
officials, the ASTM and ASA ad-
visory groups recommended that,
since testing and ealibration work
are now on a self-supporting basis,
NBS should provide sufficient fa-
cilities and  personnel to render
prompt service even though such
a procedure might require increased
fees. Sixty to 90 days, the com-
mittee feels, should suffice for all
except special tests.

Another recommendation is that
NBS should develop versatility in
its personnel, so that they can ad-
just to shifts in the work load.

The committee also feels that
industry and NBS should “loan”
personnel to each other for tours of
duty, so that each can become fa-
miliar with the other’s needs.  Such
a step would also provide an effec-
tive means for interchange of infor-
mation.

The advisory group feels that re-
search should be conducted to im-
prove tests and calibration methods,
but that such programs should be
kept in balance with practical ob-
jectives.

Experience has indicated that
there is no substitution for certi-
fication by NBS, which has es-
tablished its integrity and prestige
over many years. It is to be hoped,
therefore, that the new setup will
permit NBS to render services
more promptly and effectively than
it has been able to do in the past.

the P-E MODEL 21
extends its enormous
versatility through

ACCESSORIES
FOR INFRARED ANALYSIS

You can tackle any problem in IR analysis with the stand-
ard instrument in the field—the Model 21 double beam
recording infrared spectrophotometer. The reason: every
accessory is readily available and easily installed.
COMPLETE RANGE: 6 different prism materials provide
maximum resolution and range. Gas cells run from 5 cm
to 10 meters in path length. There are both macro and
micro. high and low pressure liquid cells, and variable
path length cells. You can obtain polarizers, heatable
cells. reflectance attachments, auxiliary source assemblies
for vertical sampling (special order), a KBr pellet die,
and much more.

EASY INSTALLATION: The Model 21 is designed to ac-
commodate all these accessories without modifying or
dismantling the instrument. Every accessory is designed
with the instrument in mind—with an eye to compact-
ness and accessibility.

FAST DELIVERY: Most accessories can be obtained from
stock.

CONTINUAL DEVELOPMENT: P-E engineers are always
adding to the list of available accessories as new problems
arise or as new techniques are discovered.

Write for complete data and specifications
on the Model 21 and accessories

INSTRUMENT DIVISION

Perkin-Elmer Gyran_

NORWALK, CONNECTICUT
For further information, circle number 49 A on Readers’ Service Card, page 77 A
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New lllustrated 16-Page Booklet

“COLUMN PARTITION CHROMATOGRAPHY™

Available from your

Merck Laboratory Chemical

PN

Distributor

Practical data on this new analytical
technique. Subjects discussed include:

partition chromatography

Craig counter-current distribution and
partition chromatographic columns

practical considerations of column
partition chromatography

selection of solvent pairs
selection of holding solid
selection of the column
packing the column
applying a sample to the column
\ reverse phase partition chromatography
bibliography

FOR YOUR FREE COPY —see your Merck
Laboratory Chemical Distributor.

MERCK LABORATORY CHEMICALS

Precision Lools for MERCK & CO. InNc.

Chemical Division

dccurate Analysis
- RAHWAY, NEW JERSEY

©Merck & Co, Inc.
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ABORATORY

Instrumentation —
Key to
Basic Research

Nv\\' techn ues ahid instrinentation
are an integral paot of Unilever's basic
research progran at Viaardingen, Hol-
Jand, site of 1= new faeility.

Work  here, which s centered on
cdible futs and oilz, will supplement and
complenient that being carried out at the
company’s  other  pesearch facilities,
At Port Suniizht, Fngland, for example,
work i= done on soaps and deter
at Colworth House near Caimbric
Ingland, research = done on low-fat
foodstutf=; «t Pears Factory in London,
toilet preparations: at FEdgewater, near
New York, prodicts for the American
market.

The Vieavdingen rescarch center re-
pliced the hmited facilities ot Zwijn-
drecht, Holland.  The new laboratory
adjoins a Uniever plant. Construction
was started in April 14 When it was
oceupied two vears later. @ new wing
wis added  to provide  facilities for
synthetic detergent and microbiological
research.  THe expanded Tahoratory wis
officially opened Tast November,

Unilever  has developed cmpirical
teelmigues Tor refining oils, converting
oils to fat<. and preparing margarine
from skim nilk and fat. - Only through
fundamental rescareh does Unilever feel
that it can make further substantial
Progress,

Typical «weas to be explored are syvn-
thetic organic materials; physical chiem-
istry ol structures o oil-water inter-
faces; plastic. elastic, and rheologiceal
propertics  of argarine  and o fats:
catalvsis: and  ceatalysts  involved in
conversion of ol to fats hy hyvdrogena-
tion; and phvsiologieal and biological
effects of fats onmen and animals.

Among the techniques and instru-
ments being used  are  infrared  and
ultraviolet  spectrophotometers,  chro-
matographs, end cadiochemicals.

The new three-story and basement
research center, with its still newer
wing, occupies 7460 =q. meters.  In
addition to laboratories, the building
includes oflices, library, conference room,
heating and air conditioning facilities,
auditoriun, canteen, supply room, glass-
blowing facilities, an 1 workshops.  Pilot
plant facilities are al=o included.

ents)

3
3.

7.

E MONTH

The three-story research building, adjacent to o Unilever plant, is fully equipped
to do basic and applied research on edible fats and oils

The general laberatories are well equipped and well lighted

VOL. 29, NO. 5, MAY 1957 e 51 A



" Gas chromatography is
_:‘i one technique widely used
in basic studies

<

s i

iy
]

The newest in instrumentation, such as the infrared spectro- A countercurrent liquid-liquid extractor unit plays an
photometer, is used to lzarn more about fats and oils important role in Unilever's research program

X-ray diffraction is one of the modern analytical tech- Radioactive chemicals are synthesized to yield research
niques used in the bas'c research program tools needed in Unilever's program
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LABORATORY OF THE MONTH

NEW

DOUBLE
DUTY
INSTRUMENT

it o

| g
it

Hot Plate—
—Magnetic Stirrer

New low cost plus
advanced design features

Now you can beat and stir simul-
raneously with WACO AGITHERM.
Heavy-duty individual controls allow
use of either stirrer or hot vlate in-
dependently when desired

500 watt hot plate can be sst
hostatically at any temperature
to 600 F. Pilot light indicates
hen heat is on. The perforated
stainless steel case assures cool
opsration of motor. Ccmpact de-
sign, 6 . diameter by 5" high.

No. 845C0 Agitherm Stirrer Hot P1

lete glass and

oyn cov stirring bars Y. x
1 for 115 volt, 60 cycle, A.C
$67.50
ORDER NOW!

LABORATORY SUPPLIES AND EQUIPMENT
WILKENS-ANDERSON (O.

4525 W. DIVISION ST, CHICAGO 51, ILL

Circle No. 53 A on Readers’ Service Card, page 77 A

o

Precautions are taken to avoid contamination in using radioactive materials |
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FESHER

TITRIMETERS®

give you the exact instrument for
all electrometric titrations

STANDARD TITRIMETER®

Here is the basic analytical instrument for every kind
of potentiometr! tion, designed so that techni-
cians, with minirium training, can perform routine
titrations quickly and with maximum accuracy.

AUTOMATIC TITRIMETER®

The Fisher Automatic Tifrimeter doubles the speed
of potentiometric titrations. It carries out the entire
titration automatically, stops at the end-point, then
waits for the operator to record the data and start a
new titration.

HIGH-FREQUENCY TITRIMETER®

The Fisher High-Frequency Titrimeter is an easy-to-
use m\tmmem which detects the slightest changes in
conduct y citance as a titration proceeds
and reveals lh( abrupt change at the end point.

AMPEROMETRIC TITRIMETER®

A special assembly converts the Tisher Elecdropode®
into an Amperometric Titrimeter for titrations in
very dilute solations. 2}

In today’s industry with its high standards of control for raw mate-
rials and end products, chemists recognize the limitations of “wet”
ro-electrodes follow the chemical methods of determination. That is why modern labora-

?‘:é‘lg_e“ii"‘h"lig—-:")‘“ufr“"e“ as a specific or unknown tories have turned to electrometric titration as the fastest, most
eacts w e ti-rant, 4 5 s

exact, most convenient method for routine chemical control.
COULOMATIC TITRIMETER® Leader in sensitive analytical instruments is the Fisher family of
The Fisher Covlomatic Titrimeter generates its own Titrimeters®. . . for with these instruments quality control has been
;‘:rgiﬂs then HJIOImaI v and tqlm \1“ carries lom reduced to near-automatic routine. For analyses of all types in all
itrations, even of mie uantities versati ity - . . . . - .
makes possib: es of ,mnz,’ mf,,p(,u,,d’s industries there are Fisher Titrimeters to do the job efficiently,
for which there are no other adequate, rapid methods. simply and with minimum effort.

Fisher Titrimeters have established themselves as key instruments
8-37 wherever titrations of any kind are made. They handle with ease
and speed strong acids and bases, weak acids and bases, oxidation-
reduction reactions, precipitations, big samples or minute ones.

these two bulletins
will help select the
FISHER Titrimeter
for your exact needs.

titeiagraas

FISHER \i

FISHER SCIENTIFIC

America's Largest Manufacturer-Distributor of Laboratory Applionces & Reagent Chemicals

WRITE: 100 FISHER BLDG.
PITTSBURGH 19, PA.

Boston Buffaly Chicago Charleston, W. Va.
Cleveland Detroit New York Philadelphia
Pittsburgh St. Louis Washington Montreal ¢ Toronto

For further information, circle number 54 A on Readers’ Service Card, page 77 A
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INSTRUM

by Ralph H.
Moller
Recording differential refractometers used
for process control and research
N ik August 1954 column we had the thusiusmn and  respect. Having  de- and isolation of the  desired  wave

opportunity to describe the Sinclair- signed and built an instrument of this length.  The monochromatic light after

Phoenix forward-seattering smoke pho-
tometer Onee through the
courtesy of Edward J. Fohrmeister
president  of  the  Phoen Precision
[nstrument Co., 3803-05 North Fifth
St.. Philadelphia 40, Pa., we are priv-
ileged to deseribe another series of im-
portant optical instruments—the dif-
ferential refractometers,

The precise measurement of refrac-
tive index. as well as its wave lengtl
dependence  (dispersion). has been a
commonplace for more than a century.
This quantity has been a precise means
of identification and has playved an im-
portant role in the clucidation of mo-
lecular structure.  Many clegant  in-
struments have been designed for this
purpese, indeed, a first class refrac-
tometer is an example of the best in
optical instruments.

It is characteristic of modern instru-
nmentation that whereas little improve-
ment can be made in an alimost perfect
classical instrument, o new approach
can open up vast and unexplored pos-
sibilities.  The automatic recording of
refractive index, or changes thercof, is
one of these.  Refractivity has been
one of the last of the elassical optical
techniques to be recorded.  The carlier
methaods toward this end measured re-
fraction by the obvious means of fol-
lowing the angular deviation in a
hollow  prism containing  the liquid.
Many forms of this principle are emi-
nently practical and are widely used in
process control.  More than ten vears
ago Clacsson in Sweden developed and
refined the differential scheme, in which
a standard  and unknown  liquid are
compared in an essentially rectangular
compartment  divided by a diagonal
window. A lateral  displacement  of
the light heam oceurs as a result of any
difference in the respeetive refractive
indices,  This principle is employed
in the Phoenix refractometers.  We
can write about this with mixed en-

moie,

kind some years ago, we have healthy

passing through slit S is collimated by

a lens systeni. [, and enters the differ-
ential cell which i divided into two
compartments: one for solution, and
the other for solvent. At the cell
partition, the light bean suffers devia-
tion corresponding  to the difference
between  the refractive index of the
solvent (usuclly not flowing) and the
solution which is flowing continuously
through the cther compartment.

After eollimating the heam through

respect for the development of a rugged
and reliable instrument,

Operation of Refractometers

Figure 1 is a schematic of the Phoe-
nix refractometer.  Light {from source
I/ is rendered monochromatic through
@ serics of narrow-band pass filters
labeled MF. which are mounted in an
indexing turret allowing rapid selection

PRISM
BALANCE
AMPLIFIER SOWER
SUPPLY
MANUAL
OPTICAL. ZERO
PRISM ADIUS SOLVENT
BALANCE < ™z '
MOTOR =~ DIFFERENTIAL
S CELL
3
SOLUTION WMaN 5
P @r‘u@
ouT S
..
DIAL AND INDICATOR RECORDER MF

Figure 1. Schematic of Phoenix refractometer

Automatic recording differential refractometer

Figure 2.
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instrument‘k
‘/Z% / abstracts

Applied Physics Corporation Puasadena California

Extension of Spectrophotometer Range
to 1860A Opens New Reglon for Analysis

The extended ‘lltmnolet wave-
length ran of the Cary Model 14
Recording Spec uuphotometm has
opened a new region which will per-
mit analysis of 4 number of com-

pounds not previously adaptable to
ultraviolet spectrophotometry with

standard instruments.

Accurate direct reading absorb-
ance™ to 1360A is now pvo ided with
the Model 14 through th e of opti-
cal elements of increased ultraviolet
efficiency in the double monochroma-
tor. The spectrum of methyl ethyl
ketone vapor, shown, indicates just
: of compounds whos
region provide analy
sibilities. In addition to ketones

) s

The Cary Model 14
performance to 1360A.
even short
formance was possible only on
instruments.

with po: s for
5. Ileretofore such per-
custom made

bl

THHH

g

L

janse

ABEa:

== : =

£ = =

1300A 2000A 2100A
This spectrum of methyl ethyl ketone vapor
illustrates the performance of the Model 14 in
the lower wavelength regions.

likely that alcohols, mono-olefines,
aromatics and other compounds will
also have useful spectra in this region.

The prism-grating double mon-
ochromator of the Model 14 is noted
for its high resolving power with low
scattered light (1955 than a part per
million) in the ultraviolet, visible and
near infrared regions. By using the
new, more efficient optical elements in
this double monochromator, the ex-
tended range is achieved.

This dev elopment is the result of
constant effort to improve the per-
formance, reliability and usefulness
of Cary instruments by taking full
advantage of advancements in mate-
rials, components and technology.

For additional information on
the new Model 14 and other Cary in-
struments, write for Bulletin ACS-25.
“By use of readily interchangeable slidewires,
the Modei 14 will also record directly in trans-
mittance, loy absorbance or other special
functions.

IMPROVED VIBRATING
REED ELECTROMETER
or, sinpler measurement of
isctopes, mass spectrom-
s ion currens, small pH changes,
ete....these and other laboratory
problems involving measuremert of
very small charges, currents, and
voltages are row made still simnler
with the new Cary Model 31 Vibrat-
ing Reed Electrometer than by other
methods. The new design pri ovides ten
operating ranges from 1 millivols full
scale to 30 volrs full scale.

The wider choice of ranges means
that users can cover a wide range of
input currents or voltages with the
standard Model 31 and one or two
input resistors, thus in many cases
eliminating the need for special in-
strument modifications and acces-
sories.

The Cary Model 31 replaces the
former Model 30 and provides all of
the features of the Model 30 plus the
added advantages of the new ranges,
A descriptive bulletin (No. ACE-25)
and information on application to
specific problems are available.

Cary instruments:

SPECTROPHOTOMETERS
VIBRATING REED AMPLIFIERS -

RAMAN SPECTROGRAPH
INFRARED ANALYZERS

APPLIED PHYSICS CORPORATION ;362 WEST COLORADO STREET / PASADENA 1 / CALIFORNA

ELECTROMETERS
ULTRAVIOLET ANALYZERS

For further information, circle numbers 56 A-1, 56 A-2 on Readers’ Service Card, page 77 A
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the cell. the lens system focuses the
slit image. N'. on the apex of the hexag-
onal prism. /2, which iz mounted on a
table that has precision-ground ways
and allows lateral displacement of the
beam-splitting prism  with respect to
the =lit image, S’. When the slit
image, S8', is centered precisely on the
apex of the prism, the system is in
balance, as the image is split into two
paralle] beams of cqual intensity,
and B, which emerge from the opposite
sides of the prisin.

Lach beam is alternately interrupted
by a synchronous chopper, and enters
a diffuser systemn where the average
light intensity ol each beam is moni-
tored by a photomultiplier tube. Any
change in the refractive index of the
flowing solution will causc a displace-
ment of slit image 87 and a correspond-
ing change in the intensities of emer-
gent beams A and B, resulting in an un-

balance signal.
This signal is detected by the photo-

multiplier, amplified and transmitted
to the servo system, which determines
the dircetion of unbalance and drives
the prisin table laterally to restore the
system to balance. The lateral posi-
tion of the prism table is a linear measure
of the refractive index difference be-
tween the solvent and solution. The
shaft which actuates the prism table
drive is geared to a potentiometer slide-
wire for recorder operation. A pointer
is geared to the same shaft and indicates
refractive index on the front panel dial.
The recorder may be remotely located
if desired.

All operating controly, mechanical
and electrical, are readily accessible
and casy to use. Coarse and fine

photomultiplier gain controls are pro-
vided to permit measurements on dark
as well as clear liquids and gases. Two
test buttons are provided for injecting

p and down seale test signals, to check
gain settings of the photomultiplier
tube and proper operation of the com-
plete  optical servo system. A re-
fractive index zero control, Z, is pro-
vided, which allows the operator to set
the instrument to read zero when the
solvent is in cach half of the differential
cell.

A typical example is in the Phoenix
Model R-1000-T shown in Figure 2. A
separate cabinet containg a standard
recorder and all power supplies. The
recorder is of the high-level bridge type
which climinates batteries, standard cell,
and standardizing mechanisms.

An important feature of these re-

fractometers is the calibrated range
extension with constant zero control.

It is apparent that with seasitiviiios of
3 units in the sixth decimal point a very
limited range of refraction difference
would result for a given solvent ref-



Model HT-1 was developed to fill the
demand for a halance which combines
large capacity with unusually high
sensitivity. The beam is graduated to
1 gram and no weights are needed for
weighings of 1 kilo or less.

Model LA-3 has several new features.
The Torsion bands are made of a new,
cxtrcmt‘l)‘ corrosion resistant, stronger
alloy (Elgiloy), which results inlonger,
trouble-free life for the balance. A

single beam with vernier permits accu-
rate weighings from 0.01 gram to 10
grams without the use of loose weights.
The stainless steel calibrated beam as-
sembly is positioned directly over the
Torsion mechanism to minimize the
effects of vibration. Sensitivity is
casily adjusted with the high poise
weight, and weighing operations arc
faster with the new oil dashpot.

If you have an unusual problem,

Model LA-3
200 gram
capacity

LA-3 SPECIFICATIONS

Capacity: 200 gm.
Sensibility Reciprocal®: 0.02 gm.

Beam: 10 gm. by 0.01 gm. with vernier

Pan: 5" diameter stainless steel

Dashpot: New oil dashpot for faster weighing
Finish: Smooth, chemically resistant gray

Dimensions: 52" x 11%2" x 9" high
Net Weight: 8 |bs.
Shipping Weight: 11 Ibs.

Torsion
Laboratory
Balances

where a non-standard balance seems
to be indicated, we will adapt one of
our 25 Torsions or 17 Christian
Becker Balances—or develop a new
design to meet your requirements.

Complete repair and reconditioning
services arc also offered. Just send in
your old or damaged Christian Becker
or Torsion Balance for a firm quota-
tion—without charge or obligation—
on the cost of repair work.

Model HT-1
30 pound
capacity

HT-1 SPECIFICATIONS

Capacity: 14 kg. (30 Ibs.)

Sensibility Reciprocal®: 0.75 gm. (.046 oz.)

Beam: Single graduated beam with 2 slide weights,
beam reading 1 gm. to 1 kg.

Plates: 10” diameter iron plates (ring-bottom scoops
with counterpoise available)

Finish: Smooth, chemically resistant gray

Dimensions: 272" x 10” x 15" high

Net Weight: 39 Ibs. « Shipping Weight: 60 Ibs.

*Sensibili'y Reciprocal (S.R.) is the amount of weight required to change the rest position of the indicator one full scale division.

9%, Torsion Balance Compiarny

MAIN OFFICE AND FACTORY: CLIFTON, NEW JERSEY

SALES OFFICES: CHICAGO, SAN FRANCISCO
For further information, circle number 57 A on Readers’ Service Card, page 77 A
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INSTRUMENTATION

Figure 3. Automaric rzcording mass
collecring differential refractometer
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Figure 4. Process refractometer
lowing the output of fractionation col-
umns and the effluents of liquid phase
chromatographic columns and ion ex-
change columns is evident.

Of the many special purpose models.
spaee permits the illustration of only
onc other example. In TFigure 4 is
shown the P-1000-C, one form (indi-
cating)  of = refractometer.
Thix 1= specifical signed for process
plant :Lll:ll}'>i> and control. (:'(')I]\))lt‘t('
fail-safe features are provided with ap-
propriate alarmis. to take care of light
source, photomultiplier, or high volta
supply failures. Of the many appli-
cations o nmonitoring  and
control. a few mentioned—

process

may he

controlling fractionating tower separa-

n-hexane,

oi eyvelohexane and

controlling ¢

ons, the
: alcohol-water sis,
ivdrogenation of food oils and fats,
and the identification of compounds as
thev are released, such as coal tar.
For the readers who may be inclined
to believe that this eolumnist’s interests
are confined to rare and esoterie devices,
it may be ol interest to note that these
various differentiad refractometers are
being used in some domestic uni-
versity, governmental laboratories; and
imdustries, and some 50 or more by for-
Tions,
these mstruments are doing
workhorse jobs in industry. it is apparent
that they re ent a powerful r
tool. The extraordinary  sensitivity,
combired with ruggedness and reliab-
ility, is up to the most exacting needs of
pure research.

itives.




Cat. No. JL-1110 STANDARD SIZE

Chamber 8" wide, 8" high, 12" deep
(Overall size: 12" x 17" x 13%")

HERCULITE GLASS DOOR
of interior

CHAMBER WALLS of 4" reinforced steel

OPERATES on 115 or 230 v. A.C,, single phase,
50,60 cycle — draws 250 watts

e TERMINAL BLOCK for easy voltage change

Complete with Cord, Plug, and
.. 8175090

Thermometer (10-200° C) ... ...

2

thick gives full view

Cat. No. JL-1112 KING SIZE

Chamber 12" wide, 12" high, 18" deep
(Overall size: 16% " x 18" x 24")
FULL 174" CU. FT. usabie chamber space
CHAMBER WALLS of 316" reinforced steel
DUAL THERMOSTATS for close temperature regulation
PRESSURE RELIEF VALVE for added safety

OPERATES on 115 volts, A.C.
$32500

Complete with Cord, Plug, and
Thermometer (10-200° C)

One Year against
defective parts

GUARANTEED...

Write for Complete Specifications

|
%

lege: Room to 200° C. =+ 0.5°C
| !

e 2 Thick Fiberglass Insulation
® Radiant Heating Chromalox Elements
® Hydraulic Thermostat Controls

RUGGEDLY CONSTRUCTED of
welded steel, these ovens provide large
capacity and close temperasture regula-
tion. Doors seat perfectly against special
Silicone gaskets. Radiant heating pro-
vided by elements clamped to chamber
walls. Equipped with 2 removable
shelves, vacuum gauge 0" to 30" and
thermostat. Grey hammertone finish
outside white silicone enamel
inside chamber.

s c H AA R AND COMPANY

754 W. Lexington St. .

Complete o()a[)oratory (‘:quipment

Chicago 7, lllinois

For further infermation, circle number 59 A on Readers' Service Card, page 77 A
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High operating temperatures, i.e. up to
450° C

Six separately controlled 200-watt
heaters

Fume duct support adjustable to take
flasks from 10 to 100 ml, and tubes
of various sizes, at any desired angle

Corrosion-resistant throughout

KJELDAHL DIGESTING APPARATUS, Micro, Elec-
tric, Thomas-Labconco. With six 200-watt heaters,
each with separate rheostat control, pilot lamp and
“on-off’’ switch, for completely independent operation
at temperatures up to 450° C. Controls are mounted in
a Stainless steel housing, and finish is corrosion resist-
ant throughout. With fume duct of Pyrex brand
glass. Support is adjustable to accommodate Kjeldahl
flasks 10 ml, 30 ml or 100 ml capacity, making the
apparatus suitable for micro or semimicro analysis.
Heat production is adequate for larger Kjeldahl
flasks™ or for pressure digestions using sealed tube pro-
cedures. Fume duct is in accordance with “Recomni-
mended Specifications for Microchemical Apparatus,”
Division of Analytical Chemistry, American Chemical
Society; see Analytical Chemistry, Vol. 23, No. 3
(March, 1951 ), p.

The disc-shaped heaters, consisting of heating ele-
ments embedded in refractory cement, are spaced 3
inches from center to center on the transite top of the
Stainless steel housing and are separated from the
controls by a ventilated air chamber 11¢ inch high,
beneath which is a second transite strip. Each heater
has a removable, circular top of Stainless steel with
opening 26 mm diameter and concavity for supporting
the bottom of a 30 ml Kjeldahl flask. Readily insert-

24.

*For use with Ej-rl(lalxl flasks 100 ml or larger, the Apparatus can be fur-

nished at same price with heater tops to f{it in place of the tops regularly
furnished.

More and more laboraiories rely on Thoinas

M-LABCONCO HIGH TEMPERATURE
KJELDAHL DIGESTING APPARATUS

able wire gauze discs are available for use in openings
of heater tops to support 10 ml Kjeldahl flasks and
tubes less than 26 mm in diameter.

Individual switches, pilot lamps and temperature
control knobs, with dials graduated in 10 arbitrary
divisions, are mounted on front panel and are insu-
lated by a transite panel from the six 50-ohm rheostats
mounted in ventilated rear compartments. Housing is
1915 inches long x 73 inches deep x 103{; inches high
to tops of heaters.

Fume duct, 516 mm long x 51 mm outside diameter,
has six openings 22 mm diameter for flask necks and
slopes toward center for drainage through the central
outlet tube, ’{z-inch outside diameter. The fume duct
is held in position by the Stainless steel, spiral springs
of two slotted aluminum clamps supported by wing-
shaped brackets at the back corners of the housing.
The flexible attachment of the clamps to L-shaped
slots in the brackets by two bolts with wing-nuts and
washers permits easy adjustment to support flasks or
test tubes up to 12 inches long at any preferred angle
over a wide range.

7498-E. Kjeldahl Digesting Apparatus, Micro, Thomas-Labconco,
Electric, as above described, with six independently controlled 200-
watt heaters. Complete with six heater tops to support 30 ml Kjeldahl
flasks, fume duct made of Pyrex brand glass, two clamps to support
duct, two additional bolts for locking clamps in desired position, and
4 ft., 3-wire connecting cord with 2-prong attachment plug cap and
grounding tail. For use on 115 volts, a.c. or d.c. Maximum power
consumption 1200 watts. ... ... o swsemina s b wie. slaa aaTea 242.25

ARTHUR H. THOMAS COMPANY

Laboratory Apparatus and Reagents

VINE ST. AT 3RD ¢ FHILADELPHIA, PA.

For further information, circle number 60 A on Readers’ Service Card, page 77 A
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Low-Cost Insirumentation

NSTRUMENTS used for analysis have always been expensive, often cost-
ing many thousands of dollars. Laboratories fortunate enough to
have adequate funds have been able to justify such purchases because
of the added information obtainable in no other way or the speed with
which the determination can be carried out.

Small laboratories and many small Liberal arts colleges do not have
such funds available. “*In some instances colleges and universities
have managed to obtain such equipment as gifts or at bargain prices
through private or government-sponsored projects started in World
War II. The market for instruments selling for-$10,000 to_$100,000 is
limited. Fortunately for the instrument maker, developments in simpli-
fied circuitry using miniature tubes, printed circuits, and transistors
have permitted drastic reductions in the cost and size of instruments.

This year we are seeing the fruition of many years and months of de-
velopment to extend the market of instruments to those who cannot
afford to spend more than $5000. Recent instrumental developments
in the field of gas chromatography, infrared, and mass spectrography
will be particularly useful to organic analysis. While these instruments
do not have the resolution of their larger counterparts, they are ade-
quate for 759, of the samples run.

These instruments, particularly infrared, were developed not only
with the small laboratory and college and university in mind, but on the
basis that these instruments will become a part of every organic research
man’s equipment, much as we would formerly think of a pH meter as part
of his equipment.

The burdens of routine work in instrumental laboratories are certainly
a problem. All too frequently the length of time required to get an
analysis is frustrating. Often the results are received too late to be of
value. There is much work where an elaborate curve is of little value
in identification or where a reaction is followed step by step by following
the increase or decrease of a particular constituent through decrease or
increase of a certain pealk.

Development of simplified, low-cost instruments will permit the main
analytical laboratory to devote more time to special problems and re-
search. However, we do not feel that such development should diverce
and isolate the organic chemist from the main spectroscopy or other
analytical group. He still needs their advice and counsel ininterpretation
of curves and preparation of samples. He still needs guidance to know
when his problem requires the experience of the spectroscopist and the
versatility of more expensive equipment.

Now that relatively low-cost instruments of various types are within
reach of many, we see a future for the application of instrumental
methods of analysis to many specific determinations in which the in-
strument can be further simplified because the system to which it is ap-
plied contains few or controllable components. Such applications will
be made by collaborative efforts of the instrument maker and the large
laboratories equipped and staffed to énvision such future applications.

Certainly future growth in instrumental analysis seems destined to be
phenomenal within the next few years.
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Chemical Analysis of Surfaces by Nuclear Methods

SYLVAN RUBIN, THOMAS O. PASSELL, and L. EVAN BAILEY
Stanford Research Institute, Menlo Park, Calif.

p-Nuclear scattering and nuclear re-
- actions induced by high energy protons
and deuterons have been applied to the
analysis of solid surfaces. The theory
of the scattering method, and deter-
minations of oxygen, aluminum, silicon,
sulfur, calcium, iron, copper, silver,
barium, and lead by the scattering
method are described. Carbon,
nitrogen, oxygen, fluorine, and sodium

were also determined by nuclear -

reactions other than scattering. The
methods are applicable to the detec-
tion of all elemenits to o depth of
several microns, with sensitivities in the
range of 1073 to 1078 gram per square
cenfimeter.

][N THE ANALYsis of the surfaccs of
solids and investigations of the
effects of surface treatments, extremely
high sensitivity is required because of
the small quantities per unit area
involved. Futhermore, detection math-
ods must be selective for only the
surface layers.

The short range of heavy ionizing
particles in solid matter makes them
particularly adaptable as tools for the
analysis of the compositions of surface
layers to depths from a few atoraic
layers to several microns. A varicty
of nuclear interactions can be used for
this purpose.

Nuclear properties can be used to
distinguish between specific elements or
isotopes; the interaction energies are
too large to be influenced significantly
by chemical or crystalline
energies, so that no information is
obtained on compounds or ecrystal
structure by these methods.,

The large particle energies permit
individual partieles to be detected, so
that very high sensitivities are achiev-
able. Surface concentrations as small
as 1078 gram per square centimeter are
readily detectable in many cases.
Furthermore, film thicknesses and con-
tinuous variation of concentration with
depth can be measured with a depth
resolution of about 10~? micron.

Nuclear reactions can be produced by
bombardment with energetic protons,
deuterons, or alpha particles, causing the
emission of other energetic particles or
of gamma radiation, or the production
of radioactive isotopes. The elements
in the surface can be identified by the
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Figure 1. Schematic drawing of apparatus as used in scattering analyses

energies of the various particle groups
and gamina rays emitted, and/or by the

half lives of the isotopes produ«;ed.‘

In general, these reaction methods are
best applied to the light elements, from
which adequate rcaction yields are ob-
tainable for incident particle epergies
less than 2 m.e.v.

Another nuclear interaction is elastic
scattering of the incident particle.
The scattering nucleus can be identified
in this case by the fractional loss in
momentum of the scattered particle,
which is a function of the scattering
mass. This method can be used for all
elements, but it requires very high
momentum resolution, and therefore
is gencrally less rapid than the nuclear
reaction methods.

This paper discusses the principles,
instrumentation, and results obtained
in the application of these methods to
the analysis of a variety of types of
samples,

EQUIPMENT

Proton or deuteron beams are ob-
tained from a 2,000,000-volt Van de
Graaff accelerator (Model AH, High
Voltage Engineering Corp., Cambridge,
Mass.), equipped with a 90° analyzer
magnet, which produces a collimated

beam with an energy spread of about
0.1%,. Beam currents up to about 1 ua.
are obtainable. The beam is focused on
the farget by a two-section electrostatic
quadrupole lens, which ean provide a
spot on the target about 0.2 mm. high
by 2 mm. wide. The target chamber
is fixed rigidly to the spectrometer
magnet (7) which is used for the elastic
scattering measurements. Samples are
mounted on standard bayonet mounts
which- are inserted into the target
chamber through a vacuum lock and
coupled to an insulated target position-
ing assembly. Positioning adjustments
include horizontal and vertical displace-
ment and rotation about a vertical axis.
The entire spectrometer magnet assem-
bly can also be rotated about a vertical
axis through the target to select a
suitable scattering angle. Figure 1is a
schematic drawing of the apparatus as
used in scattering analyses.

The same target chamber is also used
for nuclear reaction analyses. It has a
number of ports, 1 inch in diameter,
with O-ring seals through which scin-
tillation counters and other equipment
can be inserted. A vacuum of about
0.1 mieron of mercury is maintained in
the target chamber and connecting
system.

The incident beam is monitored by a
precision charge integrator connected to
the insulated target. The circuit is



essentially that developed by Bouricius
and Shoemaker (3), with minor modi-
fications. Provision is made for con-
necting a leak resistor to make the
integrated charge decay at the same
rate asa short-lived radioactive product,
80 that this type of measurement can be
accurately normalized. The target
assembly is surrounded by a guard ring
at —90 volts’to prevent secondary
electron emission from giving erroneous
charge measurements. The incident
beam charge is integrated by charging
one of several low-leskage condensers,
ranging in capacity from 0.001 to 10
microfarads, from —10 volts to ground
potential, at which point a relay is
operated to terminate the run and rest
the integrator.

The beam energy is determined by
measuring the analyzer magnetic field
by means of a flip-coil fluxmeter (5)
which is calibrated with the accurately
known proton resonance energies of the
aluminum-27 (p,y) reaction (4). The
same fluxmeter system, using another
flip coil in the spectrometer magnet, is
also used to measure the ratio of the
fields of these two magnets. This is the
basis for the determination of the relar
tive momentum of the scattered and
incident particles. The fluxmeter is
sensitive to about 1 part in 104,

The magnet currents are each regu-
lated to about 1 part in 104 or better;
however, the over-all resolution of the
scattering momentum ratio is abouf
2500, most of which is due to the spread
in beam energy from the accelerator,
A choice of exit slit widths in the
spectrometer gives calculated spectrom+
eter resolution factors of 3300, 1106, and
560. The solid angle of the spectrom-
eter is 0.0025 steradian.

Particles and radiation are detected
with scintillation counters. A thin,
thallium-activated sodium iodide ecrys-
tal is mounted behind the spectrometer
exit slit on a Lucite light pipe 2 inches in
diameter, where it detects all particles
selected by the spectrometer. For
nuclear reaction detection,
solid-angle detector is used, consisting
of a thin sodium iodide scintillation

crystal 1/4 inch square, about 3 inches.

from the target, on the end of a Lucite

rod ingerted through one of the side

ports of the target chamber. A layer

of 0.001-inch aluminum foil on a cap’

slipped over the end of the tube en-
closing the Lucite rod stops scattered
deuterons and keeps out light.
radiation is measured with a 1/, X 1
inch sealed sodium iodide erystal. Du
Mont 6292 photomultiplier tubes arc
used with all these erystals. A conven-
tional linear amplifier and single channel

analyzer are used with the scintillation’

crystals to distinguish particle groups
or gamma rays of differcnt energies.

ELASTIC SCATTERING METHOD

Theory. The velocity, V, of a

particle of mass My and initial velocity

Vo, elastically scattered at an angle ¢
by a particle of mass M, initially at
rest, is

a large~

Gamma.,

Vo

Ve =3+ o6
or
Vo — Vs AV My
e M0+M (1 — cos#)
@)

The elements in the sample are iden-

tified by the change in velocity of the-

scattered particles. If the element is
present only in a very thin (with respect
to the energy loss of a 1- or 2-m.e.v,
proton or deuteron) film on the surface
of the sample, it will produce a narrow
peak in the momentum distribution of
the scattered particles,

However, the incident particles also
lose energy by ionization in the sample,
in proportion to their depth of.penetra-~
tion before scattering from a nucleus.
Therefore an element in a thick layer, or
homogeneously distributed in the sample
will produce a step in the momentum
distribution, the front edge of the-step
being located at the theoretical momen-
tum for particles scattered by that ele-
ment. This feature makes it possible to
determine the variation of the concen-
tration of an element with depth, with
depth resolution of the order of 0.01
micron,

The yield of scattered particles from. a
thick target depends on the concentra-
tion, the scattering cross section of the
element, the stopping power of the
sample for the particles, and geometrical
factors of detector resolution and solid
angle.

In a target material containing vari-
ous elements o, in the relative atomic
proportions 7, the following formula
gives the number of particles, Y ;, scat-
tered from a given element, a;, and
counted in the momentum interval de-
termined by the resolution factor, R,
(9, 10):

[M; cos 8 + (M,* —

an

M, *sin? g1 (1)

For elements of Z > 30, the Ruther-
ford formula for the elastic scattering
cross section is accurate to within a few
per cent:

do 2Ze*\? ., 0 _ -
—='(2_Mﬁ) sin~ = 13 X 10°7

(zZ)2E-?sin™* g 8q. cm./steradian (4)

For light elements the scattering cross
sections deviate considerably from the
Rutherford formula, and show reso-
nance effects at certain bombarding ener-
gies. At proton energies up to 2 m.e.v.,
strong resonance effects occur in the
light elements up to and including alu-
minum and sulfur. No significant res-
onances are present in iron and heavier
elements. No detailed data are avail-
able on the intermediate elements be-
tween sulfur and iron.

The stopping cross section, e for
protons of various energies is given in
Figure 2, as smoothed average functions
of atomic number Z of the stopping ele-
ment, based on the data of Fuchs and
Whaling (6). More precise data are
given by Bader and associates (2), with
references to other stopping cross sec-
tion measurements,

The stopping cross sections for par-
ticles other than protons, and for various
energies of the incident particle, can be
calculated from the proton cross section
by the approximate expression

CMU?ZE
Els

ﬁz

which is useful for £ > 0.3 m.e.v. for
protons and deuterons. The relative
stopping cross section for alpha particles
will be diminished below 1.5 m.e.v. be-

o do qQEﬂL, ( €iz COS 0;)] 1
¥y =12 X 109 (aTo [ zene (e + 52 S @
where do is the differential scattering cause of capture and loss of electrons by
g the alphas.
cross section (in center-of-mass co- The concentrations of a given element
ordinates) can be determined from the measured

B, is the spectromcter resolution factor

7

E, is the incident particle energy (in the
same energy unit as e)

¢ is the incident charge (in micro-
coulombs for singly ionized particles)

Q is the spectrometer solid angle {(in

center-of-mass coordinates)

¢ is the atomic stopping cross section of
each atomic species, with subseript 1
referring to the particle before scatter-
ing, subscript 2 after scattering

% is the ratio of the particle energy after
scattering to the energy before
scattering

6, and 8, are the angles between the
normal to the target and the direction
of the incident and scattered beams,
respectively

scattering vield, either by application of
the above equations, or, in many cases,
more convenicntly by comparison with
measurements on reference samples of
known congcentrations. The latter
method is especially useful for light ele-
ments because of the large deviations of
the actual scattering cross sections from
Equation 4. However, experimentally
determined proton scattering cross sec-
tions for most of the light elements in
this energy range have been published.
For the analysis of heavy elements,
deuteron or alpha particle scattering
may be preferable, as the resolving
power of this method for nuclear masses .
is proportional to the mass of the scat~
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tered particle. Although the scattering
yield with deuterons or alphas is less
than that of protons by factors of 2 and
4, respectively, the relatively large scat-
tering yield from heavy elements makes
this loss unimportant except when the
maximum sensitivity is required.

Scattering Analyses. Most of the
scattering analyses described here
were made with protons. Deuterons
have also been available from the
accelerator during the past year, but
have been used chiefly for the observa-
tion of d,p and d,n reactions.

Samples up to 1 inch square can be
accommodated on the target holders.
Reference targets are often mounted
with the samples.

Scattering measurements with the
magnetic spectrometer are usually made
at a scaitering angle of 150° to the in-
cident beam, to give the maximum
change of velocity with mass. The tar-
get face is vertical with the normal bi-
secting the line between the incident
beam and the spectrometer. The beam
is focused to a fine horizontal line on the
target with the electrostatic lens to make
a suitable source for the spectrometer,
The exit slit of the spectrometer is set
for a suitable compromise between res-
olution and yield. The beam cnergy is
kept fixed, usually between 1.2 and 1.5
m.e.v., where the accelerator gives op-
timum beam current and focusing.

Data are taken by varying the mag-
netic field of the spectrometer in uni-
form steps manually by means of a
Helipot control and counting the rela-
tive number of scattered particles, at
each step, for a constant incident charge
to the target. These data, when plotted
against the fluxmeter ratio scale, are re-
ferred to as momentum profiles of the
targets. The fluxmeter scale is cali-
brated by means of known elements in
the samples or Ly reference targets
such as copper or aluminum, which
also provide standardization of yield
measurements.

The minimum detectable concentra-
tions depend on the atomic number of
the element. A heavy element in a thin
film on the surface can be detected with
the greatest sensitivity, being limited
essentially only by background from the
counting crystal. The poorest sensi-
tivity is obtained in determining light
elements in a sample consisting primar-
ily of heavy elements. In this case, the
large background of scattering from the
heavy elements is added to a small yield
from the light elements, requiring very
good statistical accuracy in the yield
mesasurements to detect the latter.

Sample Preparation. A sample to
be analyzed by elastic proton scatter-
ing must have several characteristics.
In the approximate order of impor-
tance, these are:

Resistance to degradation by the
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Figure 3. Momentum profile of scattered protons from a
steel sample exposed to detonation of an explosive

10% concentration levels are calculated from the scattering cross
section of each element relative to iron. The depth scale of 1
micron, shown for iron, is applicable to each of the other elements,

measured from their “front edges”

heating of the proton beam; metals,
glass, and inorganic salts with melting
points above 300° to 400° C, are satis-
factory in this respect.

The sample must have a relatively
smooth surface. A badly rusted surface
for example, is too rough for a good
scattering analysis. Salts which can be
compressed into smooth surfaced wafers
have been successfully used.

The sample must have surface area
dimensions available for analysis of at
least 0.5 by 1 mm. This limitation is
imposed by the size of the proton beam
at the sample (target). The only area
which is analyzed is that which is
directly bombarded by the beam,
Beam sizes up to 1 by 4 mm. have been
used, but the larger beam sizes limit the
momentum resolution obtainable.

The nuclear reaction methods are less
demanding of the target properties.
Because more diffuse beams can be used,
target heating and degradation is less of
a problem. Relatively rough surfaces,
corresponding to a badly rusted piece of
steel, have been successfully analyzed.

Larger areas can be analyzed, as a large
area beam (about 0.5 sq. cm.) has little
if any deleterious effect on sensitivity or
accuracy.

General “good housekeeping’’ precau-
tions are necessary to minimize surface
contamination. In some instances spe-
cial cleaning techniques have been used,
but each case is so different that no
general discussion of sample cleaning
is appropriate here,

Results of Scattering Amnalyses.
The following scattering analyses
have been selected as illustrative of
the types of problems encountered.

SteeL Surrace. Figure 3 shows a
momentum profile of scattered protons
from a steel sample exposed to the det-
onation of an explosive. Before analy-
sis the sample surface was cleaned by
condensing vapor phase pyridine on it
for a short time, followed by vapor
phase cleaning with tetrachloroethylene.
This cleaning procedure should have re-
moved most surface contaminants from
handling or the accumulation of dust.
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The most notable feature of the profile
is the plateau due to scattering from
iron. A so-called ‘“front edge’” of this
plateau is evident at the vertical arrow
designated Fe, representing the maxi-
mum energy a proton (of initial energy
corresponding to fluxmeter reading of
about 9.25) can have after elastically
scattering from an iron nucleus (mostly
iron-54 and iron-56). With sufficient
momentum resolving power, the front
edges due to iron-54 and iron-56 and per-
haps iron-57 could have been separated
from one another.

Narrow maxima due to elements with
nuclear masses greater than those of the
iron nuclides are evident to the right of

the iron cutoff. The fact that narrow
peaks appeared rather than step func-
tions tells us that the materials are pres-
ent in thin layers on the surface. The
surface concentrations involved are of
the order of micrograms per square cen-
timeter. The positions of these two
maxima correspond to elements with
masses in the silver to antimony and the
mercury to lead regions respectively.
The lead and/or mercury probably arose
from the decomposition of the lead
azide or fulminate of mercury detona-
tors. No offhand explanation can be
given for the presence of the silver-region
elements. However, this sample had
been provided by another laboratory,

and information is not available on all
substances involved in its preparation.

Small peaks due to the presence of sur-
face carbon and oxygen are also evident.
The high background plateau from iron
decreases the sensitivity for detection of
these elements as it would for any other
elements lighter than iron.

The depth resolution possible in this
method of analysis is evident from a 1-
micron scale shown on the iron plateau.
In other words, the proton counts on the
plateau directly above the left arrow of
the micron scale were scattered from a
1-micron depth in the iron. If the iron
at that depth were diluted with some
other element, the plateau level would
have dropped proportionately. Be-
cause of the increase in stopping power
with increase in atomic number, the
depth resolution also increases with in-
creasing atomic number. Therefore,
scattering data for the higher atomic
number elements are more sensitive to
the effects of surfdace irregularities and
contamination than are similar data for
the lighter elements.

ErecrrorraTED Frm.  Figure 4
shows the proton scattering profile ob-
tained from analysis of a thin copper film
electroplated on a polished iron target.
This example demonstrates the effect
of a surface layer in displacing the posi-
tion of the front edge of iron, and the
usefulness of the scattering method in
the determination of film structure. The
first effect is evident from the figure,
where the front edge of iron is displaced
to a lower value than its usual position
The following
conclusions on the structure of the cop-
per film can be drawn: The surface of
the film is very smooth, as evidenced by
the very sharp rise of the copper front
edge, and the thickness of the film is not
uniform, as evidenced by the decreased
slope of the iron front edge compared
with the sharp rise exhibited by a pol-
ished iron surface. A perfectly uniform
copper layer would have displaced the
iron front edge but not influenced its
slope. .
The height of the copper maximum is
80%, of the height expected for a perfect
layer with no holes. Therefore about.
209, of the copper film surface consists
of holes which extend all the way
through the film.

Arrosors. In the study of the ele-
ments contained in aerosols (such as
smog), it is often convenient to deposit
the material by jet impaction or elec-
trostatic precipitation onto some clean
surface. A proton scattering analysis of
such a deposit electrostatically precip-
itated on aluminum foil is shown in
Figure 5. Figure 6 shows the signal ob-
tained from the foil alone.

This particular aerosol exhibits max-
ima which have been assigned to carbon-
12, oxygen-186, silicon-28, and sulfur-32.
Some signal was obtained (above the foil
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background) on out to the region of iron,
but these elements were not resolved,
because of their proximity to each other
(in mass) and/or their low abundance.
The oxygen peak corresponds to a thin
deposit of 5 ¥ per sq. cm.  Silicon and
sulfur are present in thin films of 0.13
and 0.3 ¥ per sq. em., respectively. The
carbon peak shown arises from the well-
known carbon build-up and was not
originally present on the sample. Car-
bon build-up has been greatly reduced
by placing a liquid nitrogen—filled cold
finger near the target. The hydrocarbon
wapors, which arc ordinarily absorbed
and cracked on the target where the
beam hits it, arc reduced in pressure by
condensation on the cold finger.

The thick target momentum distribu-
tion to the right of the aluminum cutoff
from the clean sluminum foil is due to
silicon and iron impurities known to be
present in this grade of foil. This back-
ground could be eliminated by using
purer aluminum foil.

Grass SurFace. The results of
analysis of three soft~glass surfaces sub-
jected to different washing procedures
are shown in Figures 7, 8, and 9. The
dichromate wash (Figure 8) decreased
the surface concentration of calcium to
about half its valuc in the untreated
glass (Figure 7), whereas the heavy ele-
ment (probably cesium or barium) was
unaffected. On the other hand, a sul-
furic and nitric acid wash leached the
heavy element (Figure 9), leaving cal-
cium relatively unaffected.

These results illustrate the use of the
proton scattering method in the study of
surface reactions such as leaching, ad-
sorption, and corrosion. The cases used
here as an illustration are favorable for
this purpose, in that the glass surfaee is
very smooth, glass does not deteriorate
appreciably when bombarded for the
time necessary in the analysis, and the
elements of interest were the heaviest
ones present in the material.

USE OF NUCLEAR REACTIONS FOR ANALYSIS

These methods consist of the applica-
tion of well-known nuclear disintegra-
tion phenomena to surface analysis.
The papers by Lauritsen and associates
(1) and by Endt and Kluyver (4), on the
cnergy levels of light nuclei, provide ex-
tensive data on the nuclear intersctions
of all the lighs nuclides.

The use of nuclear reactions is advan-
tageous for detection of light elements,
in comparison with the scattering
method, because in general its sensitivity
{using charged incident particles with
energies under 2 m.e.v.) decreases dras-
tically with inerease in atomie number.
On the other hand, the sensitivity of the
scatfering roethod increases with in-
crease in atomic number, primarily be-
cause of increase in the Rutherford
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gamma rays from the decay of sodium-

scattering cross section with increasing
V4

Another feature of the reaction meth-
ods is the simplicity of the detection
equipment required. Large solid angle
scintillation detectors .are commonly
used, as the high resolution of energy or
momentum necessary for a scattering
analysis is not required.

The fact that each element is usually
treated as a separate problem extends
the time necessary for an extensive or
comprehensive analysis of a sample,
However, in many analyses, only one or
a few elements are of interest, so this is
not. a serious limitation. In most cases
the signal from the element of interest
can be isolated completely from the
signals of the other elements, hence
background problems are seldom a
limiting factor.

Fluorine in Opal Glass. Sections of
opal glass (3/4 X 3¥/; X /s inch) were
bombarded by a proton beam of 1.4-
m.e.v. energy. The 8- and 7-m.e.v.

gamma, rays resulting from the fluorine-
19 (p, oy) oxygen-16 reaction were ob-
served It a scintillation crystal 1.5
inches in diameter by 1 inch thick.
Since these gamma rays are emitted
with mean lifetimes of less than 10—1*
second, the number of gammas resulting
from a given number of bombarding
protons was measured. Figure 10.
shows the pulse height spectrum ob-
served using a single-channel pulse
height analyzer.

The amount of fluorine present was
determined by observing the gamma
yield (above a given arbitrary pulse
height discrimination level) of the
sample relative to the yield from a
fluorine sample of known composition.
The standard chosen in this case was
sodium fluoride, because it has about the
same stopping power as the glass sam-
ples. Therefore the effective thickness
of the surface layer was essentially the
same in both the standard and the un-
known samples.

In this instance, the chief concern
was with relative concentrations on dif-
ferent samples, so no further effort was
expended on the standardization of the
method for measuring absolute concen-
trations.

Samples of the other elements in opal
¢lass were bombarded with the same
energy proton beam to determine the
background radiation in the critical 4-
to 7- m.e.v. region. Background was
essentially nil. Fluorine concentrations
in these experiments were of the order
of 39, by weight and were measured to
a precision of within £0.19,. No other
proton-induced reaction (at proton ener-
gies under 2 m.e.v.) has a higher yield
for gammas than fluorine-19(p, ay)oxy-
gen-16.

The methods of gamma detection used
here are not necessarily optimum for
fluorine detection in glass or any other
surfaces. For example, the use of a
much larger scintillation crystal and a
more favorable solid angle would have
increased the sensitivity of this analysis
for fluorine by a factor of 102 to 103
There is no particular significance in the
use of a proton energy of 1.4 m.e.v., ex-
cept that most of the resonances (of
those accessible to a 2,000,000-volt Van
de Graaff) in the fluorine-19(p, av)-
oxygen-16 cross section are at energies
less than 1.4 m.e.v.

Sodium in Glass. The glass sur-
faces were analyzed for surface
sodium. Sodium concentrations were
of the order of 6%, by weight. The
chief objective was to look for differ-
ences in the surface concentration of
sodium among the glass samples.

Sodium was measyred quantitatively,
using the sodium-23(d, p)sodium-24 re-
action. Sodium-24 is radioactive with-a

" half life of 15 hours, going by beta de-

cay to magnesium-24, which emits two
cascade gamma-rays for every disin-
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tegration. The yield of these gammas
was measured to determine the sodium
concentrations of the various samples.
This scheme was very satisfactory for
the detection of sodium, a8 no other long
lived gamma activities were produced in
appreciable quantities in the 1.4~m.e.v.
deuteron bombardment of the glass
samples, That the activity detected
was due to sodium-24 was verified by:
observation of the 15.0-hour half life,
and observation of the gamma-ray
energy spectrum (see Figure 11). Each
sample was bombarded by a known
quantity of 1.4-m.e.v. deuterons. The
bombarded samples were removed from
the target chamber and counted in a
gamma-ray scintillation counter. Care
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was taken to assure that the counting
geometry was the same for each sample.
The sodium concentrations were de-
termined by comparing the activities of
the samples with the activity of a
sample of known sodium concentration.

Quantitative  Measurement of
Carbon and Oxygen Deposited in
Detonation of an Explosive Charge.
A piece of steel exposed to an explosive
charge exhibits two markedly different
surfaces, one smooth (near the center
of the explosion) and the other a
somewhat mottled, darkened surface
at the periphery of the smoother
regior.. It was of interest to deter-
mine differences in chemical composi-
tion between the two surfaces, espec-
ially in the content of earbon, nitrogen,
and oxygen from the detonation prod-
uets.

The reactions carbon-12(d, p)carbon-
13, oxygen-16(d, p)oxygen-17, and ni-
trogen-14(d, p)nitrogen-15 were used to
detecs the presence or absence of car-
bon, oxygen, and nitrogen. Each reac-
tion has a characteristic proton energy
spectrum through which the element
of interest is identified. The energy
spectra. from carbon and oxygen are
shown in Figures 12 and 13. The pres-
ence or absence of these elements in tle
steel samples is determined by compar-
ing the proton spectra from the steel
samples with the proton spectra from
the samples of known chemical com-
position. Figure 14 is the proton spec-
trum from the 1.4-m.e.v. deuteron hom-
bardment of a steel sample located at
the periphery of the explosion. In this
figure the proton groups from the reac<
tions oxygen- 16(d, p)oxygen- 17 and
carbon-12(d, p)carbon-13 can be seen.
The concentrations of oxygen and car-
bon are determined by comparing the
proton yields in a given group with the
yield from the samples of known com-
position. In computing these concen-
trations, corrections were made for the
differences in stopping power of the
different samples.

The large steel sample was cut into
smaller pieces of size approximately
t/; X 1/, inch, which were inserted
separately into the target chamber and
bombarded by the 1.4-m.e.v. deuteron
beam. Secondary protons were de-
tected by a scintillation counter and
their energy speetrum was determined
with a pulse height analyzer. The
sodium iodide crystal in this case was
only 0.050 inch thick. Secattered deu-
terons were stopped in an aluminum ab-
sorber before they entered the scintil-
lator.

Tests which would have detected
nitrogen concentrations of 0.1% by
weight indicated that no nitrogen was
present. These tests consisted of look-
ing both for high energy protons from
the reaction nitrogen-14(d, p)nitrogen-
15 and for the 118-second positron ac-
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Figure 14. Pulse height spectrum of
protons from the 1.4-m.e.v. deuteron
bombardment of a steel sample ex-
posed to an explosive charge

tivity from the reaction nitrogen-14-
(d, nYoxygen-15,

The failure to detect high energy
protons from d, p reactions also indi-
cates that neither beryllium nor boron
wasg present.

Various systematic errors are present
in this analysis, especially in the deter-
mination of absolute concentrations.
In computing concentrations, carbon
and oxygen were assumed to be dis-
tributed uniformly through the 5-
mieron surface depth. As these ele-
ments are no doubt more abundant at
the surface, the quoted concentrations
for the 5-micron layer would tend to be
high. Some of the counts attributed to
protons from the reaction oxygen-16-
(d, ploxygen-17 come from the beta
(positron) decay of nitrogen-13, which is
produced by the reaction carbon-12-
(d, m)nitrogen-13. This would cause
the largest relative error where the
oxygen concentration is lowest. The
use of a thinner seintillation crystal
would have facilitated discrimination
against pulses caused by the nitrogen-13
positrons.

Other Reactions Useful in Analyses.
During the above-mentioned analyses,
other reactions were observed which
should prove useful in certain in-
stances, even though they were not
exploited in this work.

Boron-11(d, n) Carson-11.  The 20-
minute half life of carbon-11 (a positron
emitter) allows it to be readily detected
by standard beta counting techniques.



It can be more easily detected iIn
quantitative fashion by observing the
511-k.e.v. annihilation quanta produced
when the positron and a free electron
mutually annihilate. To simplify the
determination of the counting geometry,
it is necessary to ensure that all positrons
are stopped in the immediate vicinity
of the source.

NItROGEN -14(d, n)OxYGEN-15. The
nuclide oxygen-15 has an ineonveniently
short life of 2.1 minutes. In order to get
a reproducible counting rate of oxygen-
15 from a given nitrogen sample, the
deuteron beam must not vary appre-
ciably in intensity. As this is sometimes
difficult to achieve with a Van de Graaff,
another reliable means of obtaining re-
producibility has been used. The charge
on the capacitor in the beam current
integrator is caused to decay at the same
rate (through a leak resistor) as the
nuclide under investigation. Thus a
given amount of charge in the capacitor
always is directly proportional to a
given number of radioactive nuclei in
the target. If the same amount of
charge is reached in each bombardment,
the same number of radioactive nuclei
will be produced (from a given sample).
Wide variations of beam intensity of al-
most any description can be tolerated

with thistype of system. Snowdon de-
seribes the use of the “leaky integrator”
in measuring 11-second fluorine-20 from
the reaction fluorine-19(d, p)fluorine-20
(8).

MaeNESTOM-26(d,p) MAGNESIUM - 27;
AvomiNum-27(d, p)ALuMINUM-28; SIL-
1coN-30(d, p)S1racoN-31; AND OXYGEN-
16(d, n)FLuorINE-17. These reactions
appear to be useful under favorable cir-
cumstances, although their feasibility
has not been directly determined.

As many variations in incident beam
energies, particle and radiation de-
tectors, and geometrical arrangement
are possible, a complete coverage of all
experimental situations is not at-
tempted. However, this discussion may
bring this powerful tool for the chem-
ical analysis of surfaces to the atten-
tion of those not aware of its potentiali-
ties.
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Study of Accuracy in Chemical Analysis Using
Linear Calibration Curves

JOHN MANDEL and FREDERIC J. LINNIG

National Bureau of Standards, Washingfon 25, D. C.

B In situations characterized by linear
calibration curves such as the relation
between “found” and “added” in
studies of accuracy in chemical anal-
ysis, the usual method for deriving
confidence intervals for the slope and
‘the intercept of the fitted straight line
may lead to erroneous conclusions.
The difficulty results from the inter-
dependence of multiple conclusions
drawn from the same data, especially
when there is a strong correlation
between the parameters involved.
The method of joint confidence regions
eliminates these difficulties and has
the further advantage of allowing for
the evaluation of the uncertainty of
the calibration line as a whole, as well
as of any values or functions of values
derived from it.

THE stupYy of an analytical pro-
cedure generally starts with deter-
mining satisfactory operating condi-
tions. Once this has been done, the pre-
cision and accuracy of the method can be

"effectively studied by analyzing a series

of prepared samples covering the range
of concentrations over which the method
is applicable. This procedure, which in-
volves the statistical theory of fitting
straight lines based on the method of
least squares, has been described by
Youden (18, 19) and applied by Linnig,
Mandel, and Peterson (9) and by Lark
(8). Essentially, the slope of the fitted
straight line can be compared to a value
based on stoichiometrie or other theoret-
ical considerations; the intercept, to
“blank”  determinations; and the
“standard error of estimate,” to a meas-
ure of précision obtained from replicate
determinations. Thus, the method gen-

erally involves tests of significance of the
slope and the intercept of a fitted
straight line. Such tests can readily be
carried out in accordance with classical
theory (1, 2, 12, 19).

Lark (8) has pointed out that -the
tests of significance on slope and inter-
cept can lead to erroneous conclusions,
because these tests, when carried out in-
dependently of each other, ignore the
strong correlation that exists between
the estimated slope and intercept of a
straight line obtained by least squares
calculations. ‘In Table I, the values
Jabeled “found” differ from those de-
noted ‘“‘added” merely by random
fluctuations. Thus, the “true” relation
between found and added is a straight
line passing through the origin with a
slope equal to unity. This line is de-
noted 7' in Figure 1. The line E, on the
other hand, which is the least squares fit
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of the equation ¥ = & + mz to these
data, has, as the result of the random
errars, an intercept different from zero
and a slope different from unity. It is
easily seen that if by the interplay of
chance effects, the fitted line hags a slope
less than unity, it will tend to have a
positive intercept and vice versa. Thus,
if the error in the slope is negative, the
error in the intercept will tend to be
positive, and vice versa. The theory of
least squares shows this to be generally
true for any set of linear data, for which
the average of the z values (valucs “ad-
decl”) is positive; in these cases, the cr-
rors of slope and intercept are always
negatively correlated, regardless of the
precision of the data.

Table I. lllustrative Data
“Added” “Found”
15 25.4
30 26.8
45 43.6
60 62.8
75 82.5
90 84.0

In this paper a rational basis is pro-
vided for judging the reliability of slope,
intercept, and any value derived from
the calibration line. The concepts are
presented in terms of the data obtained
by the authors in the study of an analy-
tical method for which interesting chem-
ical interpretations were suggested for
some of the statistical wonclusions (9).
However, reference will also be made to
the data of Table I to illustrate situa-
tions where the high reproducibility of
the analytical method just referred to
would produce effects too small to be
distinguished graphically. For greater
continuity of presentation, all mathe-
matical and computational matters are
relegated to a later section.

ACCURACY IN CHEMICAL ANALYSIS

Linnig, Mandel, and Peterson (9) ob-
tained the data given in Table IT for the
determination of fatty acid in rubber.

Table ll. Determination of Faity Acid
in Rubber
Fatty Acid, Mg.
Titration Added Found
1 20.0 28.0

2 20.0 24.5

3 50.0 58.5

4 50.0 57.8

5 150.0 157.8

6 153.7 163.2

7 250.0 257.8

3 250.0 259.3

9 500.0 5124

10 500.0 509.2
Solvent blank 0.0 7.40
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From a chemical viewpoint the following
questions are pertinent:

1. Does this analytical procedure
require a blank corrcction?

2. Is the value for the blank that was
determined experimentally (b = 7.40
mg.) an acceptable correction for the
removal of the constant type of error
suggested by the data?

3. Does the removal of the constant-
type error {by means of a blank correc-

tion) lead to an otherwise accurate

method? More specifically, is there,
in addition to a constant-type error,
also an error of a relative type—i.e.,
one that increases as the amount of
material to be titrated increases?

These questions relate to the values of
the intercept and the slope of a plot of
“found” vs. “added,” similar to the one
shown in Figure 1 (9).

Now, if answers to these questions are
obtained by means of a statistical analy-
sis, these answers should be compatible
with the data, not only individually but
collectively. For example, it has been
suggested (9) that the existence of a rel-
ative type of error (slope different from
unity) in titration data of the type given
in Table I is related to the choice of an
indicator that does not change at the
equivalence point. Therefore, in order
to determine the adequacy of a par-
ticular indicator, one would test statis-
tically the significance of the departure
of the slope from unity. On the other
hand, one may wish to judge the ade-
quacy of a blank titration as a correction
for a constant error by testing the sig-
nificance of its difference from the ob-
served intercept. Chemically, these
may be entirely unrelated questions;
but from the viewpoint of experimental
evidence, they are related in that they
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Figure 2. Joint confidence ellipse for
slope and intercept

Data of Table It
M. Least squares estimate of slope
Least squares estimate of intercept

are obtained from the same set of data.
This is especially so because, as has been
indicated, there exists a strong statis-
tical correlation between the errors in
the slope and the intercept. Conse-
quently, the answers to both questions
must be jointly compatible with the
data, and this requires the use of joint
confidence regions.

JOINT RELIABILITY OF SLOPE AND INTERCEPT

A joint confidence region for slope and
intercept is shown in Figure 2. On the
abscissa point § represents the value for
the intercept obtained by the method of
least squares. Similarly, # on the



ordinate is the least squares estimate of
the slope. Point (§, #) establishes,
therefore, the line of “best fit.” How-
ever, even this line of best fit is prob-
ably in error, the magnitude of its dis-
crepancy from the true line depending
on the experimental errors in the meas-
urements to which the linc was fitted.
Consequently, points other than (§, M)
are admissible, and theory shows (12,
p. 296) that these points lie in an ellipse
having the point of best fit as center.
The boundary of the ellipse is deter-
mined by the magnitude of the experi-
mental errors and by the degree of con-
fidence, the ‘‘confidence coefficient,”
with which one wishes to state that the
true point lies in the interior of the el-
lipse. The tilt of the ellipse with re-
spect to the axes is a consequence of the
negative correlation between the errors
in slope and intercept. As a result of the
tilt, the ellipse favors points with a
higher slope and lower intercept than the
best fit (upper left area) and points with
a lower slope and higher intercept (lower
right area); while points corresponding
to lower slopes and lower intercepts
(lower left) or to higher slopes and higher
intercepts (upper right) tend to fall out-
side the admissible region.

is required is answered by determining
whether the ellipse contains points for
which & = 0. As all such points are on
a vertical line at b = 0, they are well
outside the ellipse, and it is at once
‘apparent that & = 0 is unacceptable.
Consequently, s blank is required to
correct for a constant-type error.

2. Is the experimental blank -an
adequate correction for the constant-
type error? To answer this question,
draw a vertical line at & = 7.40 (the
value of the experimental blank).
This line intersects the ellipse and is, in
fact, close to its center. Consequently,
there is no reason to doubt the validity
of this blank as & means of correcting
for the constant-type error.

Is there a relative-type error?
Answering this question is equivalent to
deciding whether the value, m = 1,
is acceptable. Consider the horizontal
line, m = 1. The points on this line
falling inside the ellipse are extremely
close to the boundary of the ellipse.
Therefore, the hypothesis, m = 1,
is of doubtful validity, and there exists
a strong likelihood that, in addition

" to an error of the constant type, there

is a relative type of error. It has been
suggested in relation to these data (9)
that the reason for finding results
higher than the stoichiometric values
may be the opacity of the solution,

“FOUND"

0 ' 60
“ADDED"

Figure 3. Confidence band for calibration line

Data of Tablel,

asymptotes

APPLICATION TO CHEMICAL EXAMPLE

Figure 2 represents the 95% joint
confidence ellipse corresponding to the
data in Table II. The three questions
that arose in connection with these data
can readily be answered by means of
this figure.

1. The question as to whether a blank

Straight line is least squares fit.
of hyperbola“ define the confidence ‘band.

The two branches
Broken lines are the

causing the change of color of the in-
dicator to be observed somewhat beyond
the equivalence point.

The selection of any particular value
for the intercept, even though accept-
able, restricts the range of acceptable
slope values. Thus, as seen in Figure 2,
if it is decided to use a blank correction
of 7.40 mg., the range ‘of slope values

that are compatible with this blank ex-
tends approximately from 1.0013 to
1.0117—i.e., it is no longer.equal to the
total range enclosing the entire ellipse
(approximately 1.000 to 1.016).

As the least-squares solution, m =
1.00765, is well within this restricted
range, the procedure which consists of
first correcting the data by means of the
experimental blank and then dividing
by 1.00765 is entirely acceptable. At
the same time it is apparent that merely
subtracting the experimental blank is
not satisfactory, because this amounts to
accepting the joint hypothesis, b =
7.40 and m = 1, which corresponds to0 a
point outside the ellipse.

If the acceptability of the blank had
been judged on the basis of a confidence:
interval obtained by the usual method—
ie., not based on the joint confidence

- region—then this judgment would, in a

sense, have exhausted the confidence co-
efficient. If now a judgment concerning
the true value of the slope were also at-
tempted, then the joint judgment, con-
cerning both intercept and slope, would
no longer be associated with the ini-
tially chosen confidence coefficient. In
view of the strong correlation between
slope and intercept, any proposed value
for the intercept restricts the choice of
acceptable values for the slope and vice
versa. This fact is ignored in the usual
method of examining slope and inter-
cept separately.

BELIABILITY OF CALIBRATION LINE

The study of an analytical procedure
by the method of linear regression leads
to values for the slope and the intercept
of the calibration line, and by the
method described in the preceding sec-
tion specific questions regarding these
parameters can be satisfactorily an-
swered. This approach is particularly
useful when the values of the slope and
the intercept can be correlated with
chemical aspects of the problem such as
the need for, or adequacy of, a blank cor-
rection or the appropriateness of a par-
ticular indicator.

From the viewpoint of routine test-
ing, one may be interested in the cali-
bration line as such without a critical
gtudy of specific values for the slope and
the intercept. This question of prac-
tical interest can be stated as follows:
How reliable is the calibration line over
its entire range of applicability? The
answer is obtained by the method illus-
trated in Figure 3, which is based on a
959, joint confidence region for the
slope and intercept of the data shown
in Figure 1. These data, being less pre-
cise than those of Table II, are more
suitable for graphical illustration of the
concepts here discussed. The two
branches of the hyperbola define the

VOL. 29, NO. 5, MAY 1957 « 745



limits within which the calibration line
is known at any one of its points. The
line is most accurately known in the
middle region of the range in which it
was studied, the uncertainty of its posi-
tion increasing with increasing depar-
ture from the middle. Computational
details are relegated to the section on
formulas and computations.

However, it is important to note at
this point that the hyperbola, in addi-
tion to providing an uncertainty band
for the calibration line, also yields the
answer to two further classes of prob-
lems. Just as the estimated straight
line can be used for the estimation of the
‘““true” y corresponding to a given z as
well as for the estimation of the x cor-
responding to a given y, so the hyper-
bols can also be used to give the con-
fidence intervals corresponding to these
two situations. 'The first problem is
solved by drawing a vertical line through
the given z; the segment of this line
situated between the two branches of
the hyperbols is the desired confidence
interval for the “true’” y corresponding
to the chosen value of z. The procedure
for solving the second problem is en-
tirely analogous, the confidenee in-
terval being the segment bounded by
the two branches of the hyperbola on the
horizontal line drawn through the given
¥ value. Incidentally, it is worth not-
ing that the uncertainty intervals for x,
given'y, are asymmetrical with respect
to the value of « situated on the calibra-
tion line. Of course, there is no im-
pelling reason for an uncertainty interval
to be symmetrical, because the uncer-
tainty may well be greater in one direc-
tion than in the opposite one. This is
the case here, 'the calibration line being
most precisely known in the center and
becoming gradually less well known at
increasing distances from the center,
Therefore, the uncertainty intervals for
z, given y, are shorter on the side toward
the center than on the other side. As
msy be expected, in the case in which
the slope of the line is not significantly
different from zero, the confidence in-
terval for &, given y, becomes infinitely
long and, of course, meaningless.

The procedure just described can be
repeated for any number of given z
and/or y values, using the same calibra-
tion line with its associated hyperbola,
without ever causing the joint relisbility
of all the confidence intervals thus ob-
tained to drop below the choser con-
fidence coefficient.

RELIABILITY OF QUANTITIES DERIVED FROM
CAUBRATION LINE

The two classes of problems discussed
in the preceding section -constitute
special cases of a wider class of interval
estimation problems that can be solved
by means of the joint eonfidence ellipse
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of slope and intercept. As will be shown
in the final section, a confidence interval
can be derived for any arbitrary func-
tion, linear or nonlinear, of slope and in-
tercept. Only the linear case appears to
have been considered in its most general
form in the literature (3). An example
of the nonlinear case is found in the
study of the viscosity of polymer solu-
tions.

The following equation is sometimes
used to relate viscosity and concentra-
tion for dilute solutions (1)

e/ = [n] + E'[n]%

where ¢ is concentration, 7., is specific
viscosity, and [»] is intrinsic viscosity.
The constant, %’, which characterizes
the solute-solvent system, can be esti-
mated as the ratio of the slope, &‘[n12, of
the straight line to the square of its inter-
cept, [7]. The uncertainty of &’ is,
therefore, influenced by that of both the
estimated slope and the estimated inter-
cept.

12

SLOPE,mw‘[m

INTERCEPT, b= | 7]

Figure 4, Confidence interval for non-
linear function of slope and intercept
in viscosity study

Parabolas represent the equation m = k’b? for
various values of k’. The confidence interval
for k' consists of all values of k' contained
between kz and k’s

The following method is proposed for
solving this problem. The relation
Kt _m

k= L

12— b2

can be written m = £’b% and represents,
for any given value of ¥’, a parabola in
the b, m plane (Figure 4). Different
valucs of &’ result in different parabolas
some of which intersect the ellipse, while

others do not. For a value of %’ to be
acceptable, it must correspond to a para-
bola which contains acceptable combi-
nations of b and m—.e., points inside the
ellipse. Thus, the totality of acceptable
values of &’ is that set of &' values for
which the corresponding parabolas inter-
sect the ellipse—i.e., the values con-
tained between &'y and &', corresponding
to the tangent parabolas. Thus, &'; is
unacceptable, while £/, is acceptable.

‘While the problem of determining the
limiting values &’ and %', can be solved
mathematically, it may be simpler in
many cases, including the one under
discussion, to use graphical methods in-
volving trial and error on some values
of %'.

The function of interest in the present
example is the ratio of the slope to the
square of the intercept. Other functions
may also be of interest. If this is the
case, confidence intervals can be derived
for all such functions by the same gen-
eral method. It can then be stated that
the confidence intervals thus obtained
from a single set of straight line data are
all jointly valid with a probability at
least equal to the selected confidence
coefficient.

FORMULAS AND COMPUTATIONS

Equation of Joint Confidence
Ellipse. This equation for slope and
intercept can be written at once,
provided the wusual least squares
calculations for slope and intercept
are carried out in a systematic way.

Suppose that N pairs of corresponding
values for ¢ and y are given and that it is
required to fit a straight line

y="b+mz

to these data. The usual assumptions
are made —viz., that the & values are
known without error and that the errors
in the ¥ measurements are independent
of each other and have a common vari-
ance. The usual least squares formulas
are then applicable and require the
computation of the following quantities:

Given N pairs of z,y values, compute: -
(a) From the x values:

S = Zzand Q = Zz?
(b) From the y values:

Y = Zyand L = 3y?

(¢) From corresponding z and y
values:

P = Zzy

It is useful to represent the quantity,
NQ — 82, which depends on the z values
only, by a separate symbol

A= NQ — 8 (1)



Then, the estimates of slope and inter-
cept, m and §, are given by

NP — 8Y
=T @
gy — 8P

= ®

b=
The standard error of estimate, which
is & measure of the experimental error of

the y measurements, is the square root
of the quantity

The equation of the ellipse is

s =

N(b — b)2 + 28(b ~ 8) (m — #) +
Qm — B2 = 2Ps? (5)

In this equation, F represents the
critical value of the “‘variance-ratio,”
with 2 and N — 2 degrees of freedom, cor-
responding to the desired “‘confidence
coefficient.” For example, if the desired
confidence is 959 and N is 10, the value
of F is obtained from the “variance
ratio” table at a level of significance
equal to 100 — 95 = 5%, for 2 and 8 de-
grees of freedom. This value is 4.46.

In practice, it is not necessary actually
to draw the ellipse, because it can be
closely approximated by three sets of
parallel tangents, as shown in the follow-
ing section,

In terms of the data of Table 11, the
formulas just given lead to the follow-
ing quantities:

N =10

S = 1943

Q = 676,924
A = 2,991,267
m = 1.00765
b = 6.99

st = 2121

F = 446

The equation of the ellipse is, there-
fore
10(6 — 6.99)% + 3886(b — 6.99) (m —~
1.00765) + 676,924 (m — 1.00765)2
= 18.019

Practical Construction of Joint Con-
fidence Region. Referring to the
symbols defined in the preceding
section, the following additional quan-
tities are required.

K* = 2Fs? ©)
w = YN @
Lm=K \jg ()
L=K \/g )
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Figure 5. Graphical construction of
joint confidence region

Data of Table Il

- 2w
K gm0
d=dn D2 (1)

Construct a system of coordinate
axes (Figure 5) in which the abseissa rep-
resents the intercept and the ordinate
the slope. The scales need not be equal
for the two axes. They should be such
that a rectangle of sides 2L., (in the ver-
tical direction) and 2L, (in the hori-
zontal direction) covers most of the area
available for the graph. The center of
the rectangle is the point, C = (5,7).
After drawing the rectangle, locate the
points E and E’ above and below C, at
distances & d, from C'; and the points
D and D’ to the right and left of C, at
distances ==d, from C. Draw the sloping
lines ED and E'D’ and extend them to
their points of intersection with the rec-
tangle. The sloping lines, as well as the
four sides of the rectangle, are all tan-
gent to the ellipse. The hexagon,
RNTR'N'T’, enclosed between these
lines inside the rectangle is an excellent
approximation for the ellipse, as evi-
denced by Figure 5.

Formulas 6 through 11, when applied
to the data of Table II, give

K* = 18.919

W = 13391

Lm = 7.953 X 10~
Ly = 2.0693

m = 5.6b6 X 10-3
dy = 1.47

These values were used in construct-
ing Figure 5.

Confidence Band for Calibration
Line. The hyperbola shown in Figure
3 is obtained by adding to and sub-
tracting from the fitted wvalue, ,
corresponding to any given z, a

quantity depending on the distance
of this z from the average, z. This
quantity is

K \/N |:1 + “”JN?

Thus, the equation of the upper
branch of the hyperbola is

y=5+mx+
(x —x)*
K\/N[l+ A/

and the equation of the lower branch
is

(12a)

y =b4mz —
K\/N [1 + “J;Q] (12b)

The derivation of these formulas is out-
lined in the final section,

It is helpful to draw the asymptotes to
the hyperbola. The equations for the
two asymptotes are

y=3+7ﬁx+K»d%(z—5)
and

=3+m——K\/2—,(x—i) (13)

The quantity, K\j%f = Lp, has

already been calculated for the con-
struction of the ellipse.

If a confidence interval is desired for
corresponding to any given value of z,
say o, it may be determined by drawing
a vertical line through z = x. The de-
sired interval is the portion of that line
which falls between the two branches of
the hyperbola. Conversely, if a con-
fidence interval ig desired for z corre-
sponding to any given value of ¥, say yo,
it is determined by drawing a horizontal
line through ¥ = y. The desired in-
terval is the .portion of that line which
falls between the two branches of the
hyperbola. It has already been pointed
out that this procedure can be repeated
for any number of z and y values, with
the assurance that the probability that
all intervals will be jointly valid is never
less than the chosen tonfidence coef-
ficient. In many cases, the scale of the
graph will make it necessary to obtain
these intervals by computation rather
than graphically.

To judge the reliability of the calibra-
tion line over its entire range of ap-
plicability, it is useful to note that, for
the case of equally spaced values of z,
the length of the uncertainty interval for
y at both extremes of the calibration line
(extreme values for which measurements
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were made) iz approximately twice its
length at an « value near the center.

Application to the data of Table II
gives the following equation for the con-
fidence hyperbola

¥ = 6.99 4 1.00765z =
L T (z — 1923777
435 \/1‘() |:1 + e ] (14)

To show how this equation yields in-
formation shout the precision of the
calibration line

y = 6.99 4 1.00765z

let us calculate the uncertainty of a
value = “read”’ from the line for a value
of y = 250 mg. Substituting this value
in the equation and squaring, we obtain

(250 — 6.99 — 1.00765z)® =

‘ (& — 1943y
1.8919 [1 + ot ]

This quadratic equation in x has the
roots #; = 239.83 and z, = 242.48.

This interval of uncertainty reflects
only errors in the calibration curve and
does not include errors in the measure-
ment of y.

SOME THEQRETICAL CONSIDERATIONS

While the basic theory of joint con-
fidence regions has been known for a
number of years, its practical usefulness
seems to have been largely overlooked.
Textbooks on applied statistics either
ignore the issue entirely or treat it very
sketchily. The present discussion is an
attempt to fill this gap and to present
& concise outline of the theoretical ideas
and principles necessary to an under-
standing of the techniques already dis-
cussed in this paper. It is hoped that
this exposition will also throw some
light on the manner in which the various
principles are related to each other.

1. It is interesting to contrast prob-
lems involving two unkmown param-
eters, such as intercept and slope, with
problems involving a single parameter,
In the latter case, there is essentially
only cne possible confidence statement;
for example, if the parameter is the
slope, m, of a straight line, y = mx, pass-
ing through the origin, then the con-
fidence interval for y corresponding to
x = o is the range of values extending
from xgm t0 Zoms, where m; and m, are
the confidence limits for m. If another
value z’ had been considered, the cor-
responding confidence interval would be
proportional to the first, with a propor-
tionality factor, zo’/2e. Thus, all such
intervals are uniquely determined by
values m; and m. or by each other. The
joint confidence for any number of in-
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tervals thus obtained is therefore equal
to the confidence for each single one,
sinece any one interval determincs all
others.

On the other hand, in the case of two or
more parameters, such as the slope and
intercept of the line, ¥ = & -+ mz, a con-
fidence statement for y corresponding to
2o does not mathematically imply a con-
fidence statement corresponding to an-
other value z,’. Yor example, if it is
stated that for £ = 2, b + mz lies be-
tween & and 15—i.e.,

5<b+2m<1s

no statement can be inferred from these
inequalities for z = 3—i.e., for b - 3m.
Thus, if statcments of uncertainty are
made both for £ = 2 and z = 3, their
joint reliability will be less than that
corresponding to each statement taken
separately. If more values of z are con-
sidered, the joint reliability will further
decrease. The joint confidence ellipse
ensures that no matter how many indi-
vidual confidence intervals are derived
from i, the joint confidence of all these
intervals is never less than the selected
confidence coefficient, say 0.95.

2. The usefulness of the joint con-
fidence ellipse for slope and intercept in
the study of linear relationships was rec-
ognized by Working and Hotelling (17)
as early as 1929. Some aspects of their
paper appear to have been largely ig-
nored in subsequent writings. These
authors show that the totality of all
straight lines whose slopes and intercepts
correspond to points inside the ellipse—
i.e., the admissible lines—are contained
between the branches of a hyperbola,
and they point out that this hyperbola is
wider than the one corresponding to the
sampling errors in y for any particular z.
They consider the wider hyperbola as
setting limits for the ‘“sampling errors
of the trend line as a whole”” (17). How-
ever, the ellipse discussed by Working
and Hotelling involves the population
standard deviation of the experimental
errors, o, and therefore, does not allow
for sampling errors in the estimation of
the standard error of estimate, s. Nei-
ther do these authors consider the prob-
lem of determining the uncertainty of an
x value “‘read’”” from the calibration line
for a given y.

3. The latter problem is examined in
detail by Eisenhart (4). This author
summarizes the theory of confidence in-
tervals, based on Student’s ¢, for the
parameters of a straight line and the
uses of hyperbolic uncertainty bands for
the interval estimation of 2, given y, as
well as for y, given . It will be shown
that some of these problems can also be
treated by the method of joint con-
fidence regions underlying Working and
Hotelling’s “wider” hyperbola, leading
to more satisfactory solutions for some

types of applications than those based
on Student’s ¢,

4, A further aspect of linear regres-
sion is that of evaluating the uncer-
tainty of some given function of the
slope and the intercept, such as in the
viscosity problem described in an earlier
section. For functions that are linear
with respect to & and m, a general solu-
tion based on the joint confidence ellipse
is given by Durand (8). For functions
that are of the form, Li(bm)/Lq(bm),
where both I, and L, are linear, a solu-
tion is available using a theorem by
Fieller (5, 7), the basic principle of
which is concisely presented by Finney
(6). However, this solution is not based
on the joint confidence ellipse and suf-
fers, therefore, from the restriction that
only one conclusion can be drawn from
a given set of data, using a preselected
confidence coefficient.

5. The method presented in this
paper and illustrated by the viscosity
problem constitutes an entirely general
procedure. It contains as special cases
the treatment of linear functions by the
method of Durand (3), as well as those
nonlinear functions that can be covered
by Fieller’s theorem. Among the latter,
there is the interval estimation of z,
given y which, under the generalized
procedure leads also to the “wider”
hyperbola of Working and Hotelling
an.

The principle of the general method
is as follows: Given a set of data for a
straight line and any arbitrary function
of slope m and intercept b, say z = f
(bm), first determine the joint con-
fidence ellipse as described. Next,
consider any value of 2, say z,. For this
value, function z, = f(b,m) represents a
curve in the b,m plane. By varying z,
a family of such curves is obtained. A
confidence interval for z is then obtained
by collecting all numerical values of z
for which the corresponding curves in-
tersect the ellipse.

This procedure can be repeated for
any arbitrary number of functions of b
and m, using the same ellipse. Provided
that the functions contain no random
errors other than those affecting esti-
mates b and m, the confidence intervals
obtained will all be jointly valid with a
probability not less than the selected
confidence coefficient.

6. By the procedure that has just
been outlined, a single mathematical
operation yields the solution to both the
problem of determining a confidence
band for the regression line, as dealt
with by Working and Hotelling, and the
problem of determining confidence in-
tervals for y, given z, and for z, given

Y.
Identify 2 with the expression,
(y — b)/m—i.e., z—for a fixed value of ¥



This equation represents a straight line
in the b,m plane, The values of z for
which this line intersects the ellipse will
be contained between two values, say
21 and z,, for which this line is tangent to
the ellipse given by Equation 5. By
means of elementary analytical geom-
etry it can be shown that z; and . are
the solutions of the following equation in
z

(y — b — M) = K¥(Nz® — 25z + Q)
(15)

The interval extending from z; to z»
is, of course, a confidence interval for z
for the fixed value of y considered. On
the other hand, Equation 15 also repre-
sents a hyperbola entirely analogous to
the “wider” hyperbola obtained by
Working and Hotelling, but allowing for
sampling errors in the estimate, s, of .

If z had been identified with the ex-
pression, b + mz, the same identical
hyperbola would have been obtained.

" Thus, Equation 15 also yiclds confi-
dence intervals for y, given z. By re-
placing the quantity, Nz* — 28z + Q,
by its equivalent, N(z — 2)! + g, it is
easily verified that Equations 12a and
12b are merely a different way of writ-
ing Equation 15. Figure 3 is based on
these equations.

7. Fieller’s theorem (5-7) could have
been used to derive confidence intervals
for z, given y, as the expression ¢ =
(y—b)/mis of the form, L,(bm)/La(b,m),
with L, and L; linear. This technique
would have led to an equation éntirely
similar to Equation 15, with the sole dif-
ference that quantity ¢2s2 appears in the
place of K. As K? = 2Fs? the relation
between the solutions obtained by
Fieller’s theorem and the use of the el-

lipse is that of the use of { v5. \/3F.
This same relation applies also to the
comparison between the method de-
scribed by Eisenhart, based on Stu-
dent’s ¢, and that derived from the joint
confidence ellipse for confidence in-

tervals of y, given z. In fact, it can be.

shown that in all cases in which con-
fidence intervals can be derived on the
basis of Student’s £, they bear a constant
relaticnship to corresponding intervals
based on the joint confidence ellipse for
the slope and the intercept—namely,
that the length of the latter intervals is
longer by the ratio, ~/2F/t, For a con-
fidence coefficient of 0.95, this ratio
equals 1.295 for N = 10 and it de-
creases slowly to the limiting value,
1.247, as N increases indefinitely.

Against the disadvantage of the
method based on the joint confidence

“ellipse to yield somewhat longer con-

fidence intervals, one must weigh two
important advantages. In the first
place, as mentioned before, it is possible
by this method to obtain confidence in-
tervals for any function, linear or non-
linear, of b and m. Secondly, the con-
fidence intervals derived from the el-
lipse are all jointly valid, regardless of

_their number, with a joint confidence co-

efficient that is never less than the one
on which the ellipse is based.

8. While the general method de-
seribed above permits one to derive
from a single sct of data an unlimited
number of jointly valid confidence in-
tervals for y, given z, and for #, given y,
it fails to solve a twofold problem dis-
cussed by others (I, 2, 4, 12, 15) in con-
nection with linear regression: that of
predicting in what range a ‘‘future” y,
to be measured at a given z, will lie;
and conversely, the problem of evaluat-
ing the uncertainty of z corresponding to
a “future” y measurement. In both
cases, an error is involved that is not
accounted for in the joint confidence el-
lipse of slope and intercept—namely, the
error of a future y measurement. The
former problem is strictly speaking, not
concerned with confidence intervals,
because it deals with the uncertainty of
a random variable, not a population
parameter., The relation of intervals of
this type to classical confidence intervals
and application to a chemical example

- are described by Weiss (16).

The second problem, on the other
hand, is a genuine case of interval esti-
mation, and of particular interest to the
chemist. It can be solved by an exten-
gion of the method here described
through introduction of a three-dimen-
sional ellipsoid in place of the plane el-
lipse (10). . The solution thus obtained
does not allow for the treatment of more
than a single “future” measurement,
but it does permit the construction of an
unlimited number of jointly valid con-
fidence intervals involving the slope, the
intercept, and the “true” y correspond-
ing to the “future” measured y. The
method can be easily extended to in-
clude any finite number of “future”
meagurements.

9." Durand (3) notes that the use of
joint confidence regions for the deter-
mination of confidence intervals for
linear combinations of regression coef-
ficients is closely related to a technique
recently developed by Scheffé (14) and
extended by Roy and Bose (13) for ex-
amining simultaneously all combinations

of a number of observed means. The
general result derived by these authors
consists essentially in replacing ¢
with N — & degrees of freedom by
VkFr N — &, where N is the total num-
ber of measurements and k is the
number of parameters. The case dis-
cussed in this paper involves two
parameters: the slope and the in-
tercept. Making k = 2 in the general
formula, we find ~/2Fz,§ — 2 as the
quantity to be substituted for Student’s
t in the construction of confidence in-
tervals. Since we have already found
this relationship in comparing the
technique based on the joint confidence
ellipse with that based on Tieller’s
theorem in.a nonlinear case, it appears
that the relationship is more general
than is implied in Durand’s statement.
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Spectrophotometric Determination of

Copper in Titanium

ANDREW J. FRANK,* ARTHUR B. GOULSTON,? and AMERICO A. DEACUTIS
Watertown Arsenal Laboratories, Waterfown Arsenal, Waterfown, Mass.

P The chloroform-alcohol extraction
of a copper{l) neocuproine complex has
been used for the spectrophotometric
determination of copper in titanium.
Comparison photometric measurement
permits determination on o 0.5-gram
sample of 0.005 to 0.409% copper.
Accuracy is within 4% with a coef-
ficient of variation of 0.5 to 3%, de-
pending upon the level of absorbance.
Chromium(lll} is the sole metallic infer-
ference, and methods for the removal
of this interference are presented.

OMMERCIAL TTPANIUM may contain
G copper in amounts ranging from
tenths of thousandths to several per
cent, depending upon the type of ma-
terial and its history. A method for de-
termining copper in titanium is needed
for application to the several orders of
magnitude over which the concentra-
tion might range, None of the methods
previously reported as applicable to ti-
tanium samples (6) meets such a re-
quirement, with speed or accuracy.
Electrodeposition has been suggested
(2), but a large sample is required, and
preliminary separations must be made if
common alloying agents used in tita-
nium are present. Mikula and Codell
(14) have reported a polarographic pro-
cedure for the simultaneous determina-
tion of copper, nickel, and cobalt;
however, the useful concentration range
is 0.2 to 59 for each of the cornponents.
A spectrophotometric method would
probably be better suited to the broad
range of copper concentrations which
titanium materials present.

Of the many color-forming reagents
which have been proposed for the deter-
mination of copper, 2,2"-biquinoline (&)
and its structural analog, 2,9-dimethyl-
1,10-phenanthroline (neocuproine), ap-
pear to be the most specific, most sensi-
tive, and simplest to use. The excellent
results obtained by Gahler (8) in the
analysis of steels and by Crawley (?) on
tungsten materials have prompted the
selection of neocuproine for the present
investigation.

1 Present address, Metallurgy Division,
Denver Research Institute, University of
Denver, Denver, Colo.

z Present address,

Polaroid Corp.,
Walsham, Mags.
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The extraction of a copper(I) neocu-
proine complex into water-immiscible
alcohols has been shown to be specific
and independent of pH over a wide
range (16). Gahler (8) noted that, in ad-
dition to aiding phase separation, the use
of a mixed chloroform-ethyl alecohol
solvent -increases sensitivity, and the
mixed solvent has been applied here. An

“extension of the concentration range

over which the neocuproine method
might be applied has been sought by
means of comparison spectrophotom-
etry, the name applied to the practice
of making measurements against a ref-
erence solution containing a known con-
centration of the absorbing species. Fur-
ther study has been made of possible
metallic interferences.

The titanium samples which have
heen used for this investigation are ma-
terials which have been prepared and
distributed by Watertown Arsenal for a
program of cooperative analysis under
the direction of the Panel on Methods of
Analysis, Metallurgical Advisory Com-
mittee on Titanium, sponsored by the
Ordnance Corps. While these are by no
means standard samples—none are as
yet in existence for titanium—they are
in circulation among the cooperating
laboratories as reference samples. Their
present use will provide information on
materials of some definite interest and
utility.

APPARATUS AND REAGENTS

Absorbance measurements were made
in matched 13-mm. cells with a Coleman
Model 108 spectrophotometer, using a
fixed band width of 35 mu. A Leeds &
Northrup line-operated pH indicator
was coupled to the spectrophotometer as
a vacuum-tube voltmeter to act as the
photometric device.

he pH measurements were per-
formed with a Beckman Model G pH
meter or with Hydrion short-range pH
paper. The paper rcadings were ade-
quate for normal use.

2,9 - Dimethyl - 1,10 - phenanthroline
(neocuproine) was obtained from the G,
Frederick Smith Chemical Co., Colum-
bus, Ohio, and used as a 0.2% solution in
ethyl alcohol.

A solution containing 2.5 grams of re-
agent grade anhydrous copper(II) sul-
fate in 400 ml. of water, to which had
been added 20 ml. of sulfurie acid, 7 ml.

of nitric acid, and 0.1 gram of urea, was
electrolyzed at platinum electrodes.
The weighed copper deposit was
stripped from the cathode by 200 ml. of
hot water containing 10 ml. of nitric acid.
The dissolved copper was dituted to 1
liter, and aliquots were diluted to pre-
pare stock copper solutions of known
concentration.

National Bureau of Standards Sample.
No. 154 titanium dioxide, certified to
contain less than 0.001% copper, was
used in the preparation of a stock solu-
tion containing 2.96 grams of titanium
and 60 grams of ammonium sulfate per
liter.

A combined reducing reagent was
prepared from hydroxylamine hydro-
chloride and sodium citrate pentahy-
drate by dissolving 50 and 300 grams, re-
spectively, in water and diluting to 1
liter.

Because of evidence of copper con-
tamination in the local supply of dis-
tilled water, all reagents were prepared
with water which had been redistilled
from an all-glass apparatus: This same
redistilled water was used throughout
the investigation.

ANALYSIS OF TITANIUM SAMPLES

Dissolve a sample of suitable size, nor-
mally 0.5 gram, in a 600-ml. beaker with
a mixture of 80 ml. of water, 20 ml. of
sulfuric acid, and 5 ml. of fluoboric acid,
keeping the solution heated just below
the boiling point for about 0.5 hour.
After the sample has dissolved, add ni-
tric acid dropwise until the dark green
fluotitanate(1IT) color is discharged.
Add a few drops in excess, and warm
gently until all material is in solution.
Add 10 ml. of perchloric acid, and evap-
orate rapidly to dense fumes of perchlo-
ric acid. Add hydrochloric acid drop-
wise until orange fumes of chromyl
chloride cease to be evolved. Evaporate
rapidly to fumes of sulfur trioxide. (In
mixtures containing both perchloric and
sulfuric acid, it is a simple matter to dis-
tinguish between the appearance of per-
chloric acid fumes, which evolve first,
and those of sulfur frioxide.) Cool the
solution to room temperature; add 50
ml. of water and warm gently until salts
dissolve. Filter the solution through a
Whatman No. 42 paper into a 100-ml.
volumetric flask and wash the paper
with distilled water. When the solution
has cooled to room temperature, dilute
to the mark with water.

Withdraw a 25-ml. aliquot and trans-
fer it to a 150-ml. beaker. Add 10 ml. of



Table I
Sample Type
WA-2A 39 Al-5%, Cr
WA4 7% Cr-3% Mo—0.2% Fe
WA-5 10.5%, Cr-4.5%, Fe
WA-7 29, Cr-2.7% Fe-2.1% Mo~

0.1% W

WA-13 Iodide Ti
WA-44 2.3% 8n-0.159%, Fe
WA-66 Iodide Ti
AA-375°  Cu-Tialloy

Analysis of Watertown Arsenal Titanium Samples

Sample

Size, Aliquot
Grams Taken Cu Fourd, %
2.000 A 0.0030, 0. 0029 0.0029
0.500 /g 0.183,0.1 0.185
2.000 1/, 0. 0094 0. 0092 0.0092
0.500 /s 0.017,0.017, 0.016
4.000 A 0.0049, 0.0049, 0.0049
0.500 s 0.134, 0.133, 0.138
4.000 1/y - 0.0011, 0, 0011 0 0011
0.887 /1000 8.68, 868, 8.7

a Not a WA sample, but included to permit examination of high copper alloy. Copper

in sample, 8.72%,.

Table II.
Sample® Type
WA-66 Iodide Ti 4+ 0.0136
gram Cu added
WA-4 Cr-Mo alloy

a 10-gram samples used.

Direct Electrolytic Determination of Copper in Titanium Samples

% Cu

% Cu Found Anticipated
0.137, 0.135, 0.136 0.137¢
0.163, 0.165, 0.158 0.183¢

0.161, 0.164, 0.185

& Direct addition of standard copper solution to solution of sample containing 0.00119;,

copper from Table 1
< Photometric value from Table I.

the hydroxylamine-citrate solution. Ad-
just the pIl between 4 and 6 by drop-
wise addition of ammonia. Transfer
the solution to a 125-ml. separatory fun-
nel. Add 10 ml. of 0.29% neocuproine
solution in ethyl alcohol. Extract with
10 ml. of chloroform, shaking for about
30 seconds, Draw off the chloroform
layer into a 25-ml. volumetric flask con-
taining 2 or 3 ml of absolute alcohol.
Repeat the extraction of the agueous
phase, first with a 3-ml. and then a 2-ml.
portion of chloroform, and collect the
chloroform layers in the volumetric

flask. Dilute to volume with absolute
alcohol and mix well.

Prepare a suitable reference solution
by carrying either a reagent blank or a
standard amount of copper through the
above procedurc. Measure the absorb-
ance of the unknown solution at 452 mg
as compared to the reagent blank or cop-
per reference. Determine the copper
concentration of the extracts from an
algebraic or graphic calibration prepared
by carrying known amounts of copper
through the procedure.

As Beer’s law is obeyed in the region

where & comparison copper reference
may be employed, the absorbance meas-
ured against a copper reference repre-
sents the copper content of the unknown
in excess of that present in the ref-
erence solution.

The results obtained on the Water-
town Arsenal titanium su,mples are
shown in Table 1.

CONFIRMATORY EXPERIMENTS

In the absence of reliable information
with which to compare the photometric
results, additional data were sought.
Direct electrolysis was attempted on a
chrome-molybdenum  titanium alloy
(WA-4) immediately after dissolution.
An iodide titanium sample was treated
similarly, except that an increment of
copper was added to the dissolved
sample. The data, which are summar-
ized in Table II, indicate that direct
electrolysis is not feasible when alloying
elements are present. Preliminary
separatjons prior to electrodeposition of
copper would probably introduce larger
errors than does the photometric method.

The only practical means of confirm-
ing the photometric result appeared to
lie in the method of standard addition.
Known amounts of copper were added to
aliquots of samples previously analyzed,
and the total copper was determined
photometrically. The recoveries shown
in Table III agreed with anticipated
totals within 3%,

EXPERIMENTAL STUDY

The suitability of the wide-band spec-
trophotometer was tested on chloro-
form—ethyl alcohol extracts of the cop-
per(I) neocuproine complex. Where-
as narrow-band width measurement

Table lll.  Test of Validity of Analysis of Watertown Arsenal Titanium Samples
%
Copper, Mg. Transmit- Absorbance, Cu? Found, Error,
Sample* Added Present tance 4 Mg. %
WA-13 0 0.0123
(0.0049%,) 0.0117 0.0240 68.7 0.163 0.0245 +2.1
2.5 X 1/10 0.0234 0.0357 57.5 0.240 0.0361 +1.1
0.0585 0.0708 34.6 0.461 0.0693 -2.1
WA-5 0 0.0364 57.1 0.243 0.0366 +0.6
(0.0093%) . b67.4 0.240 0.0361 —0.6
4.0 X 1/10 0.0091 0.0455 49.8 0.303 0.0456 +0.2
49.8 0.303 0.0456 +0.2
0.0272 0.0636 39.3 0.406 0.0611 —-3.9
39.0 0.409 0.0616 —-2.5
0.0453 0.0817 29.8 0.526 0.0792 -3.1
29.8 0.526 0.0792 —3.1
WA-7 0 0.0676 35.4 0.451 0.0679 +0.4
(0.017%) 35.7 0.447 0.0673 —0.4
4.0 X 1/10 0.0091 0.0767 32.1 0.494 0.0744 —2.4
31.8 0.498 0.0751 —-1.3
0.0272 0.0948 24.2 0.616 0.0928 —2.1
24.2 0.616 0.0928 —2.1
0.0453 0.1129 18.4 0.735 0.1106 -2.0
18.7 0.728 0.1097 —2.8

@ Includes sample number, copper content from Table I, sample wexght in grams, and aliquot size.
b Divide absorbance by experlmental slope of the Beer’s law curve (6.64
< Equals copper found less copper present divided by copper present.
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showed the absorbance maximum to be
at 457 mpu (8), the use of the wide-band
spectrophotometer provided maximurn
absorbance at a nominal wave length of
452 myu. This setting was used in sub-
sequent measurements.

Beer’s law is obeyed whether the cop-

- per is extracted from a simple aqueous
solution or from the titanium stock solu-
tion. The slope of the curve (the ab-
sorbance produced by 1 mg. of copper in
25 mi. of the extract) is 6.64. This
value was used in subsequent calcula-
tions of concentration.

The extraction of copper is unaffected
by pH within the range from 3 to 9.
For the present study, a pH of 4 t0 5
was chosen to avoid hydrolysis of the
titanium-citrate solution, although strict
pH control was found to be unneces-
sary.

Comparison Photometric Measure-
ments. Direct photometric measure-
ments are limited to concentrations of
absorbing species such that the absorb-
ance produced lies within the range of
accurate photometric measurement; (3,
15). By use of the comparison photo-
metric method, wherein absorbance
measurements are made against a mod-
erately absorbing reference, the instru-
ment is used to measure only the absorb-
ance difference between the sample and
the reference solution. In addition to
an extension of the concentration range
over which a photometric method may
be applied, increased accuracy and pre-
cision result from the effective length-
ening of the photometric scale (8, 4, 10,
11, 18). Additionally, operations other-
wise required to regulate the amount of
absorbing species may be eliminated.
This simplifies procedures and elimi-
nates extra steps which might introduce
manipulative errors.

For application of comparison meth-
ods to the determination of copper, solu~
tions containing 0.06385, 0.1270, 0.1905,
and 0.2540 mg. of copper were ex-

tracted with neocuproine, and the ab-
sorbance of each extract was deter-
mined against the next lower in concen-
tration, with a reagent blank used for
the lowest concentration. The extract
containing 0.190 mg. of copper was the
highest in concentration for which the
transmittance of the spectrophotometer
could be set at 100%. The results
(Table IV) show that Beer’s law is still

copper by making it unavailable to the
color reagent. The absence of inter-
ference by some 50 diverse metal ions at
the 50-y level was shown by Luke and
Campbell (12). The present authors
felt that interferences might be noted at
the higher ratios of alloying element to
copper likely to be encountered in tita-
nium materials.

Of the metallic elements commonly

Table IV. Conformance to Beer’s Law; Measurement Against Absorbing
Reference Solution

Total Cu, Reference Cu,»
Mg. Mg.
0.0635 0
0.1270 0.0635
0.1905 0.1270
0.2540 0.1905

Absorbance, Slope,

AC? A A/AC
0.0635 0.418 6.58
0.0635 0.427 6.72
0.0635 0.421 6.63
0.0635 0.426 6.71

Av. 6.66
¢ = +0.07 or 1.05%

2 Reference solution of reagent blank containing indicated added copper.
b Difference in copper content of sample and reference solution, mg. copper per 25 ml.

obeyed at these higher concentrations of
copper.

A series of solutions was prepared,
each containing 0.2 to 0.4 mg. of copper,
and the absorbance of these solutions
was determined with reference to the
copper extract containing 0.190 mg. of
copper. A duplicate series was pre-
pared, and the copper content of one-
fifth aliquots was determined directly
againgt & reagent blank. The results
obtained by comparison photometry are
contrasted in Table V with those found
by dilution.

Interference Study. According to
Smith and MecCurdy, copper is the
only metal ion extracted under the
conditions of the neocuproine pro-
cedure. Gahler has shown that sul-
fide, cyanide, and large amounts of
phosphate prevent complete recovery of

found in titanium alloys, the following
were examined: iron(III), aluminum,
chromium(ITI), manganese(II), molyb-
denum(VI), and vanadium(IV). To
each of a series of solutions containing
0.06 mg. of copper was added 15 mg. of
one of the metals to be studied (each as
the chloride or sulfate except for the use
of ammonium molybdate). When the
extraction procedure was performed
without acid fuming, complete recovery
of copper was found except in the case
where chromium(IIT} was present.

To determine the effective level of
chromium interference, successively
larger quantities of chromic chloride
were added to solutions each containing
0.06 mg. of copper. The recovery data
presented in Table VI indicate that only
2 mg. of chromium may be tolerated in
the final aliquot. In the presence of

Table V. Comparison Method vs. Dilution Method

~ Comparison® Dilution®
Ju, Mg, Absorbance, Mg. Cu Absorbance, Mg. Cu
Present A found A found
0.227 0.245 0.227 0.290 0.218
0.243 0.227 0.292 0.220
0.248 0.228 0.292 0.220
0.272 0.530 0.270 0.351 0.264
0.536 0.271 0.349 0.263
0.535 0.271 0.354 0.266
0.317 0.830 0.315 0.415 0.312
0.821 0.314 0.419 0.316
0.836 0.316 0.412 0.311
0.363 1.056 0.349 0.480 0.361
1.046 0.348 0.484 0.365
1.046 0.348 0.482 0.362

¢ Comparison reference solution made by carrying solution containing 0.190 mg. of copper through extraction procedure.
¢ Original solution diluted fivefold to permit transmittance to lie in 10 to 909 range.
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40%, alcohol

larger amounts of chromium, and as a
routine precaution, the solution must .
be fumed with perchloric acid and
chromyl chloride must be evolved on
dropwise addition of hydrochloric acid.

Because chloroform-neocuproine ex-
tracts of chromium(III) solutions show
no absorbance and give no qualitative
test for chromium, spectral studies were
performed on 40% alcohol solutions of
chromium(III) chloride and neocup-
roine. The absorbance of such solutions
was determined against a reference con-
taining an equal concentration of neo-
cuproine in 40% alcohol. Chromium
(III) chloride at the concentrations em-
ployed shows zero absorbance over the
entire wave length region available to
the Coleman spectrophotometer. The
absorption curves presented in Figure 1
show that chromium-neocuproine inter-
action occurs in the aqueous layer only,
making less of the color-forming reagent
available to copper.

DISCUSSION

While many methods have been used
to dissolve titanjum, the sulfuric-fluo-
boric procedure described here has been
found to be the most rapid and the least
likely to lead to hydrolytic separation of
titanium.

The procedure developed by Gahler
for the determination of copper in steel
applies equally well to titanium ma-
terials, and, as many investigators un-
doubtedly suspect, it appears to be a
universal method subject only to the
anion interferences noted by Gahler and
that due to chromium, as reported
here.

The interference from chromium is
somewhat anomalous in that it does not
oceur in the presence of large amounts
of iron. NBS samples 101¢ and 153,
containing 18 and 49, chromium, re-
spectively, have been analyzed in this

Absorption specira of chromium(lll} neccuproine complex in

Table VI. Extent of Interference by
Unremoved or Uncomplexed Chromium
Cu
__ Cr Added® Recovered,
Mg. % %°
0 0 100
1 0.8 100
2 1.6 99
4 3.2 95
5 4.0 20
10 8.0 80
15 12.0 77
20 16.0 66
25 20.0 59
15¢ 15.0 97

- * Caleulated as ‘per cent chromium
present in 25-ml. aliquot of 500-mg.
titanium sample made up to 100 ml.

® Based on 0.0585 mg. of copper added.
. ¢ Chromium removed by volatilization
as chromyl chloride.

laboratory with and without the volatil-
ization of chromium. The results were
0.122 and 0.097%, copper, independent
of ‘the presence of chromium, as com-
pared to certificate. values of 0.124 and
0.097%, respectively. Neither the
minimum amount of iron required to
suppress chromium interference nor the
mechanism by which this oceurs have
been determined.

Chromium interference also may be
avoided by addition of sulfurous acid
prior to reduction of copper with hy-
droxylamine (9). As the mechanism for
the interference of chromium involves
chromium(III), reduction of chromium
(VI) appears to be incidental to the ac-
tion of sulfite in this instance. Sulfite
complexes of chromium(III) have been
described (1), and it is believed that the

formation of such complexes prevents .

interaction of chromium(III} with neo-
cuproine, While sulfurous acid could be
used to prevent interference from chro-
mium in the analysis of titanium, the

authors prefer to remove the interfer-
ing species.

All results obtained in this investiga-
tion have been used to determine the
precision of the method at several levels
of absorbance. The standard devia-
tion, expressed percentagewise as the
coefficient of variation (v), varies ac-
cording to the_error function predicted
for photometric measurement against a
nonabsorbing refetence solution (11).
For absorbance in the range of 0.4, » is
approximately 0.5%,; » rises to as much
as 39, at absorbances of 0.1, and 2.5%
at absorbances 0f 0.8. When absorbance
is measured by the comparison photo-
metric technique, v lies between 0.5 and
1.2%. An improvement in precision at
high and at low absorbances could be
obtained by using an instrument with
greater sensitivity and stability in the
photometric scale.

The accuracy of the method, as de-~
termined by recoveries of standard addi-
tions, is within 3%. Results on syn-
thetic solutions were accurate to 19,
except in the example where the ab-
sorbance was greater than 1 and the re-
sultant error was approximately 4%.
The application of precision photometry
permits the determination of copper
from 0.005 to at least 0.4%, by a rapid,
simple, and accurate procedure.” Varia-
tion of sample size extends the appli-
cability to the range from 0.0001 to more
than 1% copper.
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Spectrophotometric Determination of Iron
with 2-Fluorobenzoic Acid

E. B. BUCHANAN, Ir.}, and WALTER WAGNER
Department of Chemistry, University of Detroif, Detroit 21, Mich.

P The color of the water-soluble ame-
thyst complex formed by the reaction
of ferric ions with 2-fluorobenzoic
acid can be used as the basis of a
spectrophotometric method for the
determination of iron. The effect of
pH, concentration of reagents, and the
presence of diverse ions are discussed.
Results similar to those obtained by the
salicylic acid method for the deter-
mination of iron can be expected, with
the advantage that only the farric
ion reacts.

HE REACTION between ferric ions

and an organic compound contain-
ing a phenolic group generally results
in the production of a colored complex.
Mehlig has made use of the complex
formed between salicylic acid and ferrie
ions for the quantitative determina-
tion of iron (2, 3). According to Wel-
cher, the reaction between sodium sali-
cylate and iron in an acetic acid solu-
tinn is not restricted to the ferrie ion;
an identical color is also obtained with
ferrous ion (4). Inastudy of the hydro-
gen bonding within 2-fluorobenzoic acid,
Whittaker noted that this reagent pro-

duced an amethyst color with ferric

ions similar to that produced by sali-
cyelic acid (5). As this color is not
affected by the presence of ferrous ions,
an investigation was undertaken to
determine the possible application of
this reagent to the quantitative deter-
mination of iron.

APPARATUS AND REAGENTS

A Beckman Model DU spectro-
photometer operating on a band width
of 0.05 mp and utilizing 1-cm. cells was
employed for all spectrophotometric
measureroents. A Coleman Model 3D
pH meter was used for all determina-
tions of pH.

The 2-fluorobenzoic acid, prepared
according to Blatt (1), was purified by

1 Present address, Iowa State College,
Ames, Iowa.
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iron complex

steam distillation and recrystallization
from water to give a product with a
melting point of 126° C. A saturated
solution was prepared by dissolving 7
grams of the reagent in 1 liter of warm
water and cooling to room temperature.

The standard tron solutions were pre-
pared by dissolving 100 mg. of electro-
Iytic iron in hydrochloric acid. The
iron was then oxidized to the trivalent
state by the addition of bromine water,
the excess of which was removed by
boiling. The solution was then diluted
with water until the weight of the entire
golution was 1 kg.

The ammonium formate solution was
prepared by dissolving 75 grams of the
salt in 1 liter of water.

METHOD FOR IRON

In Absence of Interfering Sub-
stances. Add 20 ml. of the reagent
solution to the unknown solution
which contains between 0.1 and 1
mg. of iron. Destroy the resultant
color by the dropwise addition of
concentrated hydrochloric acid, then
add 5§ ml. of the ammonium formate
solution and dilute to 50 ml. with
water.

Measure the absorbance of the system

Absorption spectra of 2-fluorobenzoic acid and its

at 525 mp using distilled water as a
blank. Convert the absorbance read-
ing to iron concentration by means of a
previously prepared calibration curve.

EXPERIMENTAL

The absorption spectra (Figure 1)
indicate that the wave length of maxi-
mum absorption by the complex and of
minimum absorption by the reagent is
525 myg. This wave length was used,
therefore, for all absorbance measurc-
ments,

Effect of pH on Degree of Com-
plexation. Experiments showed that
the pH of the solution had a consider-
able effect upon the degree of com-
plexation. To determine the pH
which would give maximum absorp-
tion by the complex, several solutions
containing identical quantities of iron
were prepared, and 20 ml. of 2-
fluorobenzoic acid solution were added
to each. The resulting color was just
destroyed by the dropwise addition of
concentrated hydrochloric acid, then
restored by the addition of varying
amounts of ammonium formate solu-



tion. Each solution was then diluted
to 50 ml. and the pH and absorbance
were measured. Figure 2 indicates
that the pH range of 3.0 to 3.5 is most
suitable for quantitative determinations
of iron, Within this pH range and in
the presence of an excess of reagent, the
color of the complex was stable for 24
hours. ’

Beer’s Law. In order to deter-
mine the applicability of Beer’s law to
this complex, solutions of known iron
concentration were prepared from
the standard iron solution in a series
of 50-ml. volumetric flasks. The solu-
tions were treated as for the pH study,
except that the color was restored by
the addition of 5 ml. of the ammonium
formate. At 525 myu maximum absorb-
ance was obtained when 20 ml. of the
complexing reagent was used. The

complex follows Beer’s law for concen-

trations from 0 to 20 p.p.m. of iron.

An average value of 27.7 was obtained
for the absorptivity. On the basis of
the assumed formula, CgH;,0.F;Fe
(molecular weight, 473), a value of
13,100 was obtained for the molecular
extinction coefficient.

-4

A ‘c %= be

0.0200 0.00062 32.25

0.1500 0.00562 26.87

0.3010 0.01154 26.08

0.4179 0.01606 26.02

0. 5200 0.2000 26.00

0.0400 0.00129 28.77

Av. 27.66

27.7 X 473 = 13,100

Effect of Diverse Ions. To deter-

mine which of the more common ions
interfere, the method described above
was used, except that the ion under
investigation was added prior to the

300

—

™~
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[N
=
3

—

|

1.0 2.0 3.0 4.0 5.0
pH

Figure 2. Effect of pH on absorbance
of iron complex

Table I. Noncolored Interfering lons
Ton Type of Interference

.‘A&*‘ Ppt.
Al+++ Forms colorless complex
AsQ,~ Forms colorless complex
Bitt+ ot.

O Forms colorless complex
Hg,*+ Ppt.
Nb +s Ppt.
Pp++ Ppt.
PO~ Forms colorless complex
Si0, 4 o]
Sn+e Ppt
Ta+8 Ppt
Th+ Ppt.
Ti+t Forms yellow complex
U0, *++ Forms orange complex
VO;~ Forms yellow complex

|
reagent. Although the absorbance of

colored ions in the solution .can be
compensated for by using a blank
solution containing this ion, their
presence makes the adjustment of the
pH difficult. Table I lists such ions,
as well as noncolored interfering ions.

STRUCTURE OF COMPLEX

A possible structure of the complex
was determined by assuming that it
was the 2-fluorobenzoate anion, which
complexed with the iron and not the
free acid. The degree of complexation
would then be a function of the pH of
the solution and the equilibrium con-
stant for the reaction would be expressed
as follows:

zHBz + Fe**+ — zH* -+ complex

_ [H*]*. complex a
~ [Fe**+].[HBz [

K

where z is the combining ratio and HBz
represents the 2-fluorobenzoic acid.
Upon rearranging the terms and taking
the logarithms of each side, the equa-

_ tion reduces to the following:

log complex =
—zpH + log(K)(Fe***)}HBz)* (2)

If the conditions of the experiment are
such that the changes in the molar con-
centration of the iron and the 2-fluoro-
benzoic acid are small in comparison
with their concentrations, then the
second member of the right side of the
equation becomes a constant and the
equation reduces to that of a straight
line. The slope of this line is then the
combining ratio of the iron and the
2:fluorobenzole acid. TFurthermore, as
the absorbance values are proportional
to the molar concentration of the com-
plex, absorbance can be substituted for
the molar concentration. When these
simplifications and substitutions are
made, the equation then becomes:

log A, = —2pH + C (3)

In a highly acid solution, where the
changes in the molar concentration of

the iron and the 2-fluorobenzoic acid
are negligible, the curve obtained is a
straight line with a slope of 2.9. This
value is close enough to 3 to consider
that 3 moles of the 2-fluorobenzoate ion
are combined with 1 mole of the iron.

RESULTS

Several NBS samples were analyzed
by this method. Samples of brass,
glass, and fluorspar were taken to pro-
vide a variety.

The glass was prepared for the analy-
sis by treatment with perchloric and
hydrofluoric acids (6). The residue
from the evaporation was moistened
with hydrochlorie acid, taken up in dis-
tilled water, transferred to a volumet-
ric flask, and diluted to volume. Ali-
quots of this solution were then pipetted
into 50-ml. volumetric flasks and the
color was developed. The fluorspar
samples were treated in the same manner
except that it was not necessary to add
hydrochloric acid.

The brass samples were treated with
nitric acid, and the tin was removed as
metastannic acid. The filtrate was

Table Il. Results of Analysis of NBS
Samples
% Iron
Sample Present Found
Sheet brass 0.076 0.075
37D 0.076
0.074
Cast bronze 0.032 0.033
52B 0.032
0.033
Ounce metal 0.26 0.24
134B 0.25
0.25
%, Tron(III) Oxide
Present Found
Fluorspar 0.15 0.15
79D 0.16
0.16
Glass 0.076 0.077
93 0.077
0.076
Table lll. Precision of Method by Ten
Determinations on Same Sample
% Fe:Qs Dev. from
Found Av.
2.56 +0.01
2.51 —0.04
2.53 —0.02
2.54 —0.01
2.57 +0.02
2.57 +0.02
2.55 0.00
2.54 —0.01
2.55 0.00
2.53 —0.02
Av. 2.55 —_—

Fe:0; by —
titration, 9% 2.57
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then treated with amumonium hydroxide
and the resultant precipitate, containing
the iron, was washed free of copper. The
precipitate was dissolved from the paper
and the solution evaporated almost to
dryness to remove the excess acid. The
cooled solution. was then filtered into a
volumetric flask and the color developed
in the manner indicated earlier.

The results of these analyses are
listed in Table IT.

PRECISION

The precision of the method was
tested by analyzing 10 samples of a

cement by the method outlined above
for the determination of iron in glass.
The results of these analyses are pre-
sented in Table ITI. A statistical analy-
sis of the data indicates that this
method is capable of results with a max-
imum deviation from the mean of 0.04%,
and an average deviation of 0.02%.
Expressed in terms of the amount pres-
ent, the average deviation is 0.8%.
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Spectrophotometric Determination of Uranium with
Thiocyanate in Butyl Cellosolve=Methyl Isobutyl
Ketone=Water Medium

OSCAR A. NIETZEL and MICHAEL A. De SESA

Raw Mdalerials Development Laboratory, National Lead Co.,

B A spectrophotometric method for the
determination of uranium in ores and
leach liquors consists of separation of
vranivm from interfering ions by ex-
traction into methyl isobutyl ketone,
using aluminum nitrate as a salling
agent, followed by development of
tha color in a portion of the extract
with o solution of ammonium thio-
cyanate in a butyl Cellosolve—water
salvent. The yellow uranyl thiocyanate
complex forms immediately, and the
color is stable for at least 48 hours,
The optimum range of uranium con-
centration at 375 mu is from 04
to 2.0 mg. of uranium oxide {U;Os)
in the sample aliquot. The coefficient
of variation of absorbance measure-
ments on standard solutions at 375 mu
was 0.34%. Titanium is the only
serious interference, but procedures
are given which make it possible to
analyze samples confaining as much
as 5 mg. of titanium in the sample
aliquot.

VARIOUS modifications of the spectro-
photometric determination of ura-
nium with thiocyanate have been pro-
posed. Currah and Beamish (4) first
used thiocyanate as a colorimetric
reagent for the determination of ura-
nium. The yellow urany! thioeyanate
color was developed in an aqueous solu~
tion, and stannous chloride was recom-
mended to prevent the interference of
iron(III). Nelson and Hume (i%), who
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inc., Winchester, Mass.

examined the procedure with respect to
errors inherent in the analytical method
and possible interferences, developed a
more reproducible and sensitive method.
Henicksman (17) made a thorough
investigation of interferences and first
recognized the serious interference of
vanadium.

Although the method may be applied
to the analysis of certain materials,
such as monazite concentrates (20),
without preliminary separation of the
uranium, most of the recent papers
have been concerned with the removal
of anionic and cationic interferences.
Crouthamel and Johnson (2) found that
the stannous chloride reductant, in
the presence of uranium and ammonium
thiocyanate in aqueous solution, gen-
erated an interference peak around
375 p, which became more serious as the
thiocyanate solution aged. By develop-
ing the colorin an acetone-water solvent,
Crouthamel and Johnson were able to
inhibit this attack of thiocyanate by
stannous chloride. The use of an
acetone-water solvent eliminated the
majority of the anionic interferences
in the aqueous thiocyanate method,
increased the sensitivity, enhanced the
stability of color, and made the correct
color development independent of pH
in the acid region. However, several
elements, such as vanadium and tita-
nium, cannot be tolerated.

The extraction of the colored uranyl
thiocyanate complex into amyl aleohol

or ethyl ether in order to eliminate some
of the interferences was recommended
by Gerhold and Hecht (?), and dibutoxy
tetraethylene glycol has recently been
used in a similar manner (18). The
ethyl acetate extraction of uranium
from a nitrate solution, first recom-
mended by Grimaldi and Levine (9),
has been utilized in several procedures
which involve recovery of the uranium
from the ethyl acetate phase and
determination with thiocyanate in water
(8, 10) or in an acetone medium (6).

A method (6§, 13) for the analysis of
uraniferous ores and leach liquors
consists of extraction of the uranium
from an aluminum nitrate solution into
ethyl acetate, followed by color develop~
ment in a portion of the ethyl acetate
extract with a solution of ammonium
thiocyanate and stannous chloride in an
acetone-water solvent.

This method offers several advantages.
over the other reported modifications of’
the determination of uranium with thic-
cyanate. Interferences are eliminated
by the preliminary separation of ura-
njum more efficiently than by extraction
of uranyl thiocyanate after the color
development. Less time is required
than for other procedures involving a
preliminary extraction separation, be-
cause the color is developed directly
on the extract. Higher sensitivity is.
obtained in the acetone—ethyl acetate—
water solvent. A slightly modified
version of this method has been used at:



the Oak Ridge. National Laboratory
(19), and from the University of Utah it
was reported (16) that “highly accurate
results may be quickly obtained by this
procedure.”

However, this procedure has several
limitations. The chromogenic reagent
is stable for only 3 hours and is usually
prepared no more than 1 hour before
use. The yellow color of the uranyl
thiocyanate complex is stable for only
10 minutes and becomes more intense
on standing. While the increase
amounts only to 3% after 1 hour, this
behavior Lmits the number of samples
which can be prepared at one time.
The procedure is not applicable when
the sample aliquot contains more than

2 mg. of vanadium, because the tolerable .
limit of vanadium is exceeded, and:

most alkaline leach liquors require
an initial neutralization with nitrie

acid for guantitative extraction of
The ace- .

uranium into ethyl acetate.
tone-ethyl acetate-water solution of

ammonium thiocyanate tends to creep .

in the cells and volatilizes to leave a
residue of ammonium thiocyanate
around the edge of the absorption cells.

This paper describes the experimental
work leading to a revised method, in
which all the previous difficulties are
eliminated. The substitution of butyl
Cellosolve for acetone in the chromo-
‘genic reagent reduces the volatility of
the colored solution and eliminates the
creeping of the solution in the absorp-
tion cells. Instead of stannous chloride,
ascorbic acid is used as the reducing
agent. As a result of using a milder
reducing agent, the chromogenic reagent
and the colored solutions do not deterio-
rate for at least 48 hours. The tolerable
limit of vanadium is greatly increased,
as the seriously interfering vanadium-
(I1I) species is not formed in the colored
solution. The use of methyl isobutyl
ketone as the extractant for uranium
results in a more selective separation
from other cations and makes it possible
to analyze alkaline leach liquors directly
without prior neutralization.

After this work was essentially com-
pleted, Paley (14) reported a similar
procedure in which the uranium is
extracted into methyl ethyl ketone and
the color is developed by mixing the
organic phase with a solution of am-
monium thiocyanate and ascorbic acid
in acetone. However, in his procedure,
two extractions are required and it is
advised that the color intensity be
measured within 30 minutes. Vana-
dium, titanium, bismuth, and molyb-
denum are extracted and interfere, so
that special separations arc required.

APPARATUS AND.REAGENTS

All quantitative measurements were
made with the Beckman Model DU

spectrophotometer using l-cm. Corex
and silica cells.

The extraction scparations were per-
formed in 40-ml. vials, 4.26 inches long
and 1 inch in diameter. Although the
vials were washed and re-used, the
screw caps, which are lined with alum-
inum foil, are so inexpensive that they
may be discarded after use. The
extractions were performed on a variable-
speed, box-carrier shaking machine,
whose platform was fitted with a wooden
insert to hold the vials in a horizontal
position.

Machlett Autopipets, 15- and 20-ml
capacity, were used to deliver the
chromogenic reagent and the extract-
ant.

Standard uranium solutions were
prepared from MS-ST grade uranium
oxide (UjQs) dissolved in perchloric
acid.

The salting agent was prepared in a
4-liter beaker by slowly heating a mix-
ture of 500 ml. of deionized water and
1880 grams of reagent grade aluminum
nitrate nonahydrate, obtained from the
J. T. Baker Chemical Co. The solu-
tion was cooled slightly, 200 ml. of 1
to 1 ammonium hydroxide were slowly
added, and the mixture was stirred
until the precipitate dissolved. After
cooling to room ftemperature, the solu-
tion was diluted to 2 liters with deion-
ized water. The salting agent for

: samples containing titanium was pre-

pared in a similar manner; however,
before diluting to volume, 60 grams of
reagent grade tartaric amd were dis-
solved in the mixture, 60 ml. more of

+1 to 1 ammonium hydroxide were

added, and the mixture was stirred

" until the precipitate dissolved.

The chromogenic reagent was pre-
pared by dissolving 46 grams of reagent
grade ammonium thiocyanate, obtained

from Baker and Adamson, and 2 grams

of reagent grade l-ascorbic acid in a
solution of 11 parts of butyl Cellosolve

and 4 parts of water to a final volume
of 150 ml

- Purified grade butyl Cellosolve (cthyl-
ene glycol monobutyl ether) and methyl
isobutyl ketone were used as solvent
and extractant, respectively.

RECOMMENDED PROCEDURE

Aqueous samples are diluted to a
concentration of 0.2 to 2.0 grams of
uranium oxide (Uz0g) per liter if absorb-
ance measurements are to be made at
375 my, or analyzed as received if the
absorbance measurements are to be
made at longer wave lengths. Organic
samples, such as those from solvent
extraction studies, are best treated by
stripping the uranium into aqueous
carbonate solution before proceeding
with any dilution. Ore and concen-
trate samples are decomposed by any
suitable method and diluted to a con-
venient volume after neutralizing any
large amounts of caustic or acid.

An aliquot of the sample (no more
than 3 ml.) is transferred into a 40-ml.
vial. If the sample is strongly acid or
alkaline, or is in a concentrated buffer
solution, especially  carbonate-bicar-

bonate, the pH is adjusted to 0 to 3
by the dropwise addition of nitric acid
or concentrated sodium hydroxide.
Approximately 15 ml. of the appropriate
aluminum nitrate rcagent are added,
followed by exactly 20 ml. of methyl
isobutyl ketone. The vialis capped and
shaken for 2 minutes. The organie
and agueous phases are completely
separated by centrifugation. Ten milli-
liters of the organic phase are trans-
ferred by pipet into another vial, and
15 ml. of the chromogenic reagent are
added. The vial is capped and the
solution is mixed well. A reagent blank
is prepared in the same manner as the
samples, The absorbance is measured
against the reagent blank at 375 mg
(slit width, 0.10 mm.) or, if the absorb-
ance is greater than 1.0, at 420 mpy (slit
width, 0.060 mm.).

EXPERIMENTAL

Color Developing Reagent. During
the investigation of a spectropho-
tometric procedure for the deter-
mination of molybdenum with thio-
cyanate (21), it was observed that a
butyl Cellosolve—water solvent had
several properties which made it superior
t0 the acetone-water solvent used in the
similar determination of uranjum with
thiocyanate. The butyl Cellosolve—
water solvent exhibited no tendency to
creep in the absorption cells, the solvent
did not volatilize appreciably, and the
stability of the molybdenum(V) thio-
cyanate color was enhanced. It seemed
that butyl Cellosolve might be profit-
ably substituted for acetone in the prep-
aration of the chromogenic reagent for
the determination of uranium.

A mixture of at least 11 parts of butyl
Cellosolve to 4 parts of water forms a
homogeneous solution with 10 ml of
the ethyl dcetate used to extract ura-
nium from the sample aliquot. The
greater the water concentration in the
Cellosolve-water mixture, the more
ammonium thiocyanate can be dissolved.
A mixture of 11 parts of butyl Cello-
solve to 4 parts of water was chosen
as the solvent for the ammonijum thio-
cyanate reagent for all future work.

Ten-milliliter aliquots of an ethyl
acetate solution containing 0.025 gram
of uranium oxide (UyOs) per liter as
uranyl nitrate were added to 15 ml. of
the solvent containing 0.67% (w./v.) of
stannous chloride and various concen-
trations of ammonium thiocyanate.
The intensity of the resulting color was
measured against a blank of similar
composition at 375 mu. The following
results were obtained:

M NHSCN 1 2 3 4

Absorbance 0.134 0.157 0.173 0.186

A 4M solution of ammonium thio-
cyanate in the butyl Cellosolve-water
solvent is a saturated solution, and is
the obvious choice, because it yields the
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most intense color. The limit of solu-
bility of either sodium or potassium
thiocyanate is about the same as the
ammonium salt.

The colored solutions did not vola-
tilize or creep in the absorption cells.
The color intensity was 39, greater
with the reagent consisting of 4M
ammonijum thiocyanate in the butyl
Cellosolve-water solvent as compared
to the use of 6/ ammonium thiocyanate
in an acetone-water solvert.

Reducing Agent. In most vari-
ations of the thiocyanate procedure
for urarium, stannous chloride is used
to eliminate any iron(III) interfer-
ence by reducing the iron to the fer-
rous state. However, stannous chlo-
ride reduces vanadium to the trivalent
state, which, in the presence of thio-
cyanate, has a strong absorption band
in the near-ultraviolet region of the
spectrura. A milder reducing agent
such as ascorbic acid, which would
reduce any traces of iron but reduce
vanadium only to the quadrivalent
state, should increase the tolerable
linit of vanadium.

In order to compare ascorbie acid
and stannous chloride, mixtures of
1.00 mg. of uranium oxide (Us0s) and
various concentrations of vanadinm
(IV or V) were prepared. The proper
amount of aluminum nitrate was added
to each solution, and the mixgures
were extracted with ethyl acetate in
the usual manner. The color was
developed in a 10-ml. portion of the
ethyl acetate extract with 15 ml. of the
chromogenic reagent containing 0.67%
(w./v.) of either stannous chloride or
ascorbic acid, so that the concentra-
tion of reductant in the colored solu-
tion was 0.4%, (Table I).

While the reducing normality of each
reagent was approximately the sarae, a
lower interference was observed with
the ascorbic acid reductant. A similar
test indicated that increasing the
ascorbic acid concentration to 0.8%
(w./v.) in the colored solution resulted
in a further diminution of the vanadium
interference as is also shown in Table I.

The chromogenic reagent adopted for
further studies consisted of 46 grams of
ammonium thiocyanate and 2 grams
of l-ascorbic acid dissolved in a solution
of 11 parts of butyl Cellosolve and 4
parts of water to a final volume of 150
ml.  This reagent is stable for at least 2
days—i.e., uranium standards snalyzed
with the same reagent gave identical
absorbance readings for at least 2 days.
Therefore the use of ascorbic acid
instead of stannous chloride not only
increases the tolerable limit of vana-
dium, but, even more important, elimi-
nates the deterioration of the chromo-
genic reagent.

Extraction Medium. The solvent
extraction svstem used for the sepa-
ration of uranium during the investiga-
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Toble 1.

Vanadium Added, Mg.
V(V) vav)
2.0 ..
4.0 ..
NN 2.0

5.0.

Effect of Reductant on Vanadium Interference

Resultant 9, Error

SnCl, Ascorbie acid
0.4 0.4 0.8
5.9 2.2 1.4
5.9 3.0 1.4
1.4 0.3 0.0
4.3 0.5 0.5

tions leading to the development of
the butyl Cellosolve—ascorbic acid—
thiocyanate reagent consisted of an
aqueous phase of nearly saturated
aluminum nitrate solution and ethyl
acetate as the organic phase. The
optimum  acidity recommended (9)
for extraction of uranium by ethyl
acetate from aluminum nitrate solu-
tions is 7 volume % nitric acid. While
sulfuric acid leach solutions may be
extracted by using 1- or 2-ml. aliquots
and 10 to 15 ml. of saturated aluminum
nitrate solution, carbonate liquors have
to be acidified in order to obtain com-
plete extraction. of uranium. An ex-
traction reagent which could be used
without careful control of the acidity
was desired. It has been reported
(3) that the distribution coefficient of
uranyl nitrate into methyl isobutyl
ketone is not appreciably affected by the
acid content of the aluminum nitrate
reagent and the separation of uranium
from fission products is greatly improved
by using “acid deficient” aluminum
nitrate—i.c., by neutralizing some of
the acid formed by the hydrolysis of the
salt.

The effect of aluminum nitrate con-
centration and of added ammonium
hydroxide in the salting agent on the
extraction of uranium by methyl iso-
butyl ketone and the separation of ura-
nium from vanadium was evaluated.

One-milliliter aliquots of solutions
containing 1.00 mg. of uranium oxide
per ml. and between 0 and 25 mg. of
vanadium(IV) per ml. were extracted
with 20 ml. of methyl isobuty! ketone
using as the salting agent 15 ml. .of
aluminum nitrate solutions varying
between 1.6 and 2.7M in aluminum
nitrate and containing up to 10 vol-
ume % of concentrated ammonium hy-
droxide. A 10-ml. portion of the methyl
isobutyl ketone extract and 15 ml. of
the butyl Cellosolve-ascorbic acid-
thiocyanate reagent were mixed and
the resultant color intensity was meas-
urcd against a suitable blank at 375 mu.

The optimum concentration of alumi-
num nitrate for the extraction of ura-
nium was found to be 2.3 to 2.7M con-
taining up to 10 volume % of concen-
trated ammonium hydroxide. At values
of less than 2.3M aluminum nitrate, the
cficiency of the uranium extraction
decreases. The optimum concentra-
tion of aluminum nitrate for the separa-
tion of uranium from vanadium was

found to be 2.3 to 2.5M aluminum nitrate
containing up to 10 volume 9 of con-
centrated ammonium hydroxide. At
values greater than 2.5M aluminum
nitrate, the interfercnce of vanadium
(IV) became more serious. A salting
agent containing 2.5M alurainum nitrate
and 5 volume % of ammonium hy-
droxide is recommended. This reagent
is acidic (pH 0.7) and will buffer dilute
acid or basic samples between pH 0.5
and 1.0.

Choice of Wave Length. As in the
other versions of this method, no ab-
sorption peak for the uranyl thiocya-
nate complex was observed in the
visible region of the spectrum. Crout-
hamel and Johnson have reported (2)
that absorbance measurements should
not be made at wave lengths shorter
than 375 mp in the acetone-water solvent
because uranium and several other ions
fluoresce in this region of the spectrum.
It was found in this laboratory that
measurcments below 360 my are erratic,
and very wide slit widths are required
to zero the instrument for the reagent
blank. However, reproducible calibra-
tion data which obey Beer’s law were
obtained at 360, 375, 400, and 420 mgu,
and presumably could be obtained at
any other wave length in this region.
The data reported in this paper were all
taken at 375 mg, but in practice, solu-
tions which are highly colored are
measured at 420 mg.

Color Stability. Absorbance meas-
urements at various time intervals
showed that the yellow color of the
uranyl thioeyanate complex formed
immediately in the methyl isobutyl
ketone-butyl Cellosolve—water medium,
and was stable for at least 48 hours after
about 15 minutes required to reach a.
constant absorbance. A study on the
effect of temperature showed a change
in absorbance of only 1% between 15%
and 25° C.

Efficiency of Extraction. One-milli-
liter aliquots of standard uranium
solutions ranging in concentration from.
0.10 to 10.0 mg. of uranium oxide per ml.
were diluted with 15 ml. of aluminum
nitrate rcagent. After extraction of
the uranium with 20 ml. of mecthy! iso--
butyl ketone, the aqueous layer was
analyzed fluorometrically (I) to deter--
.mine the amount of uranium unex--
tracted.

An average extraction of 99.2%, was.



Table ll. Efficiency of Extraction of

Uraniuvm from Aluminum Nitrate into

Methyl Isobutyl Ketone According to
the Recommended Procedure

Usos Found
Us0s Taken after
for Extrac- Extraction, Extraction,
tion, Mg. Mg. Yo
0.100 0.00058 99 .4
0.200 0.0019 99.1
0.500 0.0055 98.9
1.00 0.0078 99.2
1.50 0.012 99.2
2.00 0.018 99.2
2.50 0.023 99.1
5.00 0.040 99.2
10.0 0.066 99.2
Av. 99.2

Coefficient of variation

obtained (Table II). Not only is the
extraction nearly quantitative, but it
is reproducible over the concentration
range studied.

Calibration Data. Calibration data
were obtained by treating 1-ml. ali-
quots of standard uranium solutions,
ranging in concentration from 0.100 to
5.00 grams of uranium oxide per liter,
according to the recommended pro-
cedure. For the eight solutions pre-
pared, the range of absorbance index
obtained was 0.370 to 0.374, the aver-
age was 0.371, and the coefficient of
variation was 0.349,. The absorbance
index is in such units that 1 ml of a
1.00 gram of uranium oxide per liter of
solution treated according to the recom-
mended procedure yields a solution with
an absorbance of 0.371 at 375 my.

In order to determine the optimum
range of uranium concentration for a
minimum spectrophotometric error, a
Ringbom (16) plot was made from the
data obtained. The optimum range
found was from 0.2 to 1.0 mg. of ura-
nium oxide in the 256 ml. of colored solu-
tion.

Interferences. The possible inter-
ference of various anions with the
extraction of uranium into methyl
isobutyl ketone was evaluated. Syn-
thetic solutions containing 1.00 mg.
of uranium oxide in either 104 chloride,
carbonate, bicarbonate, phosphate, and
sulfate or 4M tartrate were treated
according to the recommended pro-
cedure. There was no interference
with the extraction of uranium due to
the presence of these anions,

The extent of separation of uranium
from the various cations reported to
interfere in the thiocyanate method
was determined. Synthetic mixtures
containing 1.00 mg. of uranium oxide and
100 mg. of the possible interference in
a volume of 3 ml. were treated accord-
ing to the recommended procedure.

The absorbance for the solutions con-
taining  cobalt(II), chromium(VI),
copper(II), iron(III), molybdenum(VI),
manganese(I11), nickel(II), lead(1I), and
thorium(IV) was the same as expected
for.uranium alone within the limits of
reproducibility, and the presence of
mercury resulted in about a 19 increase
in absorbance. Forty milligrams of
zirconium(IV) caused a negative error
equivalent t00.01 mg. of uranium oxide.
The presence of 20 mg. of vanadium(IV)
in the sample aliquot caused a posxtlve
error equivalent to 0.02 mg. of uranium
oxide. Titanium precipitated in the
extraction vial and occluded uranium,
causing negative results. The presence
of at least 5 mg. of titanium in the
sample aliquot can be tolerated with a
roaximum negative error of 0.02 mg.
of uranium oxide either by the addition
of 1 ml. of 3M tartaric acid at pH 1 to
the ‘aliquot before adding the alumi-
num nitrate reagent or by use of the
alurinum nitrate-tartaric acid mixture
described under the reagents.

Table ll.  Comparative Analyses
‘ UsO0s, %
' Spectro- Standard
Sample photometric value
Standard ore
(NBL 3) 3.40  8.32 & 0.08¢
Concentratel  72.3 72.3
Concentrate2  81.5 81.3°
Us0g, Grams/Liter
ESP 2031 1.14 1.15°
JTL 242A 1.84 1.83
JTL 250 2.22 2.21
GXT 1573 0.992 0.989
HFTF 968 0.300 0.307
WES 732 1.13 1.15
KPQ 2523 2.90 291

@ Certified average value and
limits at 95%, confidence level.

® Based on volumetric analysis.

¢ Results obtained by former spectro-
photometric method (4, 13).

range

RESULTS

In order to test the method, a stand-
ard uranium ore, two uranium concen-
trates, and a number of process samples
in both acid and carbonate medium were
analyzed according to the recommended
procedure (Ta.blc III). The spectro-
photometric analysis of the only suit-
able standard ore sample was within
the range limits of the certified value
at the 95% confidence level. Excellent
agreement with the volumetric method
(17) was obtained on the determination
of uranium in concentrates. The aver-
age per cent deviation of the results
obtained by the proposed speetrophoto-

metric procedure on the process samples
was 0.9% from the analyses obtained
by the spectrophotometric method for-
merly used.
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Quantitative Analysis of Anatase-Rutile

Mixtures with an X-Ray Diffractometer

ROBERT A. SPURR and HOWARD MYERS

Hughes Research Laboratories, Culver City, Calif.

» An analytical procedure based on
x-ray diffraction intensities is presented
for the determination of the relative
amounts of anatase and rutile in their
mixtures.

TITANIUM DIOXIDE may be incorpo-
rated iato a plastics molding com-
pound to adjust the dielectric constant
to a desired value. Either anatase or
rutile may be used; these allotropic
forms differ in dieleetric hbehavior.
Neither is available commercially in a
pure state; a preparation consisting
largely of one form is apt to contain, in
addition to other impurities, an admix-
ture of the other. In order to permit
proper formulation of filled resins,
therefore, it is desirable to establish a
method for determining the relative
amounts of anatase and rutile in mix-
tures. The application of photometry
to this problem has been discussed
(2,6). This paper develops a method
using the more precise technique of
diffractometry.

APPARATUS AND MATERIALS

The instrument used was a Noreleco
Geiger-counter x-ray  diffractometer
equipped with voltage and current
stabilizers, counters, and a strip-chart
recorder; it was operated at a voltage
of 35 kv. with a filament current of 25
ma. Scanning speed was 0.25° per
minute; the width of the receiving slit
was 0.008°. For rapidity and con-
venience, most of the intensity data
were obtained from the strip chart
and showed a satisfactory agreement
with the results obtained by direct
counting, The accuracy and repro-
ducibility of this type of instrument
have been discussed by Klug and co-
workers (3, §). The strougest reflec-
tions for anatase and rufile are con-
veniently located for CuKe« radiation
at the Bragg angles 12.68° and 13.73°,
respectively.

The materials studied are two com-
mercial products, one of which is largely
anatase {A) and the other largely rutile
(R}. When total titanium dioxide was
determined by the method of Rahm (7),
the percentages found in three deter-
minations were A. 98.00, 97.68, 98.08;
average: 97.92. R. 98.70, 98.73, 98.62;
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average: 98.68. The values for the
weight fractions of anatase in anatase-
rutile mixtures determined by the
method described are insensitive to
several per cent variations in the total
titanium dioxide content.

Particle diameters smaller than 5 mi-
crons are desirable to ensure adequate
reproducibility of diffraction intensity
measurements  (4). Electron micro-
graphs taken at a magnification of
36,000 djameters indicate that particle
diameters are 0.04 to 0.6 micron for
anatase and 0.08 to 0.5 micron for
rutile. The particle sizes are, there-
fore, sufficiently small for reproduci-
bility of intensity measurements.

RESULTS AND METHOD OF CALCULATION

For a given sample, the ratio (Ia/Izr)
of the intensity of the strongest anatase
reflection to the intensity of the strong-
est rutile reflection is independent
of fluctuations in diffractometer char-
acteristics. This ratio therefore pro-
vides a useful index of sample composi-
tion. The first three columns of Table
I show the weights of A and R in the
samples; the average values of Ia/Ir
were found from a total of 53 deter-
minations.

The intensity data show that the A
material contains a small amount of
rutile and the R material a small amount
of anatase. If A were pure anatase,

the value of 1,/Ix for sample 11 would
be infinite; and if R were pure rutile,
the value of this ratio for sample 1
would be zero. It is not difficult, how-
ever, to estimate the impurities in A and
R to a sufficient degree of accuracy te
establish an analytical method for ana-
tase and rutile.
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Figure 1. Intensity ratio as a function
of weight ratio for small wy

Table I. Compositions and X-Ray Intensity Data for Anatase-Rutile Mixtures
_ 1
T4, 1 + 1.265 In
W, W, Ia/Tx Weight iy I

Sample Weight, Weight Intensity Fraction Intensity

No. of A, G of R, G. Ratio of Anatase Function
1 0 1.997 0.0165 0.0112 0.0115
13 0.0099 0.9898 0.0312 0.0205 0.0240
16 0.0399 0.8002 0.0869 0.0564 0.0573
14 0.0501 0.9500 0.0920 0.0588 0.0677
2 0.202 1.749 0.183 0.110 0.126
3 0.451 1.335 0.431 0.252 0.253
4 0.626 1.121 0.680 0.350 0.349
5 0.822 1.022 0.941 0.438 0.426
6 0.996 0.918 . 0.510 0.489
7 1.290 0.622 2.31 0.658 0.645
8 1.502 0.518 3.28 0.724 0.722
9 1.726 0.355 5.31 0.807 0.809
10 2.856 0.268 9.54 0.889 0.883
15 0.9501 0.0496 13.51 0.919 0.915
11 2.050 0 55.9 0.972 0.978




The first three columns of Table I
give the weight of A (97.99 TiO,,
largely anatase), the weight of R (98.7%,
TiO,, largely rutile), and the ratio of
the intensity of the strongest anatase
reflection to that of the strongest rutile
reflection for the various sample mix-
tures. The last two columns give the
weight fraction of anatase and a func-
tion of the intensity ratio that approxi-
mates the weight fraction of anatase.

For a given sample, the relation be-
tween the weight ratio and the intensity
ratio for anatase and rutile is given by
the expression

Wa - LA

ot K T (1)
where wa and wr are the weights of
anatase and rutile, respeetively, in the
sample. It is known that, for mixtures
of allotropes, intensity of scattering for
each component is substantially pro-
portional to its weight fraction (1).
It may be expeeted, therefore, that K
will be approximately constant over
narrow ranges of concentration.

The weight of pure anatase in the
sample is given by the equation

WA = aw + Qs (2)

where w; is the weight of A, w, is the
weight of R, a, is the weight fraction of
anatase in A, and a. is the weight frac-
tion of anatase in R. A similar expres-
sion gives the weight of pure rutile in
the sample:

wr = nwy + ran (3)

where r, and 7, are the weight fractions
of rutile in A and R, respectively.
Substitution of Equations 2 and 3 in 1
gives

awy + axwe . 1a (4)
rawy + rawe In

1 is small compared with unity; there-
fore, for small w,, mw; may be neglected
in comparison with raws. The follow-
ing approximate equation can thus be
derived:

Ix 1 a

L Ly o
In Kin

K-l e e (for small w;)

(5)

Here K; denotes the value of K in the
region where ; is small compared with
wy. Pigure 1 is a graph of I./In vs.
wi/wy. The fact that the points lie
near a straight line is an indication that
K, is approximately constant in this con-
centration range. The equation for
the line is

Is _ 00165 + 1.425 ™ (6)

Ig w2
Similarly a, is small compared with unity
and, for small w,, the term a;w, may be
neglected in comparison with auy;
the equation obtained is

Ir 2 T2 We
i = K, Hx + K, i (for small ws)
)

where K, is the value of K in the
region where w, is small compared with
wy. Figure 2 is a graph of In/Ia vs.
wy/wy in this region. The straight line
drawn may be represented by the equa-
tion

Ig W

Lo 0.0230 + 0.820 5 (8)
There are now six unknown quantities—
ay, 71, @, 7o, K1, and Ky—which may be
related by the following six equations.
The first four are obtained by comparing
coefficients in Equations 5 through §;
the last two give the total amounts of
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Figure 2. Intensity ratio as a function

of weight ratio for small ws
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titanium dioxide in A and R as deter-
mined by chemical analysis.

1 a _

K, o = 00165

1 a _ -

K = 1.425

K. 7' = 0.0230 (9)
ay

K"t = 0.820
a

a; + r, = 0.979
az + r: = 0.987

Solution of these simultaneous equations
vields

ay = 0.952
n = 0.027
a; = 0.011
(10)
r, = 0.976
K, = 0.68
K; = 0.80

It is seen that the A material contains
95.29, anatase and 2.79 rutile and that
the R material contains 97.69 rutile and
1.1% anatase. It is now possible to cal-
culate the weight fraction of anatase in
the titanium dioxide for each sample;
these values, given in the fourth col-
umn of Table I, may be considered
reliable to within about 0.01 unit.

For the analysis of anatase-rutile
mixtures, it is convenient to devise a
function of the intensities that is
approximately equal to the weight frac-
tion axx of anatase present. This
weight fraction is given by

W
= 11
wa + WR an

ZA =

The combining of Equations 11 and 1
vields

‘ -

Iy (12)

Ty =

14 I

-

If the variation of K with concentration
is now neglected and if K is taken as
0.79, or 1/K as 1.26, an approximation
to x4 is obtained that may be designated
asif:
1
d I (13)

1+ 1.261l

This quantity f is tabulated in the
last column of Table I and a graph of
z4 vs. f is shown in Figure 3. It can be
seen that f is, in fact, approximately
equal to zx. A better fit for 24<0.2
could be obtained by taking X = 0.68
in this region of concentration.

The weight fraction of anatase in an
anatase-rutile mixture may be deter-
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mined by caleulating f from she observed
x-ray intensitizs and by referring to
Tigure 3.

The most important ccntribution to
the expcrimental error in f arises from
the lack of reproducibility of scattering
intensitiss reccrded by the diffractom-
eter. Optimum precision can be
obtaires. by the use of slow scanning
speed, and by averaging several values
of Ta/I, where the ratio contains two
intensity values frem the same run.
It was found from 18 daterminations
that the standard error in ;" due to lack
of inszrument reproducibility is about
> inclusion of othe: experimental
ts a standa~c error for f

of 3 to 49%. Two experimental deter-
minations of known mixtures led, how-
ever. to errors of only 0.9 and 0.2%,.
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Steroid X-Ray Diffraction Powder Data

JONATHAN PARSONS, WILLIAM T. BEHER, and GIZELLA D. BAKER

The Edsal B. Ford Institute for Medical Research, Henry Ford Hospital, Detroit 2, Mich.

» X-ray diffraction powder data
and pcwder pattern photographs are
presented for 32 steroids.

T- CONTINCE the studies on the
identification of steroids by x-ray
powder diffraction, 32 additional com-
pounds were investigated. Their inter-
spacing data and powder pattern photo-
grapls are here reportec. The earlier
'7-8) in this serics gave powder
cata for 106 steroids.
The x-ray patterns were obtained in
rs, using nickel-7iltered  copper
ation produced at a potential of
55 kv. and a current of 20 ma. (7,2).
The miethods of recrystallization used
were =he same as thosc discussed and
used ir. the lest paper of his series (3).
The rcajority of the steroids were
recrystallized from ethyl aleohol, the
exceptions being noted ir Table I

Figure 1. X-ray diffraztion
powder patterns of steroids

Key found in Table I
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Melting Point
(Uncorr.), ° C.

4

257-261
167-169
251-256

164.5-166.5
164-168

. 225-228

218220
245-246
160-162
133.5-135
141-145

155.5-157.5
103-106
115-120

202-205

166-168
151-154
123-126
157-159
161-163
112-115

144-146
146-148

215-218 5
210-203.5

267-270
231-235

145-148
118-119

233-235
261-262
181-186

Table I. Index to Steroid X-Ray Diffraction Powder Data
Pattern
No. Name
I. Cis STEROIDS
Al Equilenin
A2  Estrone methyl ether
A3 1-Methyl estrone
II. Cis—9 STEROIDS
B. Monohydric Aleohols
B1 Androstane-17-0l
B2  Neosterol (75.5% ergosterol and 24.59, A"*-ergostadien-
38-ol)e
C. Dihydric Alcohols
Cl1  A%%-Androstadiene-38, 17g-diol®
C2 A%7-Androstadiene-38, 178-diol-dibenzoate
C3 ]7-Etl(1i;;-.gyl-A5-androstene-3,17-diol
C4  AS-Androstene-38, 17-diol-diacetate
C5  A*Cholestene-38, 68-diol-diacetate
Cé Allopregnane-33, 20-diol-diacetate
D. Monoketones
D1 Al-Allopregnene-20-one
D2  A-Cholestene-3-one
D3 Androstane-17-one
E. Diketones
El Allopregnane-3, 20-dione
F. Monohydroxymonoketones
“Fl A*Pregnene-208-0l-3-one
F2 A*-Androstené-17-0l-3-one-17-acetate-3-enol acetate (testos-
terone diacetate)
F3 At-Androstene-17-0l-3-one-17-propionate-3-enol propionate
(testosterone dipropionate)*
4 Androstane-17-0l-3-one-17-acetate (dihydrotestosterone
acetate) ’
F5  Androstane-178-ol-3-one-17-hexahydrobenzoate (dihydro-
testosterone hexa.hydrobenzoate{
F6 Pregnane-348-0l-20-one-3-acetate
F7  Allopregnane-38-0l-20-one-3-acetate
F8  Etiocholane-178-0l-3-0ne-17-acetate
G. Dihydroxymonoketones
Gl Pregnane-3a, 17a-diol-20-one
G2 Allopregnane-3, 21-diol-20-one-21-acetate
H. Trihydroxymonoketones
H1  AS-Pregnene-383, 17, 21-triol-20-one-3,21-diacetate (17-
hydroxy-21-acetoxy pregnenolone acetate) -
H2 . Allopregnane-38, 17«, 21-triol-20-one-21-acetates
III. Bire Acmo Esters
1. Carboalkoxy Esters
I1 Methyl 3-acetoxy-12-ketocholanate
I2 Methyl 3-keto-128-acetoxycholanate
IV. BTEROIDAL SAPOGENINS AND DERIVATIVES
Ji A-Hexogenone
J2 Hecogenin !
J3 Smilogenone
¢ Acetone.
¢ Ethyl alcohol and ethyl ether.
¢ Methanol.
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Table l.  X-Ray Diffraction Powder Data for Steroids

4,A, L d A I/L d, A. L d A I/ d, A /L d, A I/
I. Cy SreEROIDS ]EZJB 1-1(\geth?irl) B2.(CNe’%st>erol C2. A;:’- A dC4f;e A;—ﬁ = D. Monoketones
Al. Equilenin strone (Conid. 'onid. Androstadiene- _ Androstene-38,17- DL, A
2.4 o1l 3.87 0.5 3.64  0.06 dih 33&1@?&?{} i) diol diacetate (Contd) — syoprepnene-
700 006 3.68 015 3.42  0.35 1benz . 2.74  0.10 20-one
G 8B iR ouE o iR M8 am oo I SR we o
5.65 003 314 003 204 008 5.5 020 240 015 A
517 1.00 3208 0.50 2.87 0.1l 49 0.08 232 0.15 831 0.0
482 0.0 298 020 278 0.08 540 034 230 0.15 621 0.27
4t 0.06 289 011 2.73 008 31 004 213 0.03 bhr o
s18 006 276 0.01 267 0.15 5% 004 202 0.10 508 0.11
372 0.3 ' 015 2743 0.04 35 04 1.98 Q.07 465 0.08
3.32 020 £ 236 0.06 223 1.9 0.10 424 0.40
3121 006 2.3 0. : ¢ 2.14 0.06 18 1 406 0.15
308 o003 2.46  0.05 2.20 0.15 211 0.11 . . 379 008
506 003 240 0.20 221 0.04 207  0.06 563 015
59 oos 2.35 0.15 2.18  0.15 204  0.06 3% ood
35 oot 2.30  0.15 212 0.01 208 020
248 0.03 22 0.0 z.08  0.08 AL 3.18 0.1
2.41  0.02 2 ols 197 oo Cholestene-38,65- 3.08 0.08
2.35 0.06 2'05 0.08 1'93 011 C3. 17-Ethynyl- diol diacetate 2.89 0.11
227 0.01 : 0.15 1.85  0.04 Af-androstene- 15.6 0.0 2.72 0.04
2,22 0.01 1.96 0. 85 0. 17-d&ol : . 2765 0.0
237 o 1,93  0.11 1.77  0.04 3, 12,5 0.08 202 g0z
$12 004 1.86 0.15 1.72  0.06 12.1 0.06 10,88 gllﬁ 230 0.05
2.00  0.08 L 0w 0e 0% ¥ 008 2.29  0.08
}'3? g.g% 6.44  0.40 703 0.11 % %g 8'(1)3%
1.85 : I Choss STER- C. Dihydric 574  1.00 6.26  0.40 :
1.85 0.0l L. Cion ° 2.08 0.05
180 0.4 o1ps Aleohols a2 0.0 5 004 203 0.04
X i . 5T_ 4, . .
173 001 B. Monohydric 1. as 418 0.2 23 108 1.86 0.0;
Alceohols Androstadiene 1.80 0.0
oho1s 38, 178-diol 4.30 0.53 4,76 0.11 164 0.01
N 3: 0.05 4.12 0.30 4.39 0.04, '
X . 14, . 3.86  0.18 432 0.20
ﬁ%thyl‘}sg;g; Bl Androstane- 125 0.05 375 0.11 3.8  0.08
9.16 0.06 - gzi 8?? 3.56 0.03 ggg 86'2 D2. Al-Cholestene-
73 004 0% 003 g17 ol 532 02 538 o001 3-one
6.52  0.03 753 041 582  0.08 310 015 3.24 0.03 12.8 0.08
579  1.00 654 073 5.47  1.00 204 011 315 Q.01 9.56  0.30
507  0.40 583 1.00 521 1.00 2'86  0.04 2.83  0.01 872 0.1
4.60 0.1 531 0.55 4.90 0.08 2.79 . 0.20 2.70  0.02 7.87  0.11
4.40  0.20 5.02 0.73 4.75  1.00 2,67  0.15 2.55  0.02 6.74 0.35
4.06 0.11 176 055 495  0.55 2.60  0.08 2.37  0.01 6.03 0.01
3.82  0.01 4.29  0.27 3.91  0.11 2.49  0.10 2.32  0.03 5.49  1.00
3.64  0.03 40L 020 3.75  0.11 241 0.08 223 0.02 408 0.73
3.44 0.73 3.79 0.08 3.62 0.05 2.35 0.10 2.17 0.03 4.70 0.30
3.33  0.20 3.65 0.15 3.35  0.27 2.26  0.08 4.30 0.30
3.13  0.04 3.44  0.05 3.09  0.20 2.20  0.08 3.97  0.08
297 015 3.32  0.05 g-gé g%? 2.15  0.15 3.64 g.%(l)
2.87 006 .2 . . 212 0.13 4 3.38 .
271 01 308 o008 2,73 008 208 013 g9y, Alloprognane 3922 015
2.60 Q.11 200 0.0 249 0.11 2702 0.08 8,20-diol diacetate 370 011
2.50 0.11 273 0.20 2.34 0.03 1.95 0.04 16.5 0.03 2.03 0.04
2.41  0.06 263 011 2.25  0.05 1’80 0.0l 10.7  0.04 2.77  0.03
231 0.08 25 0.08 217 0.05 1.86 0.1 8.80  0.15 2,66 0.03
2,27  0.08 245 008 2.03 0.08 7.22  0.20 253  0.15
2,22 0.11 236 0.02 1.80  0.08 6.17  1.00 2.46  0.06
om0 T
2.1 0.04 %'63 01 5.37  0.20 2.25 0.04
: : 2. ASL C4, Ak
2.04 0.08 1.08 0.08 - " 4.98 0.40
1.95 0.06 160 0.08 Androstadiene- Androstene-38,17- 156 0.2
1.02 008 181 0,02 38,178-diol diol diacetate 4.35 0.15
T T A R
827 015 6.8  0.03 36l 0.0 . 3117 °“e0 "
B2, Neosterol 6.61 0.06 593  1.00 3.38  0.04 9.3 0.8
A3, 1-Methl 6.03 0.73 5.55 0.15 ) .
- I-Methy’ 13.3 0.08 551 1.00 5.08  0.37 2.90 0.08 585  0.40
Estrone 4 0n 498  0.40 476 1.00 281 0.11 5.5¢  1.00
8.68  0.03 951 0.0L 458 0.25 459  0.37 2.67  0.01 523  0.20
812 0.38 6.82  0.0L 417  1.00 420 0.20 2.61  0.04 4.82  1.00
6.71  0.56 6.15 0.73 3.96  0.30 4.02  0.27 2.52  0.06 467  0.08
6.35 005 5.80 0.53 3.76  0.17 3.76  0.10 2.44  0.08 411 0.08
6.01 0.0 5.31  1.00 3.60  0.17 3.64 0.15 2.30  0.04 3.8 004
5.54  0.75 504 0.63 3.41  0.06 351 0.20 2.18  0.06 351 0.15
5.35  0.08 462 0.20 3.25  0.46 3.42  0.15 2.10  0.06 3.3 0.20
4.90  1.00 434  0.87 3.14  0.11 3.32 0.20 2.07 0.01 3.19 0.30
4.50  0.08 414 0.11 3.00  0.25 320 0.10 1.97 0.03 3.00 0.15
430 0.08 393 0.30 2,92 0.04 202 0.15 1.86  0.01 2.9¢ 0.0
4.05 .38 3.80 0.06 2.83 0.1 2.84  0.10 1.75  0.04 2.85  0.08

(Continued on page 765)
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d A I/I

D3. Androstane-
17-one (Conid.)

2.77  0.08
2.59  0.08
2.50  0.04
2:36 0.1
2:32 0.1
2.24  0.06
215 0.06
208 0.08
2.05 0.08
1.98  0.04
1.94  0.04
1.88  0.06
1.79  0.04
1.77  0.04

E. Diketones

El. Allopregnane-
3,20-dione
10.9 0.04
6.09 0.40
5.01 0.30
5.59 1.00
5.11 0.30
4.54 0.03
4.34 0.08
4.12 0.08
3.72 0.04
3.58 0.04
3.42 0.03
3.29 0.04
3.21 0.20
3.11 0.15
3.01 0.06
2.87 0.08
2.76 0.06
2.67 0.06
2.58 0.08
2.48 0.01
2.37 0.06
2.28 0.03
2.17 0.04
2.10 0.04
2.03 0.01
1.96 0.06
1.80 0.01
1.68 0.01

F. Monohydroxy-

monoketones
Fl. A¢Pregnene-

208-0l-3-one
13.2 0.27
10.0 0.09
8.15 0.09
7.37 0.36
5.89 1.00
4.93 0.67
4.70 0.27
4.53 0.04
4.08 0.20
3.80 0.20
3.62 0.09
3.42 0.04
3.32 0.09
3.09 0.02
3.00 0.20
2.68 0.02
2.48 0.04
2.44 0.13
2.31 0.04
2.22 0.13
2.07 0.09

Table Il
A I/

F2. A¢Androstene-
17-0l-3-one-17-

acetate-3-enol
acetate .
14.2 0.27
8.47 0.05
7.47 0.55
5.83 1.00
5.32 0.27
4.88 0.15
4.72 0.73
4.52 0.27
4.33 0.05
3.93 0.41
3.71 0.20
3.51 0.27
3.35 0.11
3.25 0.20
2.90 0.20
2.78 0.20
2.60 0.15
2.45 0.04
2.35 0.15
2.24 0.15
2.16 0.08
2.09 0.05
2.01 0.11
1.96 0.11-
1.82 0.04
1.64 0.02

F3. A4Androstene-
17.0l-3-one-17-
propionate-3-enol

propionate
14.3 0.05
7.97 0.27
7.14 0.11
6.11 0.27
5.76 1.00
5.55 0.08
4.76 0.73
4.53 0.27
4.32 0.02
4.04 20
3.95 55
3.76 08
3.63 15
3.51 15
3.37 11
3.20 04
3.09 02
2.91 11
2.77 15
2.65 11

(&

o

i=2}
PO000000000000000000000

°

9

F4. Androstane-
17-0l-3-0one-17-

acetate
15.0 0.20
9.98 0.04
7.70 0.04
6.13 0.27
5.49 0.27
5.14 0.20

X-Ray Diffraction Powder Data for Stercids (Continued)

d, A. /L
F4., Androstane-
17-0}-3-one-17-
acetate (Conid.)

4.27 1.00
3.75 (.08
3.48 0.01
3.08 0.08
2.74 0.15
2.51 0.08
2.37 0.04
2.21 0.03
2.05 0.03
F5. Androstane-
178-0l-3-one 17-.
hexahydrobenzoate
12.1 0.15
10.8 0.15
.49 1.00
99 0.40
49 0.87
02 1.00

<
=

f=23
w2
to Pubadhabagag
=]

F6. Pregnane-
38-0l-20-one-3-
acetate
9.51 0.15
7.22 0.05
6.57 1.00
5.78 0.08
5.51 0.21
5.15 0.73
4.84 0.08
4.54 0.08
4.31 0.41
4.03 0.11
3.92 0.11
3.68 0.15
3.59 0.15
3.43 0.20
3.29 0.15
3.23 0.11
2.99 0.15
2.88 0.11
2.78 0.05
2.66 .11
2.57 0.15
2.41 0.11
2.36 0.11
2.28 0.11
2.19 0.08
2.16 0.11
2.11 0.15
2.02 0.20
1.95 0.08

d, A. /n
F6. Pregnane-
3B-01-20-one-3-
acctate (Contd.)

1.87 0.02
1.81 0.04
1.78 0.05

F7. Allopregnane-
38-01-20-one-3-

acetate
13.3 0.20
10.3 0.11
7.94 0.06
7.34 0.11
6.74 0.11
6.07 1.00
5.55° 0.73
4.94 0.30
4.68 0.73
4.39 0.30
4.16 0.30
3.95 0.20
3.82 0.20
3.69 0.08
3.54 0.08
3.30 0.20
3.16 0.08
2.97 0.06
2.80 0.06
2.63 0.08
2.56 0.08
2.46 0.15
2.36 0.04
2.33 0.03
2.26 0.08
2.18 0.08
2.00 0.06
1.91 0.06
1.88 0.01
1.83 0.01
1.78 0.01

F8. Etiocholané-
178-0l-3-one-17-

acetate
15.1 0.09
8.08 0.09
7.37 0.27
6.59 0.37
6.01 1.00
5.80 0.49
. 5.54 0.49
5.18 0.27
4.88 0.49
4.40 Q.36
4.12 0.49
3.90 0.27
3.75 0.13
3.63 0.36
3.37 0.09
3.12 0.09
2.97 0.04
2.91 0.13
2.63 0.27
2.50 0.04
2.43 0.04
2.34 0.13
2.33 0.04
2.18 0.09-
2.11 0.09
2.00 0.20
1.94 0.04
1.88 0.04

d, A. n
G. Dihydroxy-
monoketones

G1. Pregnane-

3a,17 a-diol-20-one

d; A, /L
H1. AS-Pregnene-
38,17,21-triol-20-
one-3,21-diacetate
(Contd.)

51 0.04

3.
10.6 0.0 320 0.08
6.84 .15
3.16 0.08
6.40 0.04
3.05 0.05
5.80 1.00
: 2.99 0.41
5.61 0.03
2.85 0.15
5.28 0.20
2.73 0.15
5.14 0.15 =
2.67 0.15
4.76 0.15
2.57 0.04
4.46 0.08
2.50 0.04
4.18 0.08
2.43 0.13
3.86 0.11
2.40 0.13
3.65 0.15
k 2.36 0.13
3.43 0.15
2.28 0.15
3.20 0.06
2.15 0.04
2.94 0.06
2.08 0.20
2.82 0.06
2.03 0.13
2.72 0.08
1.98 0.05
2.62 0.08
1.93 0.13
2.54 0.11 184 0.08
2.36 0.04 : ’
2.17 0.04
914 0.06 H2. Allopregnane-
2.02 0.03 38,17 «,21-triol-20-
1.02 0.03 one-21-acetate
1.89  0.03 11.9 0.15
8.35 0.11
G2. Allopregnane- gi% 8%(1}
3,21-diol-20-one- 5.99 1.00
21-acetute 5 65 0.40
9.66 0.27 5.51 0.15
8.94 0.24 5.10 0.40
6.61 0.05 4.94 0.08
6.37 0.08 4.56 0.40
5.84 1.00 4.39 0.15
5.17 0.08 3.97 0.15
4.85 0.73 3.78 0.20
4.27 0.15 3.58 0.15
4.11 0.15 3.30 0.06
3.96 0.15 3.13 0.08
3.83 0.04 3.00 0.30
3.65 0.11 2.84 0.15
3.52 0.04 2.76 0.15
3.29 0.20 2.67 0.06
2.99 0.20 2.55 0.08
2.82 0.04 2.47 0.20
2.69 0.15 2.34 0.08
2.59 0.08 2.27 0.06
2.54 0.1 2.23 0.04
2.47 0.04 2.16 0.04
2.34 0.04 2.07 0.15
2.29 0.02 2.00 0.15
2.22 .11 1.93 0.08
2.17 Q.02 1.87 0.08
2.10 0.05 1.83 0.06
233 0.05
1. Q.15
188 0.08 TII. EISB;I;iSAch
1.81 0.02 )
1.75 0.02 I. Carboalk
167 0,05 esters
H. Trihydroxy- T1. Methyl
monolzetones 3-acetoxy-12-
H P ketocholanate
1. A5-Pregnene-
36,17, 21-triol-20- s 0%
one-3,21-diacetate 6 20 1.00
12.1 0.25 5.65 1.00
5.87 1.00 5.256 0.30
4.98 0.73 5.10 0.37
4.55 0.15 4.72 0.33
4.53 0.55 4.50 0.13
4.04 0.08 4.27 0.23
3.74 0.05 4.09 0.15
3.58 0.27 3.88 0.15

(Continued on page 766)
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Table II.
dA 1L 4 A I/n

11. Methyl

3-acetoxy-12- 128-acetoxy-

ketocholanate cholanate (Contd.)
(Conid.) 1.08  0.20
3.72 0.30 3.94 0.37
3.52 0.17 3.73 0.15
3.34 0.20 3.62 0.15
3.12 ¢.11 3.50 0.27
3.01 0.06 3.33 0.07
2.85 Q.11 3.16 0.20
2.72 0.03 3.03 0.03
2.64 0.15 2.88 0.15
2.57 0.01 2.74 0.07
2.47 0.08 2.65 0.07
2.34 0.03 2.54 0.10
2.28 0.04 2.40 0.07
2.21 0.04 2.31 0.07
2.05 0.11 2.17 0.10
2.02 0.11 2.10 0.07
2.01 0.15
1.98 0.15
I2. Methyl 3-keto-
128-acetoxy- IV. STEROIDAL
cholanate SAPOGENINS AND
12.4 0.15 DERIVATIVES
18:36 881’ J1. A¢Hecogenone
8.7 0.75 13.6 0.15
6.92 0.37 6.89 0.20
6.64 1.00 6.22 0.20
6.01 0.20 5.84 1.00
5.49 0.20 5.39 0.20
5.29 0.50 517 0.37
5.15 0.50 4.93 0.37
4.60 0.27 4.67 0.37

I2. Methyl 3-keto-

d, A. I/ d, A. I/
J1. A‘-Hecogencne J2. Hecogenin
(Contd.) (Contd.)
4.16 0.27 3.42 0.06
3.90 0.20 3.10 0.20
3.69 0.10 2.99 0.08
3.62 0.37 2.81 0.04
3.46 0.10 2.72 0.11
3.36 0.20 2.52 0.08
3.10 0.03 2.47 0.06
2.95 0.15 2.40 0.04
2.82 0.10 2.34 0.08
2.66 0.15 2.30 0.08
2.57 0.10 2.23 0.08
2.45 0.05 2.16 0.04
2.34 0.10 2.09 0.08
2.22 0.10 2.03 0.04
2.17 0.10 1.92 0.01
2.08 0.10 1.86 0.03
1.99 0.05
1.96 0.10 J3. Smilogenone
J2. Hecogenin lg‘gs 8%%)
15.0 0.20 7.22 0.30
11.1 0.03 6.84 .20
8.23 0.11 5.87 1.00
7.20 0.03 5.59 0.20
5.99 0.11 5.31 1.00
5.54 1.00 5.08 0.30
5.01 on 4.64 0.40
4.73 0.11 4.29 0.20
4.42 Q.20 3.96 0.20
4.24 0.08 3.56 0.30
4.00 0.08 3.30 0.11
3.77 0.11 3.11 0.15
3.62 0.08 2.88 0.15

X-Ray Diffraction Powder Data for Steroids (Continued)

d, A, I/, d, A, I/n
J3. Smilogenone (Coni.)
2.75 0.15 2.08 0.08
2.60 0.15 2.00 0.15
2.58 0.08 1.93 0.04
2.36 0.06 1.88 0.06
2.31 0.08 1.82 0.01
7 0.06 1.76 0.04
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Monochromatic Diffraction-Absorption Technique for

Direct Quantitative X-Ray Analysis

D. H. LENNOX

Qccupational Heolth Division, Depariment of National Health and Welfare, Ottawa, Canada

PIn o diffraction-absorption method
of quantitative x-ray analysis, a poly-
chromatic beam was employed for the
absorption medasurement. * Use of a
polychromatic beam limits the pre-
cision and may introduce large errors.
An alternative method, employing an
essentially monochromatic beam, which
eliminates these difficulties, is reported.
A number of known samples were ana-
lyzed by the diffraction-obsorption
methods and by the internal standard.
It is concluded that the diffraction-ab-
sorption methods are reproducible
and capable of giving results com-
parable to those obtained with the
internal standard; for some problems,
they may provide the only suitable
method of analysis,
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AMETHOD of direct quantitative x-
ray analysis for a-quartz, using a
Noreleo diffractometer (?), was de-
veloped as an alternative fo the com-
mouly used internal standard technique
(2, 3). A general theoretical equation
was derived, expressing concentration
as a function of diffracted intensity and
x-ray absorption:

a-(@(@ o
where

I, = integrated intensity diffracted by
a sample with mass absorption coefficient
#y containing weight fraction 2 of com-
ponent 1

(I)y = integrated intensity diffracted
by a sample with mass absorption co-
efficient u{ comprised wholly of com-
ponent 1

A similar equation was found to hold
experimentally.

The measured diffracted beams were,
of course, essentially monochromatic,
but absorption measurements were
made employing the polychromatic
beam emitted by a copper target x-ray
tube. For simplicity, this method is
here called the polychromatic diffrac-
tion-absorption technique. A mono-
chromatic technique using the beam
diffracted by a crystal monochromator
for absorption measurements is also a
possibility. In this case, however,
the measurable x-ray absorption range
is smaller and it was believed to be too
small for practical a-quartz analysis.
Experience with the polychromatic
technique has since indicated that the
range of absorption met in practice is
not, excessively large.



The use of a monochromatic tech-
nique should eliminate two errors
associated with the polychromatic tech-
nique. Strictly accurate results depend
on the exact proportionality of absorp-
tion coefficients for the wave lengths
involved in diffraction and absorption
measurements. The only way to assure
exact proportionality is to make both
measurements at the same wave length
—i.e., a monochromatic technique.
In the polychromatic technique there
is an approximate proportionality for
all elements except those occurring
between corresponding absorption dis-
continuities for the two wave lengths.
Approximate proportionality causes
slight errorg in the final result, but in
most cases these do not exceed 3%
of the amount of a-quartz present.
If, however, the sample contains even
small amounts of elements not in the
region of proportionality, relatively
large errors will occur in the final
result. Even strongly diffracting com-
pounds of nickel, zinc, and other
elements subjeet to absorption discon-
tinuity effects are difficult to detect
by x-ray diffraction methods alone
when the concentration of the element
is small.

A monochromatic technique has the
advantage of eliminating any possi-
bility of this error. On the other hand,
if there is any possibility that a sample
will be affected by absorption range
limitations, the absorption measure-
ments will indicate that to be the case.

The present paper describes the de-
velopment of such a technique. The
polychromatic technique was repeated
simultaneously for comparison purposes.
The same samples and diffraction
readings were used for both techniques.

EXPERIMENTAL TECHNIQUE

Binary mixtures were prepared as
described (5) with quartz percentages by
weight of 5, 10, 20, 40, 60, 80, and 100.
Four such sets were prepared in dupli-
cate or triplicate with the following
quartz associates: tridymite, gypsum,
calcium hydroxide, and calcium fluoride,
giving absorption ratios, relative to
pure quartz, from 1.0 to about 3.0.

Theexperimental mixturcswere packed
into rectangular cavities (2 X 1 X 0.158
cm.) in uniform aluminum slides, The
apparent density of the powder was
determined by weighing the slide before
and after filling.

Diffraction Measurement. For
this measurement the copper target
x-ray tube current was reduced to
7 ma. at 35 kv. All diffracted in-
tensities were compared with the
intensity diffracted by a selected
aluminum plate. Thealuminum diffrac-
tion line chosen for this purpose cor-
responded to an atomic spacing of
2.34 A. The automatic pen recorder
was used for all diffraction measure-

" of the Geiger tube was 0.5°, 26.

ments, diffraction lines being scanned
at 0.25° per minute.

Monochromatic Absorption Meas-
urements. A calcite crystal was
found to be a suitable monochroma-
tor. Kilovoltage and milliamperage
were 40 and 20, respectively. The
usual nickel filter was removed.

The absorptien ratio—i.e., ratio of
mass absorption coefficients—is cal-
culated from the equation p = Rho
e log. (T0/Ts)

w* " pelog. (T1/Ta) @

where
p1 = apparent density of a pure sample
of component 1

"p. = apparent density of a sample con-
taining weight fraction z; of
component 1

Ty = intensity of incident x-ray beam

1Ty = intensity transmitted by pure
sample of component 1

T = intensity transmitted by sample

containing weight fraction

of component 1
Because of the relatively high absorp-
‘tion of CuK, radiation by the samples,
incident intensity was necessarily large
and, therefore, had to be measured
vindirectly. Consider a number of foils
of uniform thickness ¢ and linear absorp-
tion coefficient u. The intensities,
T and Tryq, transmitted by n and n+-1

 foils, respectively, are

T = Tye—nut 3)
Toypr = Toe=(n+ ut (4)
and
(Ta)r+1 _
Tary 10 )

If a suitable value for n can be found,
so that T, and T.y1 both fall in the
linear portion of the Geiger response
curve, T can be calculated.

For monochromatic radiation thin

brass foils (0.0049 cm.) with n=3 were

used for T, determination, and intensi-
ties were measured by manual counting.
Although it was not possible to select
foils with identical x-ray . transmission
properties, this factor does not introduce
serious errors into the final results.
T,/ Ty is of the order of 10~3 and less
and under these conditions the relative
error in log (7,/To) is small compared to
that in 7.

Polychromatic Absorption Meas-
urement. 7, was again determined
indirectly using aluminum plates (0.056
cm,) with n=1. X.ray tube kilo-

" voltage and milliamperage were 15 and

10, respectively, and the angular se":It‘i}:]tJ'g
is
gave a calculated effective wave length
of 0.87 A. with a short wave length
limit of 0.83 A. Intensities were again
measured by manual counting,

EXPERIMENTAL RESULTS

The diffraction-absorption relation
is best visualized when ul/ui is
plotted against I1/(I1)y on log-log
paper. The theoretical relation (Equa-
tion 1) gives a straight line with a

slope of —1, for which I./(li)e = =
when u}/u; = 1.0.

Table I gives the calculated slopes
for each percentage for the monochro-
matic and polychromatic technigues,
In determining the average slopes the
5% results were ignored, because for
this low quartz concentration diffracted
intensities are weak and intensity
measurements unreliable when made
with the automatic pen recorder (4).

Table I. Experimental Slopes
Revised
Mono- Poly-
chromatic chromatic
Quartz, % Technique Technique
5 —1.53 —2.05
10 —0.94 —1.45
20 —0.94 —1.45
40 —1.03 —-1.51
60 —1.07 —1.49
80 —0.98 —1.89
Av. slope
(ignoring 5%) -0.99 —1.55
Standard devi-
" ation 0.05 0.16

For both techniques when uj/u; =
1.0, Ii/(I)s = (#exs. > 1 Where
(Z1)exp. 15 a constant for any given
percentage. The experimental diffrac-
tion-absorption relations are given
by Equations 6 and 7. The mono-
chromatic slope has been assumed to
be —1.

Monochromatic

= (LY (e
@ = (75)(5)  ©
Revised polychromatic
_ I_l E'; 0.052

The values of (zi)exp. are slightly
different for each technique (Table
II). Smooth curves may be con-
structed showing the relation between
(#1)exp. and 71 and used to determine
quartz percentage from the calculated
value of (x1)exo.

Figure 1 compares the theoretical
diffraction-absorption relation (Equa-
tion 1) with the experimental results
(Equations 6 and 7). For simplicity
only the 209, curves are shown.

Table Il.  Values of {x1)exp.
Mono- Revised
chromatic ~ Polychromatic
Quartz, % Technique Technique
5 0.059 0.057
10 0.125 0.124
20 0.248 0.241
40 0.459 0.451
60 0.668 0.656
80 0.847 0.828
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Causes of Experimental Deviation.
SueHARMONICS IN Bram DIFFRACTED
8y MonocuromaTor. When the cal-
cite crystal is properly oriented to
diffract the first order of CuKe, it
will also diffract the second order of
CuK«/2, the third of CuK«a/3, and so
on, provided these subharmonies are
present in the polychromatic beam im-
pinging on the crystal (6). Under the
experimental eonditions the second,
third, and fourth subharmonics were
present. Considering only the effect
of the subharmonies on sample measure-
ments, measured absorption coefficients
will be less than true monochromatic
coefficients, because of differential ab-
sorption of ‘the subharmonics. This
effect will become more pronounced
as sample absorbing power increases.
The effect on T, determination should
be smaller, because an absorption edge
oceurs for the brass foils between CuKe
and CuKa/2. The over-all effect on
monochromatic absorption measure-
ments should, then, be mainly due to
sample measurements and the curves
should be rotated counterclockwise to
give less negative slopes.

To test whether subharmonics have
any appreciable effect, a number of
509, samples were prepared, and, in
addition to the usual diffraction and
absorption measurements, an extra
set of monochroratic absorption meas-

urcments was made with kilovoltage-

reduced sufficiently to eliminate sub-
harmonics from the heam incident on
the crystal.

A comparison of normal monochro-
matie, test monochromatic, and normal
polyehromatic results is given in the
first line of Table III. The figures
given are the intercepts of the curves
with ul/ur = 1.0 and their slopes.
Subharmonies did affect the monochro-
matic results, and the slopes were less
negative under their influence, as
predicted. Consequently, the agree-
ment in slope between theoretical and
experimental monochromatic results was
fortuitous.

4.0
o
2 sof
o
Zz
© 20t
'_.
3
o ST
n
2 \

10 | L ) Y

04 06 08 40 15 20 30
DIFFRACTION RATIO

Figure 1. Comparison of experimental and theoreti-

cally predicted diffraction-absorption curves

GrrGEr COUNTER NONLINEARITY.
When x-ray intensities are measured
with a Geiger counter, they are
proportional to true intensities only
for very low counting rates. If sub-
seripts 7 and M are used to refer to
true and measured intensity values,
respectively, and 7 is the resolving time
of the Geiger counter, the relation be-
tween true and measured values for
diffraction measurements may be writ-
ten:

(I)r D)

) At (8

and Equation 1 becomes

(@)% ().

9

(L = M r) _

X T T e )

The factor multiplying z, is greater
than unity and therefore one effect of
nonlinearity is to shift the curves
parallel to the intensity axis. As
it is not constant, a slight rotation is
also predicted, in this case toward
more negative values of the slopes.

Table Il.  Causes of Experimental Deviation
Successive Correc- Monochromatic
;ll'i,c,fs itlx‘;)eplied to Monochromatic (Subharmonics Polychromaitic
Experimental ‘Normal) _ Eliminated) {Normal)
Readings Intercept® Slope® Intercept  Slope  Intercept  Slope

None 0.578 —1.048 0.574 —1.363 0.569 —1.615
Diffraction corrected

for noanlinearity 0.547 —0.991 0.543 —1.286 0.537 —1.527
Absorption corrected

for nonlinearity 0.547 —0.995 0.542 —1.284 0.538 —1,640
Polychiromatic ab-

sorption corrected

on basis on Table

v 0.520 —1.497

¢ Intercept of curve with u¥/p* = 1.0,
& Slope of curve.
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Theoretical
Monochromatic
Polychromatic

Nonlinearity may also have an effect
on absorption measurements and a
mathematical expression for the rela-
tion between the true absorption ratio
and the measured ratio may be derived
on the same basis as the diffraction
correction and inserted in Equation
9. This expression is, however, difficult
to evaluate quantitatively for two
reasons, one being that it is a function
of not only transmitted sample in-
tensities but also the measurements
made on the absorbing foils in the in-
direct determination of Ty Also, trans-
mitted intensities of otherwise identical
samples vary considerably because of
variations in apparent density arising
in"slide preparation.

To determine the effect of non-
linearity, experimental intensity read-
ings were all corrected using Equation
8 and the published value of 270
microseconds (8) for the resolving time
of the Geiger counter. Results of
applying this correction are shown in
Table III, in the second line for diffrac-
tion readings only, and in the third for
both diffraction and absorption. The
effect of correcting diffraction is as
predicted above and absorption correc-
tions produce little change except in
the case of the polychromatic technique.

MisCELLANEOUS ErFrecTS IN PoLy-
CHROMATIC ABSORPTION MEASURE-
MENTS. Because the polychromatic
beam consists of a continuous band of
wave lengths, polychromatic absorp-
tion measurcments are subject to the
same type of error arising in monochro-
matic measurements when subharmonics
are present.  Variation in Geiger counter
sensitivity with wave length also affects
results, as does the approximate pro-
portionality of absorption coefficients
discussed earlier. The over-all effect
of the first two is complicated by the
indirect measurement of 7,, but if any
combination of the three causes an
appreciable difference between theory



and experiment, observed absorption
ratios are significantly different from
ratios calculated for monochromatic
CuKa radiation. A comparison of
the ratios is given in Table IV, and the
polychromatic absorption ratios are
corrected on this basis to obtain the
results given in the fourth line of
Table III. Cloger agreement is ob-
tained with the monochromatic results
in which subharmonics were eliminated
and diffraction and absorption ratios
were corrected for mnonlinearity. In
terms of the angles made with the in-
tensity axis, separation between the
two curves is only about 4°

Table IV. Comparison between Ob-
served Polychromatic Absorption Ra-
tios and Those Calculated for CuKo

Radiation
Poly-

chromatic CuKo
Sample Ratios Ratios
Quartz-tridymite 1.043 1.000
Quartz-gypsum 1.638 1.417

Quartz-calcium
hydroxide 2.074 1.909

Microassorprion. If all errors pe-
culiar to the absorption measure-
ments were systematically corrected
in this way, it should be possible to
arrive at monochromatic and poly-
chromatic relations which arc the
same within the limits of experimental
error. Although there is still some
difference between the two, it has been
reduced considerably, as angular separa-
tion was about 12° for normal, un-
corrected results. It seems plausible
to ascribe most of the residual differ-
encc between theory and experiment to
the diffraction measurement. Possible
causes are preferred orientation, line
broadening, and microabsorption. The
presence of preferred orientation may
be established by a careful comparison
of relative intensities of several quartz
diffracted lines and that of line broaden-
ing by an examination of line profiles.
Neither of these phenomena was ob-
served experimentally. In the original

believed to be a major cause for the
difference between theory and experi-
ment and this conclusion should still
be valid.

Analysis of Known Mixtures. Two
sets of synthetic samples were pre-
pared to test the accuracy of the

method. The first set was prepared .

using materials susceptible to analysis
by either diffraction-absorption method
and by the internal standard. The
second set all contained, in the matrix,
compounds of eclements expected to
cause absorption edge difficulties.
Table V summarizes results obtained
with the first set and establishes the
practicability of the diffraction-absorp-
tion methods. - The diluents used in
the known mixturcs oceur commonly
in routine quartz analysis in this
laboratory. Feldspars and clays also
occur commonly, and because of their
low absorption coefficients should pre-
sent no problems in quartz analysis,

" Occasionzally samples have been re-
ceived containing appreciable amounts
of mullite and fluorite (calcium
fluoride). Mullite also has a small
absorption coefficient, but that of
fluorite is large and samples containing
large amounts of this material cannot
be analyzed by the monochromatic
technique as described. In the experi-
mental determination of the mono-
chromatic diffraction-absorption rela-
tion, results obtained with samples
containing 409, or more by weight
of fluorite had to be discarded because
of this factor. This result is a direct

.consequence of the presence of sub-

‘harmonies in the x-ray beam and a
‘test made with a pure fluorite sample
with kilovoltage reduced to eliminate
subharmonies has indicated that analy-
sis of samples containing considerably
larger amounts of fluorite should be
possible under strict monochromatic
conditions. A disadvantage is the
reduced intensity, which necessitates
fairly long counting times.

Also in Table V are summarized the
results obtained in analysis of the second
set of synthetic samples. - The elements
leading to absorption edge difficulties
were all added in 59, amounts. As
predicted above, large errors result

paper (§) microabsorption (9) was
Table V. Analysis of Known Mixtures
Set 1 . Set 2
Total Total
Total absolute Total absolute
quartz, % error quartz, % error
Actual 692.5 0.0 323.5 0.0
] (100.0) (0:0) (100.0) (0.0)
Internal standard 751 65.5 - o
(108.4) (9.5)
Monochromatic 678 40.5 322.5 31
(97.9) (5.8) (99.7) (9.6)
Polychromatic 729.5 42 408.5 87
(105.3) (6.1) (126.3) (26.9)

when such samples are analyzed by the
polychromatic technique.

DISCUSSION
Methods of Improving Mono-~
chromatic Diffraction-Absorption
Analysis. The monochromatic tech-

nigue as described is limited to
samples with a relatively small range
of  absorption coefficients. Four
methods are possible to extend the
range: reduction of sample thickness,
use of a proportional counter as an
x-ray detector, use of shorter wave
length radiation, and elimination of
subharmonics from the beam incident
on the monochromator.

Reduction of sample thickness may
make sample preparation more difficult
because of lack of rigidity of the thinner
sample. A laboratory press may he
used instead of manual methods for
packing the sample. However, this
will increasc sample densities and some,
at least, of the advantage gained by
reducing thickness will be lost.

Proportional counters for detection
of x-rays are being manufactured com-
mercially and are coming into increasing
use. Taylor and Parrish (8) compare
the proportional counter with the
Geiger counter and discuss its advan-
tages. In particular, the xenon pro-
portional counter has about the same
counting efficiency at all wave lengths
as the Geiger counter and has a linear
response to very high counting rates.
If available monochromator intensity
is assumed to be the same as in the
actual experiment, sample thickness
must again be reduced. Otherwise
transmitted sample intensities will be
the same low values which were ob-
tained experimentally and the linear
response at higher counting rates will
not be utilized. Under these condi-
tions an increase in the measurable
absorption range is obtained and errors
due to nonlinearity should be elimi-
nated.

Use of shorter wave length radiation
allows the samples to be more easily
penetrated by the x-ray beam, and
again a greater range of sample ab-
sorption may be measured. Disadvan-
tages are the smaller dispersion of the
x-ray -diffraction spectrum and the
shift of the spectrum to smaller Bragg
angles.

Table VI shows the calculated effects
of the three factors on the measurable
absorption range. w is the linear ab-
sorption coefficient of quartz and g,
the largest measurable linear absorption
coefficient under the experimental con-
ditions outlined.

CONCLUSIONS
The monochromatic  diffraction-

absorption technique described gave
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Calculated Effects of Changing Experimental Conditions on Range of

Absorption Measurable by Monochromatic Technique

Changes from Original Conditions

Table Vi
None

Radiation CuKa
Detector Geiger
11 0.15
o 38.5
s 56.2
B — B 0.46

0 o
% increase in absorption range 0

Detector
Sample and sample
thickness thickness Radiation
CuK« CuKa MoK«
Geiger Proportional Geiger
0.10 : 0.10 0.15
38.5 38.5 4.08
65.0 84.3 21.8
0.69 1.19 4.34
50 160 840

results comparable’ in accuracy to
those obtained by either the poly-
chromatic or the internal standard
technique. When compared with the
polychromatic technique it is not sus-
ceptible to the errors introduced by
the presence in the sample of elements
on the high atomic number side of the
first absorption edge of the character-
istic radiation used. These errors may
be fairly large before there is any reason
to suspect them. The monochromatic
techuique is not affected by the random
errors associated with approximate
proportionality of absorption co-
efficients at different wave lengths.
The main limitation of the monochro-
matic method is the restricted range
of absorption it can measure, but
samples possibly subject to this limita-
tion will be detected by the absorp-
tion measurement. About 5% of sam-
ples received in this laboratory for
quartz analysis fall in this category.
‘When the diffraction-absorption meth-
ods and the internal standard method
are compared, preparation and analyt-

ical times are about the same. If
the amount of sample available is
much less than 500 mg., it should be
mixed with starch to produce the
necessary bulk to fill the slide cavity
completely for diffraction-absorption
analysis. Internal standard analysis
may be made with as little as 100 mg. of
sample by filling the remainder of the
cavity with starch.

In general, the choice of method for
other quantitative problems will be
determined by the expected range of
sample absorption, the presence or
absence of elements affected by ab-
sorption edges, and whether it is desir-
able to dilute or adulterate the sample.
For determining only one component
of mixtures, any one of the three tech-
niques may be suitable. In some cases
it may be difficult to find a suitable
internal standard and this problem
will become more serious if more than
one component is to be determined.
Black () has deseribed a method for
determining a number of components
in multicomponent mixtures. This

method is fast and accurate but is prob-
ably limited in its application, as it was
used for a specialized analytical prob-
lem, in which a number of factors com-
bined to produce the speed and accur-
acy. In the general case of multicom-
ponent analysis, diffraction-absorption
may be the only suitable method of
obtaining an accurate quantitative
determination.
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Mass Spectra of Trimethylsilyl Derivatives

A. G. SHARKEY, Jr.,, R, A. FRIEDEL, and S. H. LANGER
Bureau of Mines, U. S. Department of the Interior, Region V, Bruceton, Pa.

b The mass specira of 26 dliphatic
trimethylsilyl ethers and eight related
silicon compounds have been obtained.
Fragmentation peaks have been cor-
related with molecular  structures.
Structures have been proposed for
rearrangement ions appearing in the
spectra. By the use of trimethylsilyl
derivatives, compounds of several
classes including alechols, phenacls
amines, and thiols can be determined
in the presence of compounds that
normally interfere,
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ALTHOUGH mass spectrometric meth-
ods have been used to analyze
mixtures of aleohols (1, 6, 7, 9, 16,
17), determination of individual Cy to
Cyp primary alcohols in the presence of
hydrocarbons requires preliminary sepa-
ration before chemical or spectroscopic
methods can be applied. A method,
utilizing the trimethylsilyl ether deriv-
atives of alcohols, has been developed
for rapid, direct analysis of individual
alcohols in hydroearbon solutions (12).
The trimethylsilyl ether derivatives of

alcohols, (CH;)sSiOR, are readily pre-
pared (1) and produce distinet mass
spectra free of interference by hydro-
carbons.

The mass spectra of 26 aliphatic tri-
methylsilyl ethers and eight related sili-
con compounds were obtained. Tri-
methylsilyl ethers have higher volatility
than hydrocarbons and oxygenated
compounds containing fewer carbon
atoms. For example, the mass spec-
trum of a Cy alcohol from a conven-
tional room-temperature mass spectrom-



Compound®

Carbons
Molecular weight

Mass/ cha:,arge

104
115
117
118
130
131
132
145
146
147
159
160
161
162
173
174
187
188
201
202
215
216
230

Sensitivity of base,

div./micromole

Compound?*

Carbons
Molecular weight

Mass/charge
2!

Table |.  Mass Spectra of Trimethylsilyl Derivatives
[Re—OSi(CH;)]
Primary Straight-Chain
Methy?  Ethyl Propyl  1-Butyl 1-Pentyl 1-Hexyl 1-Heptyl 1-Octyl 1-Nonyl 1-Decyl
4 5 6 7 8 9 10 11 12 13
104 118 132 146 160 174 188 202 216 230
87.6¢ 138 | 198 179 267 275 278 174 113 54.9
40.7 30.2 29.0 23.6 33.5 20.5 17.0 8.9 6.1 2.8
180 210 207 151 177 189 194 137 92.0 65.0
149 334 206 262 269 241 201 112 58.5 34.9
11.4 82.1 73.0 79.0 75.4 87.8 75.6 42.8 26.4 15.1
867 333 130 109 128 125 117 65.7 38.3 22.5
39.5 83.4 83.7 86.0 107 110 107 68.4 40.8 24.4
1.1 11 1.8 . . 0.9 ‘1.6 1.4 0.1 0.7
0.7 1.1 1.6 2.0 84.4 12.7 36.4 133 70.0 26.8
41.2 313 567 484 551 528 490 290 173 105
19.6 750 10407 1000/ 10807 1050 984 569 352 212
1.0 1.6 78.8 5.4 14.8 46.7 35.4
12.1 5.1 20.4 12.3 45.6 40.2 20.4 11.4 6.6
123072 2.7 5.3 114 192 179 170 97.5 54.7 33.5
S 11.0 12.5 9.7 60.3 54.9 67.8 46. 29.2 20.8
- 114070 199 217 282 281 277 164 103 60.4
P3.9¢ 109 19.5 21.1 27.0 27.5 25.3 15.9 10.1 5.6
5.3 12.2 8.9 45.6 47.9 21.3 15.4 9.1
5.5 9577 2.5 2.8 9.6 4.0 2.4 1.7 1.0
P9.8 103 0.4 1.2 0.7 0.3 0.2
1.0 1.9 0.6 .
4.4 947 .9 1.9 2.2 15.1 2.7 1.7 1.7
P6.1 112 1.4 0.2
5.0 106090 4.4 1.3 1.2 1.3 2.9
P8.1 140
- 85.7 7.4 1.3 8.0 1.0
4.4 113070 4.4 0.5 0.6 3.1
. P13.0 160 N :
. 1.7 50.1 1.6 .
. 0.4 4.4 o o
I3 10907 3.2
. P 10.4 1656 L .
o 2.8 68670 1.0
P6.6 112 L.
.. e 4387
P2.3 92.9 L
e L. 2657«
P25 49.3
. P1.0
315 270 261 248 286 291 290 280 322 309
: Primary Branched
2-Me- 2-Me- 3-Me- 2,2,Dime- 2-Me- 3-Me- 2-Et- 2-Et-
1-propyl 1-butyl 1-butyl 1-propyl 1-pentyl 1-pentyl 1-butyl 1-hexyl
7 8 8 8 9 9 9 11
146 160 160 160 174 174 174 202
130 231 150 197 176 229 254 304
24.5 17.8 17.3 17.9 17.1 22.3 18.2 14.1
225 141 191 150 208 145 211 184
245 208 219 194 186 193 207 177
65.2 66.5 70.8 59.6 64.3 69.3 74.7 €8.3
92.1 84.3 115. 83.7 80.7 111 86.7 92.4
80.2 80.9 78.6 65.8 82.4 78.6 84.3 98.1
11 0.8 0.9 0.7 ‘170 1.0 1.2 ‘1.7
1.6 10.9 128 3. 20.0 4.1 18.0 74.0
810 687 517 941/ 675 455 747 761
1000/ 9437 674 669 897/ 536 1000/ 1010/
T4 1.6 1.4 1.6 22.6 6197 3.8 34.8
4.1 4.4 21.0 4.1 5.2 19.1 6.6 8.7
10.4 47.2 523 52.0 54.2 326 53.5 73.8
6.2 15.8 31. 28.1 13.0 24.1 13.4 18.1
444 495 630 572 526 274 557 686
T 42,2 47.6 30.6 59.6 51.8 26.5 . 56.3 69.7
7.1 4.2 9.3 1.1 13.3 23.8 9.7 13.6
1.1 1.6 2.5 8.1 5.5 15.6 14.9
0.3 0.4 0.9 1.0 1.5 1.2
6.4 1.1 . 1.4 1.0 1.7 3.3
7637 ..o 2.4 1.0 1.5 4.3
92.4 1.8 1.0 0.3 3

( Continued on iage 772)
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Cempound®

145
146
147
159
150
161

216
230
Sensitivity of base,
div./micromole

Compound®

Carbons
Molecular weight
Mass/charge

Sensitivity of base,
div. /micromole

Tabte 1.

Mass Spectra of Trimethylsilyl Derivatives {Continued)

Primary Branched
2-Me- 2-Me- 3-Me- 2,2, Dime- 2-Me- -3-Me- 2-Et- 2-Iit-
1-propyl 1-butyl 1-butyl 1-propyl 1-pentyl 1-pentyl 1-butyl 1-hexyl
6.4 7310 797ff 4967 2.6 3.5 3.5 13.4
P6.3 95.9 104 65.1 1.8 2.5
32. 34.4 22.7 2.0 3.0 1.6 4.2
3.6 2.5 2.2 55607 423¢ 584 1.8
P9.5 P3.1 P77 78.6 59.7 82.8
1.4 0.4 1.2 24.7 18.9 26.2 0.4
0.4 0.3 2.1 1.7 2.2
... . 2.0 1.2 2.0 3.6
P95 P59 P 3.0
N . . 623¢
102
P10.4
243 194 208 255 202 210 308 305
Secondary L Tertiary
3-Me- 2-Me- 2-Me-
2-Propyl 2-Butyl 2-Pentyl 2-butyl 2-Hexyl 3-Heptyl 2-propyl 2-butyl
6 7 8 8 9 10 7 8
132 146 160 160 174 188 146 160
895.6 150 116 103 260 349 101 200
22.6 21.9 18.1 17.7 19.5 20.6 18.2 19.2
215 178 190 225 175 141 158 200
313 284 257 239 328 253 254 277
80.0 74.6 80.5 63.7 94.5 86.7 76.3 85.2
82.3 92.3 88.1 86.6 87.1 117 58.5 15.0
88.6 84.8 88.1 68.7 110 107 91.8 ]03 0
00 1.0 10 0.8 0.9 1.7 1.5
1.5 1.4 3.6 3.0 25.6 45.9 1 3.3
699 10307 1010 1160 1000 13107 790 1140/
1_290’_7 821 818 565 834 747 1190/ 947
0.7 0.6 0.8 0.8 3.4 3.0 1.0 0.9
8.: 23.6 19.4 24.0 27.4 9.2 2.0 3.3
1.6 2.4 3.1 2.9 5.0 5.6 2.7 2.5
14.5 19.9 29.3 29.2 26.2 37.5 15.1 32.2
0.7 2.7 7.5 3.9 28.0 83.4 0.8 1.6
0.6 2.2 0.7 3.2 8.1
5.1 6.2 4.7 1.5 28.1 56.2 16.6 19.7
9430:¢ 831 107074 11707 1300/ * 6.9 0.9 1.6
102 104 127 137 142 0.7 Lo 0.2
1.6 1.7 1.7 12.6 3.5 5.8
15.1 3157 6.1 0.7 1.3 891+ 7730 754
P1.9 42 .4 1.4 .. 105 86.8 90.0
. .. 2790 182¢ 1.2 50.2 292¢
r11.9 40.2 30.4 . 6.5 P 39.3
15.3 11.2 6.8 1.
2377 570
P10.8 P11.3 33.7 80.4 PO.8
10.6 25.5
e 0.7 2.3
- 112¢
P9.4 17.2
o P88
278 256 282 230 345 325 234 299

¢ Source O, synthesized at Bureau of Mines.
b Aleohol from which trimethylsilyl ether is derived.
¢ Peak height in divisions per Liguid volume (0.00068 cc.) when mass 27, n-heptane = 492 div.
4 Rearrangement peaks except for methyl.
¢ Rearrangement peaks.
7 Base peak, most intense peak in spectrum.
¢ Parent mass minus 15.

# Parent peaks indicated by P.

i Jon resulting from fragmentation at functional carbon—for secondary aleohol derivatives.
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Table Il.  Mass Spectra of Trimethylsilyl Derivatives and Related Compounds
[Ra—08i(CHs)s]
Compound
n-Butyle o-° m-e 2-°
Mercaptan Cresol Cresol Cresol Phenol®
Source® 0 (0] 0 (0] O
Carbons 7 10 10 10 9
Molecular weight 162 180 180 180 166
Mass/charge
29 279 56.6 52.5 54.3 76.8
31r? 22.4 20.9 13.1 12.8 16.4
43 177 128 114 119 166
457 188 179 159 166 192
47r 43.4 27.5 29.3 25.1 37.1
59r 90.6 68.3 54 .4 48.7 42.8
olr 47.8 18.9 20.1 17.1 38.3
65.5
66 4.0 8.6 9.9 8.1 16.9
66.5 ..
73 696 198 122 154 135
7hr 212 101 120 108 131
75.5 111
77 62.4 76.8 - 65.8 69.3 183
87 2.8 2.4 2.9 2.7 1.2
89 6.7 34.0 28.2 25.0 1.5
91 938¢ 545 192 155 128
101 3.7 2.9 2.1 1.9 3.5
103 5.1 14.7 14.2 12.9 3.2
104 4.3 5.7 5.7 7.0 1.0
105 60.0 49.3 72.5 66.8 10.0
115 1.0 1.6 1.4 1.2
117 3.6 1.2 1.4 1.3 1.2
118
119 28.8 2.5 4.9 4.4 2.6
121 2.5 13.6 7.6 6.8 675
-131 5.1 4.2 2.9 2.4 3.2
132 S . .. . .
133 8.9 16.7 4.1 5.5 6.9
135 185 8.0 48.6 60.0
145 1.6 3.8 4.4 3.8
146 ..
147 v 15.9 6.9 6.2 3.1
151 1.4 1820/
159 A R
160 . ... o -
161 11.5 8.5 7.3
162 P 218
165 o 8647 © 152047 1410/ Lo
166 L P 499
180 S P 532 P 523 P 545 o
191 . . L. .
205 '
220
Sensitivity of base,
div./micromole 230 185 327 320 414

¢ Compound from which trimethylsilyl ether is derived.
¢ O, synthesized by Bureau of Mines; D, Dow Corning Corp., DC-200.
¢ Peak height in divisions per liquid volume (0.00068 cc.) when mass 27, n-heptane =

4 Rearrangement peaks.

¢ Base peak, most intense in spectrum.
/ Parent mass minus 15.

7 Parent peak indicated by P.

Hexa-~ Hexa-
Propylene® methyl- . methyl-
lycol disilazane disiloxane
(6] o D
9 6 6
220 161 162
71.2 53.3 75.9
22.5 26.4 24.9
132 101 109
239 131 190
54.0 4.7 16.4
138 109 189
35.3 4.4 12.2
245 6.6
196 38.5 286
28.5 18.1 42.5
044 200 331
136 10.8 40.2
8.7 0.2 1.9
11.4 9.5 41.2
12.4 1.6 7.4
0.8 1.3 10.8
23.1 142 17.1
108 22.6 21.0
11.8 4.0 3.2
11.9 4.7 18.3
21.0 30.7 17.0
695 52.3 28.8
77.1 7.0 6.7
34.0 3.6 8.8
0.9 0.3
2.5 386
42.7 58.5 103
7.4 37.8 16.1
71.6 6.3 39.7
5.8 2.5
C 11.6 S
.. 1820%7 14.9
834 209 23904/
2.1 : 4.7
1.1
1.0
P45.1 S
7.9 P 0.8
101
32.67
P0.8
309 494 668

492 div.

eter is not usable, but the spectrum
of a trimethylsilyl ether prepared from
a Cy aleobol can be obtained without
difficulty.

Trimethylsilyl ethers show several
intense rearrangement peaks in addi-
tion to the expected fragmentation
peaks. Numerous other instances of
intense rearrangement peaks in mass
spectra, mainly of oxygen-containing
compounds, have been reported (8, 10,
14, 16). TEarlier work by Dibeler on a
similar silicon compound, hexamethyl-

disiloxane, (CHa)eS0, also showed
many rearrangement peaks (3).

EXPERIMENTAL

The spectra were obtained on a Con-
solidated Electrodynamies Corp., Model
21-103, mass spectrometer. All sam-

- ples ‘were introduced from a constant-

voluime pipet (0.00068 cc.) through a
mercury orifice system (2). Prepara-
tion of the alcohol derivatives has been
described by Langer (71). Physical
constants for compounds previously re-

ported agree with literature values (13)°
Heart cuts were used in all instances for
mass spectrometer calibrations.

MASS SPECTRAL CORRELATIONS

Fragment Ions. PRIMARY STRAIGHT-
CuaiN TRiMETHYLSILYL ETHERS., Im-
portant peaks in the spectra of the
trimethylsilyl ethers are given in
Tables I and II. A characteristic
mode of fragmentation was found
for all the normal (C, to C.) ali-
phatic trimethylsilyl ethers: Parent
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Table lll. Fragmentation Peaks in Mass Specira of Normal Aliphatic
Trimethylsilyl Ethers
Example. 1-hexyl derivative
Relative
mfe Structures Intensities
43 CH;
N
—8i—(or —C;Hy) 17
/
CH;
N
73 CH;—Si— 45
CH,
CH;
N
89 CH;—S8i—0— 16
CH;
CH, H
N0
103 CH17SI—O——| 25
CH, H
CH;\
Parent minus 15 CH;—Si—0—CH,- - -| CH; 160
X
CH,
or
CH;
N
Parent CH;—;Sl—O—CHr - -CH; 0.9
CH;
250
_CH
ge00f— K R—c/s:{ccﬂ’g —
]
] MasSS 73 £ 100
= _—
z 1s0 r = rearrangement ions
x
3
¥
w 100]-— —
c
3
® 50 —
L3
C Ry weser seE 7375 89 103
m/e
Figure 1. Pattern deviation, normal C; to Cy, aliphatic

trimethylsilyl ethers

mass peaks are weak, but a very
intense peak resulting from the loss of
one of the four methyl groups appears
15 mass units below the parent mass.
Peaks at masses 73, 89, and 103 also are
characteristic of this series, and these
peaks have been correlated with the
trimethylsilyl ether structure. The
spectrum of the 1-hexyl ether is given as
an example in Table III. Mass 43,
which is an important peak in the mass
spectra of raany corapounds, is a major
peek for the trimethylsilyl ethers.
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Patterns of the Cs to Cp normal
aliphatic trimethylsilyl ethers are simi-
lar for normal fragmentation masses 103,
89, 73, 43, and 29, and for rearrange-
ment masses 75, 61, and 45 (Figure 1).
The methyl, ethyl, branched, and sec-
ondary trimethylsilyl ethers do not
show this pattern similarity. The in-
tensity of mass 89, (CH,);8i0+, is
different for the C,, Cs, and C; normal
aliphatic compounds. For the methyl
derivative, mass 89 is the parent-minus-
15 ion and is therefore very strong;

for the ethyl and propyl trimethylsilyl
ethers, mass 89 is much less infense than
for any of the Cs to Cy normal aleokiol
derivatives. Thus, the ion (CHj):Si0+
is unimportant unless the hydrocarbon
chain consists of four or more carbon
atoms.

The most intense (base) peak is the
parent-minus-15 ion for the derivatives
of the normal aleohols Cy, C,, and Cs to
Cyp (Table I). Mass 75, a rearrange-
ment ion, is the base peak for the Cs,
C,, and C;s normal aleohol derivatives,
although the parent-minus-15 peaks are
almost equally intense.

PrivaRY BRANCHED TRIMETHYLSILYL
Eruers. Below mass 103 the same
major peaks appear in the spectra of the
primary branched- and straight-chain
alcohol derivatives. However, the pat-
tern variation is larger for the branched
than for the normal derivatives. The
two derivatives from +-branched al-
cohols, 3-methyl-1-butanol and 3-
methyl-1-pentanol, produce more mass
89 positive ions than other branched- or
straight-chain derivatives (Table I).

I— +
C
R O——Siéc

|
A strong peak corresponding in mass
to the alkyl radical minus two hydrogen
atoms, is also in the spectra of the

y-branched derivatives.
SkcoNDARY TRIMETHYLSILYL ETHERS.
The five ethers derived from straight-
chain secondary alechols show intense

peaks resulting from a break at the func-
tional carbon.

¥
RI——CJ——R»Z (R; is the larger hydro-
| carbon group)

i

Si
CH3/C|H>CH3

This fragmentation produces the base
peak at mass 117 for 2-pentyl and 2-
hexyl trimethylsilyl ethers and a strong
peak at mass 131 for 3-type trimethylsilyl
ethers. The branched-chain secondary
aleohol derivative (3-methyl-2-butanol)
behaves similarly by losing the larger
alkyl group and producing the second
most intense peak in the spectrum at
mass 117. Mass 73 is more intense for
the straight-chain secondary than for
the corresponding primary alcohol de-
rivative and is the base peak for 2-butyl
and 3-heptyl trimethylsilyl ethers.
Parent-minus-15 mass peaks are less
intense for the derivatives of the sec-
ondary aleohols.

TERTIARY TRIMETHYLSILYL ETHERS.
The mass spectra of the two tertiary
aleohol trimethylsilyl ethers are similar.
The parent-minus-15 ion for tertiary
butyl and parent-minus-29 ion for
tertiary amyl produce intense peaks at



mass 131 in both spectra. All other
peaks down to mass 75 are weak.

Rearrangement Ions. Several in-
tense rearrangement peaks appear in
the mass spectra of all the normal
alcohol derivatives with the exception
of methyl, Mass 75 is the most
prominent rearrangement peak and
always one of the three largest peaks
in the spectrum.. Rate of effusion
determinations (4, §) made on mass 75
rule out the possibility of an impurity.
With n-butyl trimethylsilyl ether, iden-
tical effusion rates were obtained for
masses 131, 75, and 73, indicating that
the mass 75 fragment is derived from the
parent mass 146.

Two series of rearrangement peaks
are found in the mass spectra of deriva-
tives of mnormal aliphatic alcohols.
The peaks in the two series are desig-
nated by r; and 7; in Figure 1. The
first series, 1, is that found by Dibeler
in hexamethyl disiloxane, (CH;)gSiz0,
and includes masses 59, 45, and 31 (3).
These same mass ions were also found
by Zemany and Price in the mass
spectrum of tetramethylsilane, (CHz) Si
(18). These authors concluded that
the rearrangement fragments contain
Si—H bonds. The second series, e, also
has peaks differing by 14 mass units
and includes masses 75, 61, and 47.
This series is also explained by rearrange-
ment structures similar to those pro-
posed by Dibeler, with the addition of
an oxygen atom (3).

Derivatives of the branched primary,
secondary, and tertiary alcohols investi-
gated show the same two series of re-
arrangement peaks as the normal com-
pounds, Mass 75 is the base peak in
the spectra of all the derivatives of -
branched primary alcohols given in
Table I.

Rearrangement Apparent
Berles Structure
n 7 (with —0—)
CHy |+
e
59 75 —O0—8i—CH,
N
H -
r CH; |+
45 61 Ve
—0—8i—H
N
E ]
rAT
31 47 —O0—Si—H
N
| H

Isotope determinations indicate that
this is the correct assignment. Re-
arrangement peaks in the mass speetrum
of hexamethyldisilazane, (CHj)¢Si,NH,
parallel those in the spectrum of hexa-
methyldisiloxane.

Analyses of Alcohols by Trimethyl-

silyl Ethers. Because of their high
volatility, normal aliphatic trimethyl-
gilyl ether derivatives of C; to Cie
alcohols can be analyzed by the mass
spectrometer without difficulty. Rel-
ative intensities of the parent—-minus-
15 peak, useful in such analyses,
are given in Figure 2. These peaks
are not fragmentation peaks in the
spectra of hydrocarbons and oxygen-
atéd compounds normally analyzed by
the mass spectrometer. With deriva-
tives of normal C, to C, alcohols, the
total contribution to the characteristic
parent-minus-15 peak of a compound
by its homologs is less than 5% of the
peak intensity. This slight interference
can be corrected on the basis of the spec-
tra of the pure compounds. Consider-
ably less than 1% of any of the normal
aliphatic trimethylsilyl ethers should
be detectable in the presence of hydro-
carbons. Mass 75 is of uniform in-
tensity for the C; to C; normal alcohol
derivatives and therefore serves as a
convenient check on the total alcohol
content,

Individual alcohol derivatives can be
identified as to “type” by means of the
mass spectral correlations described

previously. These can be summarized
ag follows.

Only secondary and tertiary alcohol
derivatives have strong peaks (other
than the usual parent—minus-15 peak)
above mass 103,

The intensity ratio of mass 75 to 73
is different for primary, primary
branched, and secondary alcohol deriva~
tives according to class. The ratios
are given in Table IV,

Mass 89 is useful in determining the
position of branching, Of the primary
aleohols, only those having y-branching
show intense peaks at mass 89.

Secondary and tertiary alcohols can
be identified as to type from the original
alcohol spectrum (6).

The trimethylsilyl derivative of pro-
pylene glycol has the expected very
weak parent peak and an intense parent—
minus-15 peak. In contrast, both the
parent and parent-minus-15 peaks are
intense for the trimethylsilyl derivatives
of phenol, butyl mercaptan, and the
cresols. m- and p-cresol show similar
fragmentation patterns, while o-cresol
has a much less intense parent-minus-15
peak and a more intense mass 91 than
m- and p-cresol. Trimethylsilyl deriva-
tives should aid in the analyses of mix-

1,500 T | | ‘

1,000

PEAK HEIGHT/UNIT LIQUID VOLUME

Avemgh\ }Spveud 18%

SN\

500(—
I N S U Y N O
° S G €y L G G L G G G
) ALKYL GROUPS - NORMAL COMPOUNDS
Figure 2. Trimethylsilyl ethers, parent-minus-15 peak

intensities

Table IV. Type Identification of Alcohols by Trimethylsilyl Ether Derivatives

Alcohol Type
(Trimethylsily]l Derivatives)

Primary-straight chain
1-Butyl to 1-decyl
Primary-singly branched
Butyl to octyl including methyl and
ethyl branching
Secondary-(2-type)
2-Butyl to 2-hexyl

Peak Intensities

. Mass 75 Mass 73
Ratio Mass 73 (Vol. Sensitivity)
Average  Spread Average Spread
2.0 0.1 513 38
1.3 0.2 665 210
0.82 0.04 1013 40

 n-Heptane mass 27 = 492 divisions/liquid volume.
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tures containing these classes of com-
pounds as well as in the analysis of
aleohols.
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Infrared Spectra of Aliphatic Peroxyacids

EDGAR R. STEPHENS, PHILIP L. HANST, and ROBERT C. DOERR
The Franklin Instifute, Laboratories for Research and Development;, 20th and Parkway, Philadelphia 3, Pa.

» The infrared spectra of peroxy-
propionic acid and peroxybutyric acid
were recorded in the vapor phase
from 2 to 15 microns. In addition fo
the C-H and corbonyl bands, the most
prominent absorptions were found at
3.05 microns, 6.9 microns, and 8.5
microns.

N THE ¢oURSE of an investigation of
the photo-oxidation of hydrocarbons
at low concentration in air,
peroxypropionic and  peroxybutyric
acids were prepared and their infrared
spectra recorded in the vapor phase.
Giguére and Olmos have published
the spectra of peroxyformic and peroxy-
acetic acids (2). Their spectrum of per-
oxyacetic acid vapor iz similar to the
spectra reported here. Minkoff has
published spectra which he attributes to
peroxyacetic, peroxypropionic, and per-
oxybutyric acids (3). However, as he
himself indicates, his samples were im-
pure. His spectrum of peroxyacetic
acid is similar to the spectrum obtained
by Gigudre and Olmos, but his spectra
of peroxypropionic and peroxybutyric
-acids are not similar either to the per-
oxyacetic acid spectrum or to the spectra
reported in this work. The chief im-
purity in Minkoff’s samples appears to
have been the ordinary aliphatic acids.
These have been found to be persistent
contaminents of the peroxyacids.

THE SPECTRA

The spectra of peroxypropionic and
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samples of -

peroxybutyric acid are shown in the
upper portion of Figures 1 and 2. These
acids are unstable; for that reason the
spectrum of a fresh sample shows bands
of decomposition products. After the
spectra had been run, the samples were
allowed to decompose in the cell and the
spectra were rerun. Bands of the un-
stable peroxyacids can be identified if a
comparison is made of the spectra ob-
tained before and after decomposition.
For comparison the spectra of pure pro-
pionic and butyric acid vapors were also
recorded and are shown in the lower
portion of Figures 1 and 2.

The spectra were recorded on a
Perkin-Elmer single-beam, single-pass
spectrometer with the use of a Perkin-
Elmer l-meter gas absorption cell
For each of the peroxyacids the vapor
pressure of the absorbing gas was about
3 or 4 mm. of mercury. The acid
vapors were mixed in the absorption
cell with 1 atmosphere of dry, carbon
dioxide—free air which served to retard
the decomposition of the peroxyacids.

The peroxyacids show absorption
bands usually ascribed to the stretching
vibrations of C = 0 (5.7 microns), 0—0
(11.5 microns), and Oy—H (3.05 mi-
crons), as well as other frequencies which
apparently originate in the oxygenated
part of the molecule. These are given in
Table I. The chief distinguishing bands
of peroxyacids appear, from these spec-
tra, to be at wave lengths of 3.05, 6.9,
and 8.5 microns.

The 3.05-band in particular is a use-
ful indication of the presence of per-

oxyacid in complex reaction mixtures.
It is probably due to the OH vibration
and may, therefore, indicate that these
spectra are those of the monomer and
not, the dimer. Giguére and Olmos (2)
discuss in some detail the assignment of
bands in the spectra of peroxyformic and
peroxyacetic acids.

* PREPARATION AND CHEMICAL PROPERTIES

The peroxyacids were prepared by
the method of Fischer, Dill, and Volz
(1) which is essentially as follows.
Aldehyde, in ice-cold carbon tetra-

Table I. Infrared Absorption Bands of
Peroxyacids
Frequency, Wave Length,
Cm. ™t Microns Intensity=®
Peroxypropionic Acid

3280 3.05 M

2940 3.40 8

1760 5.68 S
1450 6.90 S
1180 8.48 S

1000 10.00 w
875 11.43 M
805 12.42 w

Peroxybutyric Acid

3280 3.06 M

2940 3.40 8
1760 5.68 S

1450 6.90 5]
1175 8.52 )
362 11.6 w

@8 = strong; M = medium; W
weak.
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corresponding peroxyacid by bubbling a
stream of ozonized oxygen through the
solution. The peroxyacid was ex-
tracted from solution with aqueous
base. It was converted back to peroxy-
acid by the addition of cold sulfuric acid
and extracted from aqueous solution
with ether. Finally, the ether extract
was fractionally distilled under vacuum
at room temperature.

Three fractions were obtained from
the distillation. Their spectra showed
the chief components to be ether, per-
oxyacid, and the simple acid. The
second fraction was used for recording
the spectra reported herein. This frac-
tion had an oxidizing power as shown
by the iodometric technique equivalent
to approximately 50% by weight of
peroxyacid, and an acid content as
shown by titration with base equivalent
to approximately 909 by weight—
assuming the chief impurity to be the
corresponding simple aliphatic acid.

WAVE NUMBERS (cmIl)

DECOMPOSITION PRODUCTS

Both of the peroxyacids were ob-
served to decompose while their spectra
were being recorded. The spectra re-
corded after decomposition showed the
presence of the corresponding simple
acid and carbon dioxide.

The decomposition of the peroxy-
propionic acid was sufficiently slow to
permit running of the whole spectrum on
a single sample of vapor. However,
the peroxybutyric acid vapor decom-
posed so quickly that it was necessary
to run the spectrum in sections of 2 or 3
-microns each, with the use of a fresh
sample for each section. Af room tem-
perature the half-life of the peroxypro-
pionic acid was several hours, and the

half-life of the peroxybutyric acid was
10 or 15 minutes. No particular signifi-
cance is attached to this rate of decom-
position, as it may have been occurring
on the walls of the cell.
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Photometric Determination of Arsenic and
Phosphorus in Copper-Base Alloys

H. C, BAGHURST and V. J. NORMAN

Defence Standards Laboratories, cfo Post Office, Woodyille, South Australia

P In the photometric determination of
arsenic by the formation of a mixed
heteropoly acid with molybdenum and
vanadium, the factors influencing for-
mation of the complex were examined
and condifions designed to give results
independent of temperature from 17°
to 35° C. were established. The
method was then extended to permit
the simultanecus determination of both
arsenic and phosphorus in deoxidized
copper without prior separation. Phos-
phorus is determined first by develop-
ing the molybdovanadophosphoric acid
complex in nitric acid of sufficient
strength to prevent formation of the
corresponding arsenic complex. Both
complexes are then developed at a
lower acid concentration and the ar-
senic concentration is determined from
oppropriate calibration curves. With
this procedure arsenic and phosphorus
have been determined in concentra-
tions up to 0.60 and 0.10%, respec-
tively.

HEN THE TECENIQUE of Gullstrom

and Mellon (4) was attempted

for the photometric determination of
arsenic in copper, it seemed pertinent
to determine the temperature sensitivity
and the influence of copper on the behav-
ior of the complex. This work was initi-
ated following the authors’ experience (2)
with the corresponding heteropoly acid
of phosphorus in the determination of
phosphorus in steel, where the tempera-~
ture insensitivity of the complex is
markedly upset by the presence of iron.
Preliminary study of the reaction
between vanadate, molybdate, and
orthoarsenate, under the conditions
specified by Gullstrom and Mellon,
showed that the resultant arsenic com-
plex was sensitive to temperature even
after subtraction of the reagent blank.
This effect was most pronounced at
temperatures above 20° C., the net
absorbance at 30° C. being approxi-
mately 25% lower than at 20° C. A
eritical examination of the factors and
conditions affecting the color develop-
ment of the mixed heteropoly arsenic
acid was then undertaken with a view
to establishing, if possible, conditions

which would give the same magnijtude -
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of temperature, variation in both the
colored solutmg and the reagent blank,
thus producifig a constant net absorb-
ance at least over a convenient tem-
perature range.

Determination of both arsenic “and
phosphorus by a simple technique
based on absorbance in the visible
region, involving neither preliminary
separations nor extractions with organic
solvents, also seemed desirable. Ar-
senic has been determined in synthetic
solutions as molybdoarsenic acid by
measuring the absorbance in the ultra-
violet region after extraction with
butyl alechol (6). Interference from
phosphorus may be overcome by a
preliminary selective extraction of the
molybdophosphoric acid with a mix-
ture of chloroform and butyl alcohol.
De Sesa and Rogers (3) have suggested
the possibility of determining phos-
phorus and arsenic in the same sample
by successive extractions—first from
water, then from alcohol—of the simple
heteropoly acids with isoamyl acetate
and measurement of the absorbance
of each in the ultraviolet region.

With the conditions described here
for the arsenic determination, phos-
phorus also forms a colored mixed
heteropoly acid. Although the absorp-
tion spectra of these complexes of
arsenic and phosphorus are similar
(eliminating the possibility of a separate
determination of the absorbance of
each complex by a change in wave
length), further experiments showed
that the photometric method could be
applied to the simultaneous determina-
tion of arsenic and phosphorus by
proper control of the acidity.

APPARATUS AND REAGENTS

Measurements throughout this inves-
tigation were made with a Spekker
Absorptiometer Type H 760 (Hilger
and Watts Ltd.) under the following
conditions: 1-, 2-, or 4-cm. glass cells;
tungsten filament lamp; Kodak violet
filter No. 543 (peak fransmittance at
430 mp); water setting on drum, 1.000.
With this instrument net absorbances
are represented by the differences
between the drum readings of blank and
colored solutions.

Nitrie Acid.
and 4.0N.

Concentrated, 2.00N

Mixed Color Reagent. Dissolve 3.60
grams of sodium vanadate in 800 ml. of
cold water, then add 48.0 grams of
sodium molybdate dihydrate. Filter
if necessary and dilute to 1 liter,

Neutralized Copper Nitrate Solution.
Dissolve 15 grams of high-purity copper
in a minimum quantity of concentrated
nitric acid. Boil to expel nitrous oxide
fumes and dilute to about 300 ml.
Neutralize with ammonium hydroxide
to the first appearance of a permanent
precipitate. Add 2.0N nitric acid until
the precipitate just dissolves and dilute
to 500 ml. with water.

PROCEDURES

Phosphorus-Free Alloys. Dissolve
1.5 grams of the sample in 10 ml. of
concentrated nitric acid, boil off
nitrous oxide fumes, and evaporate to
a small volume to expel most of the
acid. (Solution in concentrated ni-
tric acid oxidizes all. the arsenic to
the quinquevalent state, eliminating
the need for a subsequent oxidation.)
Dilute to about 30 ml. and neutralize
carefully with dilute ammonium hy-
droxide until a faint permanent pre-
cipitate appears. Add 2.0N nitric
acid dropwise with thorough shaking
until the solution just clears. Dilute to
100 ml. in a volumetric flask. Transfer
a 50-ml, portion to a second 100-ml.
flask. One of these solutions is for color
development, the other for the sample
blank.

To one flask add 10.0 ml. of 2.0N
nitric acid followed by 25.0 ml. of mixed
color reagent. Let stand for 10 min-
utes and dilute to 100 ml. To the
second flask add 10 ml. of 2.0N nitric
acid and dilute to 100 ml. Prepare a
reagent blank by mixing 10.0 ml. of
2.0N nitric acid and 25.0 ml. of mixed
color reagent in a third 100-ml. volumet-
ric flask. Let stand 10 minutes and
dilute to 100 ml.

Measure the absorbances of the solu-
tions at the same temperature. Deter-
mine the net absorbance by subtracting
the absorbances of both blanks from
that of the colored solution. Caleulate
the amount of arsenic by comparison
with a calibration curve, which is pre-
pared to cover the range from 0 to 0.75%,
arsenic by adding appropriate amounts
of disodium hydrogen arsenate solution
to samples of pure copper and develop-
ing the color as described above.

Additions of 2.0N nitric acid and
mixed color reagent must be made
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accurately in this procedure. Also, the
temperature difference between the
reagent blank and colored solutionshould
not be more than 0.5° C., when the
absorbance measurements are made.

Alloys Containing Phosphorus and
Arsenic. Dissolve according to the
procedure given for phosphorus-free
alloys. Again, the use of concen-
trated nitric acid assures conversion of
all the phosphorus to the orthophos-
phate, ~ After dilution to 100 ml.,
transfer 20-ml. aliquots (equivalent to
0.3 gram of sample) to each of three
100-m]. volumetric flasks. To the first
flask add 40 ml. of 4.0N nitric acid and
25.0 ml. of mixed color reagent and
dilute to 100 ml. Let stand for 15
minutes and measure the absorbance in
a 4-cm. cell. This solution gives the
absorbance for phosphorus at a nitric
acid acidity of 1.6N.

To the second flask add 10.0 ml. of
2.0N nitric acid and 25.0 ml. of mixed
color reagent. Dilute to 100 ml
Place this solution and a reagent blank
(prepared in the same way but without
a sample aliguot) in a water bath at a
temperature between 17° and 30° C.
and measure the absorbances in 2-cm.
cells. The colored solution in this case
gives. the absorbance for arsetic plus
phosphorus at 0.2N nitric acid acidity.

Prepare the sample blank by adding
10 mb. of 2.0N ritric acid to the third
flagk and diluting to 100 ml. Measure
the absorbance of this solution in 2-
and 4-cin. cells.

CaviBraTioNn Curves. The simul-
taneous determination of arsenic and
phosphorus requires three separate
calibration curves. Vanadate and
molybdate from different sources do not
always give identicalabsorbances; there-

fore, it is desirable to check the calibra-
tion whenever the reagents are changed.
The curves prepared as described below
are shown in Figure 1.

Phosphorus Complex in 1.6N
Acid. Add appropriate amounts of po-
tassium dihydrogen phosphate to 10
ml. of the neutralized copper nitrate
solution (equivalent to 0.30 gram of
copper), followed by 40 ml of 4.0N
nitric acid and 25.0 m!. of mixed color
reagent. Dilute to 100 ml and let
stand for 15 minutes. Prepare a
sample blank containing the same
amounts of copper and. acid but no
phosphate or color reagent. Measure
the absorbances of blank and colored
solutions (which need not be at the
same temperature) in 4-cm. cells.

B, Phosphorus Complex in 0.2N
Acid. To correct the total absorbance
in 0.2N aéid for the phosphorus contri-
bution, & phosphorus calibration curve
in 0.2V acid is aJso required.

Add appropriate amounts of potas-
sium dihydrogen phosphate to 10 ml. of
the neutralized copper nitrate solution,
followed by 10.0 ml. of 2.0N nitric acid
and 25.0 ml. of mixed color reagent.
Prepare a combined blank containing
the same amounts of copper, acid, and
color reagernt but no phosphate. Dilute
both the colored solution and the blank
to 100 ml. and bring to the same tem-
perature in a water bath (within the
range from 17° t0 30° C.) -Measure the
absorbances in 2-cm. cells.

C. Arsenic Complex in 0.2N Acid.
Add appropriate amounts of disodium
hydrogen arsenate to 10 ml. of the cop-
per nitrate solution, followed by 10.0
ml. of 2.0N nitric acid and 25.0 ml. of
mixed color reagent. Prepare a sample
blank containing copper and acid only,
and a reagent blank containing acid and
color reagent only. Dilute all solutions
to 100 ml., bring to the same tempera-
ture in a water bath (17° to 30° C.),
and measure the absorbances in 2-cm.
cells. The absorbance due to the
arsenic complex is obtained by subtract-
ing the sum of the absorbances of
sample and reagent blanks (net blank
absorbance) from the absorbance of the
colored solution.

CALcULATIONS. Percentages of phos-
phorus and arsenic in the alloy are
obtained from the calibration curves and
the following relationships:

Absorbance due to phosphorus = ab-
sorbance of solution at 1.6N — ab-
sorbance of sample blank (4-cm. cells,
curve A, Figure 1).

Using this result, read the phosphorus
correction from curve B, Figure 1.

Absorbance due to arsenic = absorbance
of solution at 0.2N — (absorbance of
reagent blank + absorbance of sample
blank + phosphorus correction) (2-cm.
cells, curve C, Figure 1).

PRELIMINARY EXPERIMENTS

Arsenic Determination. Initial ex-
periments in nitric acid solution with
1 gram of sodium -molybdate and
0.03 gram of sodium vanadate per
100 ml. of solution confirmed the
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statement of Gullstrom and Mellon
that it is necessary to work in a weakly
acid solution, becausc with increasing
acidity the absorbance of the solution
decreages rapidly.

At the start the molybdate concentra-
tion was kept constant at 1.0 gram per
100 ml. of solution because a large
excess is necessary for the develop-
ment of a heteropoly acid. The acid
concentration was varied from 0.15-
to 0.304 and the sodium vanadate
concentration from 0.015 to 0.18 gram
per 100 wl. of solution.

The results (Figure 2) can be sum-
marized as follows:

Acid concentration is highly eritical
for a given concentration of vanadate.

The same maxiraum net absorbance
can be attained irrespective of acid con-
centration, but the higher the acid con-
centration, the greater the amount of
vanadate necessary for the development
of this maximura.

Further increases in the amount of
vanadate beyond that required to pro-
duce the maxireum bring about &
marked reduction in the net absorbance
of the solution in 0.15- and 0.20N solu-
tions. This effect could not be inves-
tigated at higher acidities because the
amounts of vanadate required caused
the absorbance of the reagent blank
to beeome prohibitively high.

Concurrently, the temperature effect
was studied over the range from 10°
to 35° C. for all combinations of acid
and vanadate concentration plotted
in Figure 2.  Examination of the
results showed that selection of an
acid concentration of 0.2N together
with a sodium vanadate concentration
in the vicinity of 0.09 gram per 100
ml. gave minimum temperaturc de-
pendence. Further work with sodium
vanadate concentrations between 0.075
and 0.12 gram per 100 ml in 02N
nitric acid solution showed that results
substantially independent of tempera-
ture could be obtained between 17°
and 27° C. with from 0.08 to 0.11 gram
of sodium vanadate. The amount of
vanadate obviously is not highly critical
within these fimits, but the same amount
must be added to both colored solution
and reagent blank.

When the acid concentration was
standardized at 0.2N and the sodium
vanadate at 0.090 gram per 100 ml,
a study of varying molybdate concen-
tration showed that the net absorbance
reaches a maximum at 1 gram of sodium
molybdate and remains constant up
to 1.6 grams. A concentration of
1.2 grams per 100 ml. of solution was
selected for the procedure. A tempera-
ture survey showed that the effect of
the increased molybdate was to mini-
mize the effect of temperature further.
Substantially constant results could
now be cobtained from 17° to 35° C.

A study of the influence of copper on
the temperature sensitivity of the com-
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plex under these optimum conditions
indicated that the copper nitrate back-
ground color remained constant from
15° to 40° C. The copper also’ had
no effect on the temperature sensitivity
of the complex when the optimum con-
centrations of reagents were used.
Phosphorus and Arsenic in Same
Alloy. In developing a procedure
for phosphorus, the optimum condi-
tions of acidity and reagent concentra-
tion established for arsenic were

used. Experimental work was con- -

cerned essentially with developing
the phosphorus and arsenic complexes
together in 0.2N nitric acid and with
establishing conditions for determina-
tion of the phosphorus complex without
interference from arsenic. It was de-
sired to use aliquots from the same
original solution to determine arsenic
and phosphorus together and phos-
phorus alone, and to use the same con-

centration of mixed color.reagent as

well.

Preliminary experiments showed that
a yellow complex could be developed
satisfactorily with orthophosphate in
the presence of copper. Conditions
for the arsenic procedure were used.
Although the amount of vanadate
was several times higher than usual for
the determination of phosphorus (7),
the absorbance was independent of
temperature from 15° to over 30° C.

acid and vanadate concentrations was
not examined at acid normalities above
0.3 for the arsenic determination, it
seemed possible that, with the vanadate
concentration selected, the develop-
ment of the arsenic ecomplex might be
completely inhibited if the acid con-
centration was sufficiently high.

In studying the effect of acid con-
centration, both the arsenic and the
phosphorus complexes were developed
at room tcmperature in the presence
of 0.75 gram of copper, with 0.09
gram of sodium vanadate and 1.2
grams of sodiuma molybdate per 100
ml. of final solution. The amounts of
arsenic and phosphorus added (as
orthoarsenate and orthophosphate) were
5 mg. and 1 mg., respectively, these
amounts being chosen to correspond
approximately with the maximum
amounts of arsenic and phosphorus
likely to be encountered in phosphorus
deoxidized arsenical coppers, As the
nitric acid concentration was varied
from 0.2- to 2.0V, the molybdovanado-
phosphoric acid color was completely
developed within 10 minutes at 20°
C. at acid concentrations up to 1.6N.
Under these same conditions the de-
velopment of color due to the arsenic
complex was increasingly inhibited,
so that the color was negligible at
1.6N and completely extinct at 2.0N
acid concentration (Figure 3). Fur-

Although the interdependence of thermore, the absorbance due to either
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the reagent blank or the molybdovana-
dophosphoric acid complex was not
affected by temperature variations at
this acidity.

DISCUSSION

Arsenic Determination. The sen-
sitivity of this method is such that

it may also be applied to the deter- .

mination of small amounts of arsenic
in brasses and similar alloys in the
range from 0 to 0.10%, using 4-cm.
cells in the Spekker Absorptiometer.
When small amounts of arsenic are
sought, however, the compensation
achieved by using a reagent blank may
be insufficient to permit the determina-
tion to be made over a wide tempera-
ture range from the one calibration
graph. Accurate results can still be
obtained, though, if the absorbance of
the sample is measured at the same
temperature as that used for calibra-
tion.

In applying the method to the de-
termination of arsenic in brasses, the
effect of elements commonly present
in brasses was re-examined. Zinc does
not interfere, and small amounts of
tin not precipitated in dilute nitric
acid solution can be tolerated. The
method is not applicable in its present
form to alloys containing appreciable
amounts of tin. The following ele-
ments can also be tolerated, at least
up to the percentages given, without
introducing an error greater than
0.005%:

% %
Lead 4 Manganese 0.2
Nickel 2 Cadmium 0.2
Aluminum 2 Bismuth 0.05
Iron 0.5 Antimony 0.05

Phosphorus and Arsenic Deter-
mination. Because of the widely
divergent conditions used in other
photometric procedures for phos-
phorus, it seems pertinent to discuss
further the question of arsenic inter-
ference in the determination of phos-
phorus by a method based on the
reaction between orthophosphate, vana-
date, and molybdate. Although the
present method requires an acid con-
centration as high as 1.6N to make
the arsenic interference negligible, much
lower acid concentrations can safely
be used if the vanadate concentration
is correspondingly reduced. Thus, in
the three ASTM methods for the
determination of phosphorus in various
copper-base alloys, acid concentrations
range from 0.45- to 1.15¥, and am-
monium vanadate concentrations from
0.01 to 0.025 gram per 100 ml. of final
solution. No interference from arsenic
results even at acid concentrations of
0.45N under these conditions, whereas
Lutwak’s modification (5) of the ASTM

procedure, employing a lower acid
concentration (0.35N) and 0.01 gram
of ammonium vanadate per 100 ml.,
is subject to slight interference if
arsenic is present.

Braxks. The success of the simul-
taneous determination is entirely de-
pendent upon the use of the appropriate
blanks at each stage of the procedure.
When the mixture of vanadate and
molybdate is added to a nitric acid
solution of copper, arsenate, and phos-
phate, the total absorbance measured
comprises contributions from four con-
stituents. The copper nitrate, excess
color developing reagent, and the two
complex acids obviously are colored.
But there is also a contribution of
unknown cause from the combination

of copper and the color developing
-agent, because the absorbance of a

solution containing acid, reagents, and
copper (combined blank) is greater
than the sum of the absorbances of
sample blank and reagent blank.

The combined blank is the only blank
containing all constituents (other than
the mixed heteropoly acids) contribut-
ing to the absorbance of the solution
and is, therefore, the only blank per-
mitting evaluation of the contribution
of the phosphorus heteropoly acid at
0.2¥. This blank, however, can ob-
viously have no place in the subscquent
analysis of actual samples.

Unlike the phosphorus calibration at
0.2N, which is merely a correction
graph and also has no counterpart in
the analysis of a sample, the arsenic

" ture.

calibration requires a net blank rep-
resenting the sum of the absorbance
of two blanks: the reagent blank
through which compensation for tem-
perature is achieved and the sample
blank to account for background varia-
tion.

At 1.6N the absorbance of the rea-
gent background is much Jower than
at 0.2N and is independent of tempera-
A reagent blank at this normality
is therefore unnecessary, and only a
sample blank is used. The absorbance
of the copper nitrate background is
independent of both acid concentra-
tion and temperature, so that the actual
analytical procedure can be simplified
further by preparing only one sample
blank, either at 0.2- or at 1.6N, and
measuring the absorbance in both 2-
and 4-cm. cells.

Consideration of these facts shows
that the phosphorus calibration graph
at 0.2N should pass through the origin,
that the zero point on the arsenic
calibration curve represents the differ-
ence between the combined and net
blanks—i.e., the absorbance of the
copper - vanadium - molybdenum  com-
plex—while the zero point on the
phosphorus calibration curve at 1.6¥
represents, in addition, the absorbance
of the excess reagents at this normality.
Because the same procedure is adopted
in both calibration and sample analysis,
the fact that curves A and C of the
calibration graph (Figure 1) do not
pass through the origin introduces no
ETTOr.

ACCURACY
Table 1. - Determinations of Arsenic
in Synthetic Samples The accuracy of the method for
. arsenic and its independence of tem-
Arsepic, 7o perature were checked by analyzing a
Pergi' Found Dift TemEeé““re’ series of synthetic standards prepared
: ) by adding "high-purity, elemental ar-
8%?8 gggg —8835 gg senic to pure copper and dissolving in
. 13 . 4 M
0350 0 347 —0.003 s conce.ntraf;ed ngtnc acid. The results
0.500 0.500 0.000 28 are grven in Table 1. X
0.750 0.750 0.000 22 A sample of tough pitch copper (No.
23d, certificate value, 0.42%, arsenic)
Table Il. Simultaneous Determination of Arsenic and Phosphorus in Copper-Base
Alloys
Present, % Found. %
Sample No. Arsenic Phosphorus Arsenic Phosphorus
1 . 0.066 Nil 0.066
2 0.07 0.055 0.07 0.054
3 Q.19 0.035 0.19 0.035
4 0.27 0.022 0.26 0.024
5 0.31 0.017 0.31 0.016
6 Q.41 ... 0.41 Nil
7 0.10 0.100 0.10 0.098
8e 0.30 0.050 0.29 0.050
9o 0.60 0.020 0.60 0.020
102 0.60 0.100 0.58 0.099

& Synthetic samples.
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from the Bureau of Analyzed Samples
Ltd., England, were also analyzed at
different temperatures. The same re-
sult of 0.41%, arsenic was obtained over
the range from 17° to 35° C.

Phosphorus and arsenic were deter-
mined simultaneously on accurately
analyzed standards as well as synthetic
standards (prepared from pure copper,
orthoarsenate, and orthophosphate).
The results are given in Table 1T,
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Prewaves and Postwaves in the
Polarography of Phenyl Ketones

PHILIP J. ELVING and JOSEPH T. LEONE

University of Michigan, Ann Arbor, Mich,

p The pre- and postwaves which have
been reported to accompany the
normal polarographic waves found for
aromatic carbonyl compounds are due
to the effect of ultraviolet radiant
energy on the solvent used to prepare
stock solutions of the carbonyl com-
pound; the carbonyl compound appar-
ently serves as a photochemical sensi-
tizer or catalyst. lIrradiation of o
solution of propiophenone in 95%
ethyl alcohol showed the gross reaction
producing the prewave to be zero
order in nature and the material pro-
duced to be polarographically identical
with that formed in normally aged
ketone stock solutions. The electro-
active species producing the prewave
was desiroyed or transformed to a
nonreducible species by ‘sodium bi-
sulfite. The postwave was duve to
acetaldehyde. The ketone wave itself
was unaffected by irradiation or added
bisulfite.

REVIOUS INVESTIGATORS (I, 4, 8) of
the polarographic behavior of
aromatic carbonyl compounds have
noted that on aging, stock solutions of
aldehydes and ketones in ethy! aleohol
developed & polarographic prewave—
i.e., & wave which appeared at less nega-
tive potential than the normal wave due
to carbonyl group reduction. The cause
of this phenomenon was not determined.
Ina study of benzaldehyde, Tokuoka (8)
attributed the prewave to peroxides
formed during aging; however, this
conclusion was not based on specific
experimental investigation of the pre-
wave. Postwaves have apparently also
been observed.
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In the course of an investigation of
the polarography of aromatic ketones
(7), additional polarographic waves were
noticed when aged stock aleoholic solu~
tions of ketones were used to prepare test
solutions. As the appearance of these
extraneous waves indicated that one or
more reactions leading to formation of
additional electroactive species had
occurred, a study was made to deter-
mine the cause of these prewaves and
postwaves.

From a series of qualitative tests in-
volving the probable factors for the
reaction—i.e., ketone, aleohol, air, and
light—it was concluded that radiant
energy was the primary cause of ex-
traneous waves. Consequently, quanti-
tative irradiation experiments utilizing
ultraviolet radiant energy were per-
formed on solutions of propiophenone in
95%, ethyl alcohol,

EXPERIMENTAL

Chemicals. Eastman Kodak white
label grade propiophenone was puri-
fied by distillation through a 1 X 28
cm, helix-packed column; the product
had a boiling point of 114° C. (28 mm.)
and n% of 1.5245. Reagent grade
95% ethyl alcohol was used. Other
chemicals used were also of reagent
grade. The nitrogen used for deoxy-
genating polarographic test solutions
was purified and equilibrated by bub-
bling it successively through sulfuric
acid, alkaline pyrogallol solution, dis-
tilled water, and, finally, a portion of
the test solution.

Apparatus. The irradiation appa-
ratus consisted of a Westinghouse sun
lamp affixed to an inverted U-stand;
a manually operated shutter was
clamped immediately below the lamp.

(2) Baghurst, H. C., Norman, V. J.,
Anar. CmeM. 27, 1070 (1955).

(3) De Sesa, M. A., Rogers, L. B., Ibid.,
26, 1381 (1954).

(4) Gullstrom, D. K., Mellon, M. G,
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(5) Lutwak, H. K., Analyst 78, 661
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The reaction vessel consisted of a tall,
calibrated, 250-ml. beaker immersed
in an ice bath; the center of the lamp
outer wall was 30 cm. from the level
of the beaker lip.

Polarographic data were obtained on
a Leeds & Northrup Type E Electro-
Chemograph and a water-jacketed H-
cell (6) containing a saturated calomel
reference electrode (S.C.E.); the cell
was maintained at 25.0° & 0.1°C. For
the 0° runs, an unjacketed H-cell, main-
tained at 0.0° =+ 0.1° C., was used.
The data in Table I were obtained with &
capillary having m = 1.172 mg. per
second and ¢ = 5.48 seconds at open
circuit in distilled water ( = 60 cm.,
T = 25° C.); the capillary used to ob-
tain the data in Table II had m =
0.952 and ¢ = 5.97. Al polarographic
test solutions had an ionic strength of
0.46M and contained 9.5% ethyl
alcohol; presence of the latter casts
some doubt on the absolute validity of
the pH measurements reported.

Irradiation Procedure. A stock
solution of ketone (5.45 mM) in 95%,
aleohol was placed in the uncovered
reaction vessel and irradiated for 10-
minute intervals by opening the
shutter; the distance from the light
source to solution level was originally
34.75 em. At the end of each time
interval, the shutter was closed and,
after stirring, a 5-ml. sample was re-
moved and placed in a 50-ml. volumetric
flask. The solution level dropped 0.25
=+ 0.05 em. after the removal of each
sample. The exposure time, ¢, was
corrected for the increase in distance, d,
between the radiant energy source and
the solution level by means of the rela-
tionship, & = Ii, where E is the amount
of exposure, I is the radiant energy in-
tensity, and I varies as d—2. The tem-
perature of the reaction mixture was al-
ways found fo be 1.0° == 0.1° C. Ten
samples were thus collected, diluted 1



to 10—i.e., 10 0.545 mM—with ammonia
buffer (NILCl -+ NH,; pH = 8.9)
and polarographed in the usual way.

EXPERIMEMTAL RESULTS

Preliminary Studies. Solutions of
propiophenone in 95% ethyl aleohol
were stored in the dark and in day-
light—i.e., near & window—and cx-
amined polarographically (pH 8.2
ammonia buffer) at the end of 1 week.
The solution stored in the dark gave
only the normal ketone wave, while that
exposed to daylight also gave a pre-
wave. Subsequently, 959, ethyl alcohol,
exposed to daylight for the same period
of time, was used to prepare a ketone
stock solution; polarographic examina-
tion showed that no electroactive mate-
rial, other than the ketone, was present.

The ketone stock solution which had
been exposed to daylight was allowed to
stand under similar conditions for 5
more weeks, after which time the solu-
tion (4.90 mM in ketone) was examined
polarographically in both acetate and
ammonia buffers (Table I). The half-
wave potential, K1, of the prewave was

pH-independent over the pIl range of 4
to 9. Its diffusion current (average,
0.86 wa.) was essentially constant over
the same pH range. The ketone wave
exhibited the same behavior as fresh
propiophenone solutions (7). In addi-
tion to the prewave and normal wave, a
postwave (occurring after the normal
carbonyl group reduction wave) of
constant Eyz2 was observed in alkaline
solution; the postwave is masked by
background electrolyte discharge in
acidic solution.

Irradiation Studies. The electro-
active species generated by controlled
artificial irradiation of a.545 mM
stock solution of propiophenone in
95%, ethyl alcohol kept at 1.0° % 0.1°
C. produced, after dilution to 0.545
mM with ammonia buffer, a polaro-
graphic prewave, which was identical
with the one derived from aged stock
solutions. The magnitude of the pre-
wave increased linearly with irradiation
time (Table II) and consequently the

gross photochemical reaction exhibits .

zero-order kinetics—i.e., d(s)/dt = k,
where % is the reaction constant, {;is a
measure of the electroactive material be-

Table I. Effect of pH on Eiz and i; of Polarographic Waves Appearing in
Exposed Propiophenone Solutions® )

Prewave Normal Wave Postwave
Run E.p, 4, Eys, 4, Ey», id,

No. pH -v. pa, -, ua, -v, 7%

1 3.9 0.99 0.69 1.27 0.90 Buffer discharge -

2 4.7 0.98 0.78 1.27 0.63 Buffer discharge

3 5.7 0.97 0.93 1.36 0.66 Buffer discharge

4 8.1 0.98 0.96 1.456 1.14 ca.1.74 ..

5 8.7 1.01 0.87 1.48 1.86 ca. 1.72 ..

6 9.2 1.00 0.93 1.49 1.86 1.71  0.36

¢ Polarographic test solution had ketone concentration of 0.490 mM. Runs 1 to 3 made

in acetate buffer; 4 to 6 in ammonia buffer.

Table . Effect of Ultraviolet Radiant Energy on Subsequent Polarographic
Behavior of a Solution of Propiophenone in Alcohol
Polarographic Data,®
Ammonia Buffer, pH 8.9
Prewave Normal Wave

Run Exposure Ein, -4, Eyp, ta,

No. Time, Min. -v. pa. -v. (8. I
g 10.0 1.15 0.08 1.483 2.15 3.60
2 19.9 1.04 0.10 1.483 2.22 3.72
3 20.6 1.03 0.27 1.487 2.20 3.69
4 39.2 1.01 0.36 1.485 2.18 3.68
5 48 .6 1.03 0.45 1.485 2.20 3.69
6 57.9 1.01 0.52 1.484 2.15 3.60
7 67.1 1.02 0.62 1.482 2.14 3.58
8 76.2 1.02 0.70 1.483 2.10 3.37
9 85.1 1.01 0.79 1.480 2.13 3.40

10 93.8 1.01 0.90 1.484 2.1 3.37

11 93.8 1.01 0.98 1.485 2.25 .

12 93.8 1.04 0.80 1.508 1.40

o Polarographic data for runs 1 to 10 obtained at 25° C. and corrected head of 63.2 em.
Runs 11 and 12 made at 78.2-cm. (25° C.) and 63.2-cm. corrected head (0° C.), respectively.
® These runs gave such emall prewaves that calculations were extremely difficult and

are probably in considerable error.

ing produced, and { is the reaction time.
k = 0.092 pa. per minute, where the
polarographic current times 10, the
dilution factor, is taken as a measure of
the concentration of the reducible mate-
rial formed. If it is assumed that the
electroactive species producing the pre-
wave has a diffusion coefficient of 0.7 X
107%5q. cm. sec. ™! and undergoes a two-
electron reduction, %k corresponds to
0.022 mmole liter™!min.”! By re-
lating k& to ketone concentration, one
obtains &/ = 0.0040 mmole/mmole
ketone/liter minute.

As with naturally aged samples, there
was indication of a slight postwave
whose E1,2 was approximately that of the
postwave formed in the naturally aged
stock solution. Variation of 7: both
with height and with temperature in-
dicated that the electroreduction pro-
ducing the prewave is a diffusion-con-
trolled process. The normal ketone
wave was unaffected by the irradiation;
in particular, its ¢; did not change in
magnitude. Comparison of runs 10,
11, and 12 (Table IT) as to effect of height,
and temperature on 7z shows that both
the prewave and the normal wave are
diffusion-controlled. The teraperature
coefficient of the prewave was 0.5 per
°C., while that of the normal wave was
1.6% per °C.; the current for both
waves was proportional to (hy/h;)'"—
ie., 1.11.

Addition of a small amount of sodium
bisulfite to the irradiated (100 minutes)
solution destroyed or deactivated the
electroactive species producing the pre-
wave and postwave without affecting the
normal wave of the ketone carbonyl

group.

DISCUSSION

Effect of Irradiation and Aging.
The irradiation experiments showed
that formation of the electroactive
material producing the extra waves, as
an apparent result of aging, is, in fact,
due to exposure to ultraviolet radiant
energy. Furthermore, because the
magnitude of the prewave can be
made greater than that of the normal
carbonyl group reduction by continued
irradiation of the stock ketone solution,
and the normal ketone wave is un-
affected, the solvent must be the source
of the prewave-producing material.
The fact that the ketone must be present
in order for the reaction to take place is
evidence that the ketone acts as a sensi-
tizer (3) or catalyst.

The prewave-producing material itself
is probably not peroxidic in nature, as
stated by Tokuoka (&), as peroxides are
known to react when exposed to ultra-
violet radiant energy—e.g., diethyl
peroxide goes to biacetyl (2). Since
bisulfite deactivates the electroactive
species by either reducing it or combining
with it, and the wave height becomes
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greater than that of the ketone wave
without affecting the latter, the electro-
active material must be an oxidation
product of ethylalcohol. At first, it was
thought that biscetyl was produced
(possibly through a peroxide inter-
mediate); however, the polarographic
behavior (5) of biacetyl, as well as that
of possible peroxides and hydroperoxides,
does not satisfactorily correspend with
that of the prewave-producing materisl.
" Unfortunately, as no polarographic data
which agree with those of the oxidation
produet could be found in the literature,
it was impossible to identify the mate-
rial from the information available,
The Ei2 of the postwave and its subse-
quent destruction with bisulfite indicate
the wave to be undoubtedly due to some
acetaldehyde whieh is also formed during
the photochemical oxidation of ethyl
aleohol.
The 1eaction leading to the prewave-
producing material shows zero-order

kinetics. This is in agreement with the
polarographic results, in that the kinetic
data also suggest that the ketone must be
a catalyst or sensitizer and that the
ethyl alcohol must be the progenitor of
the prewave-producing material.

As the present authors were interested
only in determining the cause of the
prewave and the postwave, and in as-
certaining whether it affected the normal
ketone wave, no studies were made in
solvents other than ethyl alechol and no
further attempts were made to identify
the prewave electroactive species. This
could presumably be identified by
isolating it or its reduction product and
characterizing either of them by usual
methods. Another possible approach
might be a polarographic study of all
possible oxidation products and compari-
son of their behavior with that of the
electroactive  material. The latter
method would probably be more tedious
than the more direct approach.
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Carbon Replica Technique for Examination
of Paint Surfaces in Electron Microscopy

WILLIAM R. LASKO

Research Laboratory, Titanium Division, National Lead Co., Sayreville, N. J.

» The organic nature of paint surfaces
necessitates the elimination of organic
solvenis for replication. The use of a
water-soluble plastic as the primary
replica with evaporated carbon as the
final replica, followed by shadowing,
has proved successful. Examples illus-
trating the attack of organic solvents
on baked paint surfaces are presented
and details of the methylcellulose-
carboen replica technique are described.

REPLICATION TECHNIQUES have re-
ceived wide acceptance for the
study of surface structure of materials.
The simple plastic film technique has
been particularly successful. Recent
work reported by Agar and Revell (1)
has demonstrated that a true plastic
" replica of the surface (with the top sur-
face of the replica flat) requires a film
thickness approxirgately twice the thick-
ness of the structure height. This
criterion is not always achieved when
using Formvar replicas, but it is possible
to obtain satisfactory results even if the
surface structure penetrates to the top
surface of the replica. Iowever, with
very rough surfaces, thick rcplicas are
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required to prevent rupture in the elec-
tron beam. This introduces electron
transmission difficultics when attempt-
ing to study such surfaces as paint coat-
ings because of the roughness encoun-
tered, and suggests the use of multiple
step replica techniques.

Multiple step replica techniques have
the disadvantage of loss of detail due
to repeated replication. Bradley’s work
(8) on the carbon replica technique, how-
ever, indicates that the primary Form-
var replica is capable of a surface resolu-
tion of about 80 A. While there seems
to be some question with respect to the
final resolution following multiple repli-
cation, the resolution is adequate for the
study of paint surfaces reported here.

REPLICATING SYSTEMS

In the study of surfaces of inorganic
materials, the use of aromatic or ali-
phatie solvents for the plastic replicating
medium is satisfactory. For surfaces
of organic coatings however, solvents
cause an uncertainty in the reproduc-
tion process because they can attack the
organic phase. When this takes place,
part of the surface may be pulled away

METHYLCELLULOSE
FILM METHYLCELLULOSE
_LSTRP_,
REVERSE
(] {2)
BON
VERETI ALRE'I’I P CARBON FILM
DISSOLVE
—> AND —
REVERSE
DEPOSITED
CHRonluuﬁmomuM SHADOWED
CARBON FILM
(5)
Figure . 1.  Methylcellulose-carbon

replica technique

during stripping of the replica or the
film surface may be distorted or softened.
Water-soluble plastics are a satisfac-
tory substitute to eliminate this condi-
tion. On the other hand, these plastics
cannot be used as final specimen sup-
ports because they rupture easily under
the electron beam, but they are satis-
factory as primary replicas for multiple
replicating systems. A number of mul-
tiple replicating systems using water-



soluble plastics have been employed.
Some of the more common ones include
poly(vinyl alcohol)-silica, methyleellu-
lose-Formvar, and methyleellulose-silica.
As the stability of the final replica in
the electronbeam is of major significance,
the development of the evaporated car-
bon film technique by Bradley (2) sug-
gests an ideal material for the final
replica when a water-soluble  plastic
i used as the primary replica.

1/8" DIA- CARBON RODS

A

SAMLPLE
==Y

'\(' SPRING

FILAMENT POSTS

LR

Figure 2. Carbon evaporation
apparatus

The use of cvaporated carbon has
advantages over silica or plastic as the
final replica in a two-step replica tech-
nique. Carbon evaporates with less
difficulty than silica and forms a chemi-
cally inert substrate which is more stable
than silica under the clectron beam.
[t is also more stable than a plastic film
of comparable thickness.  Furthermore,
carbon films are sturdy enough to per-
mit handling without the need of addi-
tional backing or special specimen sereen
supports.

METHYLCELLULOSE-CARBON REPLICA
TECHNIQUE

Preparation of Primary Replica.
A schematic representation of the steps
used in the preparation of the carbon
replica of a paint surface is given in
IPigure 1. True reproduction by the
two-step replica technique is depend-
ent on the characteristics of the
primary replicating medium; therefore,
careful control of the solution concen-
tration is essential.  Too low a concen-
tration results in stripping difficulties
which produce mechanical strains, while
too high a concentration results in ex-
cessive shrinkage of the film at the sur-
face of the sample, resulting in the de-
velopment of wrinkles.  Tor paint sur-
faces a 577, aqueous methyleellulose solu-
tion (Methocel, The Dow Chemical Co.)
is employed. The solution is applied
uniformly with the aid of a dropper
maintaining the paint surface at an
angle of approximately 20° to the hori-
zontal.  When dry, the film is stripped
from the test surface with a small piece

Figure 3.

Replicas of polished glass surface

Chromium shadowing, X 25,000

A. Nitrocellulose replica

B. Methylcellulose-carbon replica

Figure 4.

Replicas of same paint surface

Chromium shadowing, X 8000

A. Nitrocellulose replica

of Scotch tape. The stripped film is
then attached with Scotch tape to a
microscope slide and placed in the
racuum  evaporator for coating with
carbon.

Carbon Evaporation Procedure.
The method of carbon evaporation
consists of passing 60-cycle alternating
current of approximately 350 to 60
amperes through !/s-inch diameter
graphite rods (National Carbon, pure
spectrographic grade) in a vertical posi-
tion above the specimen with one rod
tapered to a fine point. The carbon
rods are held in close contact by a spring,
as shown in Figure 2, so that they do
not separate during the evaporation
process. Intense local heating ocecurs
at the regions of contact. In order to
ensure that the vacuum is maintained
at 0.1 micron of mercury or less, even
while the hot regions are degassing,
vacuum readings are checked closely,
and a preliminary warming of the car-
bon rods at a lower temperature than

B. Methylcellulose-carbon replica

that nceded for evaporation is per-
formed as an additional precaution.

A satisfactory carbon thickness is
maintained by visually observing the
color (light brown) of the condensed
carbon developed on a piece of white
porcelain through the window port of the
vacuum evaporator bell jar.  Nore
claborate methods of controlling the
carbon thickness have been deseribed (3).

When the evaporation is completed,
the carbon-plastic coated slide is re-
moved, cut into 0.3-cm. squares with a
sharp razor, and placed on the surface
of a Petri dish filled with distilled water
until the methyleellulose is completely
dissolved. Two to 3 hours is required
for complete dissolution of the methyl-
cellulose with frequent replacement of
the distilled water. Specimen screens
(200-mesh, woven stainless steel wire
disks, 1/s inch in diameter) are placed on
top of the floating carbon sections and
removed with forceps. When dry, the
carbon-coated screens again are placed
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in tas vacuum evaporator for shadow-
ing with chromium. ~

The selection of tke shadowing angle
for paint surfaces generally is not too
critical. However, in the case of ex-
ceedingly smooth surfaces, such as high
gloss paint films, an evaporation angle
of approximatzly 5° to 7° with tke hori-
zontal is required to show surface
irregularities of very small dimensions
normal to the surface. When the
shadowing process is completed, the
metal-coated specimen s ready for ex-
amination in the electron microscope.

Electron Microscope Technique.
An RCA-type EMU ewectron micro-
scope equipped with self-biased elec-
tron gun and binocular viewer was
employed. A platinum objective
aperture with an opening of 40
raicrons in diameter was used to in-
crease the contrast in the final image.
All precautions necessary for the main-
terance of a high resolution image were
exercised. Xodak Medium Plates were
used and developed in Kodak Versatol
Developer. All electron micrographs
of the paint surfaces were prozessed to
the negative print stage to make heights
and depressions more readily inter-
preted.

QUALITY OF REPRODUCTION

A comparison for quality of reproduc-
tion using the methyl-cellulose-carbon
technique with the regative nitrocel-
lulose teclhnique was made cmploying
a highly polished glass surface. The
initial negatives wers taken at an elec-
tronic magnification of X3500 and
cnlarged optically to X25000. The
electron rmicrographs (positive prints)
in Figure 3 illustrate approximately the
same areas of the glass plate obtained
by the two techniques. These elec-
tron micrographs shew that the repro-
duction chtained by the water-soluble
plastic as the primary replica in conjunc-
tion witk evaporatad carbon gives the
same degree of filro structure as is
obtained with nitrocellulose.

APPLICATIONS

Organic paint surfaces require a mul-
tiple replicating system as discussed
above. For most work the electroniz
magnification is maintained at X1400
and enlzrged optically to a final magni-
fication of X8000. An example to illus-
trate the unsatisfactory reproduction of
4 baked paint surface with a nitrocellu-
lose replica is shown in Figure 4,4.
The same paint suriace by the positive
methyleellulose-carbon  technique i3
shown in Figure 4,B. Figure 4,4,
shcws a  rcughened surface, while
Figure 4,B, shows = moderately smooth
surface.

In order to substantiate that the
roughened surface was the result of
attack by the replicating medium, a
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Figure 5. Methylcellulose-carbon replicas of paint surface

Chromium shadowing, X 8000

A. Original surface

B.

Surface after nitrocellulose replication

Figure 6.

Methylcellulose-carbon replicas of glossy and mat paint surfaces

Chromium shadowing, X 8000

A. Glossy finish

particularly smooth paint surface was
examined. The methylcellulose-carbon
replica technique was employed first;
the electron micrograph is shown in
Figure 5,4. The negative nitrocellu-
lose technique was then applied to the
same surface and the replica discarded.
The methyleellulose-carbon technique
was again applied to the same arca of
the paint surface exposed to the nitro-
cellulose replica; this electron micro-
graph is shown in Figure 5,B. A
comparison of the micrographs shows
that the nitrocellulose replicating me-
dium attacks the organic phase of the
paint surface.

Further examples of the versatility
of the positive carbon replica technique
are shown in Figure 6, where A repre-
sents a smooth surface commonly
ascribed as a “glossy” surface, while B

B. Mat finish

represents a rough surface commonly
ascribed as a “flat” or “mat” surface.

It is essential in this technique that
the replicating media do not interact
with the surface to be observed and
thereby introduce artifacts. A partic-
ular advantage of the technique is
that the replicated surface is left un-
damaged and can be used for additional
studies.
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Separation of Hydrogen, Oxygen, Nitrogen, Methane,
and Carbon Monoxide by Gas Adsorption

Chromatography

GEORGE KYRYACOS and C. E. BOORD

Department of Chemisiry, Ohio State University, Columbus 10, Ohio

P A molecular sieve column, Type 54,
for use in a gas chromatographic
apparatus was developed for the
separation of hydrogen, oxygen, nitro-
gen, methane, and carbon monoxide.
The column was used to determine
quantitatively the oxygen consumed in
the cool flame oxidation of hydro-
carbons. It wos also used to deter-
mine qualitatively and quantitatively
the production of hydrogen, methane,
and carbon monoxide in this type of
oxidation. The system is rapid and
has good reproducibility.

HE OXYGEN CONsSUMPTION and the

light gas production during the
oxidation of hydroecarbons in cool
flames have usually eluded analysis be-
cause of the dilution by air accompany-
ing these gases. Gas chromatography
incorporating a molecular sieve adsorp-
tion column has successfully resolved
this problem.

A stoichiometric mixture of hexane
and air, heated to a temperature of
270° C., produced a cool flame. It was
desired to ascertain the oxygen con-
sumption and to determine the amounts
of possible products of the oxidation,
including hydrogen, methane, and car-
bon monoxide.

Gsas chromatography has been sue-
cessfully used by the authors for the
qualitative and quantitative determina-
tion of these gases in the presence of a
great quantity of air. Other products

>
Surge  Drying Manometer
Chamber Column
tserum cap

Flowmeter

16-foot column

in electrically
heated jacket

Schematic diagram of ap-

Figure 1.
paratus

accompanying this type of oxidation
are excluded. The method has the
advantages of reliability, reproducibility,
and simplicity. Greene and coworkers
(1) have previously used gas chromatog-
raphy for these gases. However, the
separation of these gases by their pro-
cedure was not sufficient for the deter-
mination of cool flame products. This
work describes the separation for
hydrogen, nitrogen, .oxygen, methane,
and carbon monoxide by elution at
constant temperature from a column
packed with a molecular sieve. Hydro-
gen sensitivity i8 poor when using
helium as a carrier gas; however,
substitution of argon for helium would
give satisfactory results.

EXPERIMENTAL WORK

The apparatus (Figure 1), consisted
of 5 needle valve, surge chamber, drying
column, manometer, chromatographic
column in an electrically heated jacket,
and a detector (Gow-Mac thermal con-
ductivity cell) with a 0- to 25-mv. re-
cording potentiometer. The chromato-
graphic column consisted of four 4-foot
lengths of borosilicate glass tubing,
5 mm. in inside diameter, joined to-
gether with capillary tubes. The tubes
were packed according to the method of
James and Martin (2) with molecular
sieve, Type 5A (Linde, Tonawanda,
N. Y.), ground to 30 to 60 mesh and re-

Nitrogen

Response (mv.)

Methane
Corbon monoxide

Recorder

Hydrogen

activated at 350° C. under vacuum.
The column was placed in an electrically
heated jacket at 100° C. The samples
were introduced by a hypodermic needle
through a serum cap. Helium carrier
gas flow rate was 25 ml. per minute.

The results shown in Figure 2 were
obtained using a 1-ml. sample containing
20% each of hydrogen, carbon mon-
oxide, and methane and 409, of air by
volume, The results shown in Figure
3 were obtained using a 5-ml. sample of
the cool flame exhaust gas from the
hexane and air mixture. The separa-

Oxygen

Recorder Response (mv)

[e]
Time (min.)

Figure 2. Separation of gas mixture '

on 16-foot molecular sieve, Type 5A,
column

Carbon monoxide
N
S

(o] [F3 R
Time (min)

Figure 3. Separation of 5 ml. of cool
flame gas mixture on 16-foot molec-
vlar sieve, Type 5A, column
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tions and reproducibility of duplicate
samples were excellent.
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Quantitative Aspects of Microchromatography

SISTER HELENE VEN HORST, VERONICA JURKOVICH, and YOLANDA CARSTENS

Department of Chemistry, Marycrest College, Davenport, lowa

P Chromatography as a quantitative
method requires a consideration of
some aspects which influence its reli-
ability. These include stability of
chromatograms under varying condi-
tions of ‘light, heat, and humidity, and
uniformity of filter paper blank, be-
cause cerfain grades of paper may
vary as much as 32% from the total
transmittance of the blank paper.
Absorbance values are somewhat
erratic for chromatograms stored under
atmospheric conditions, while minimum
deviations resulted for those kept in a
dark desiccator, Heating the chro-
matograms for 5 minutes at 60° C.
caused a noticeable loss in amino
acids as judged from the intensity of
color produced by reaction with nin-
hydrin.

THE DEGREE of sensitivity attainable
in one-dimensional chromatography
makes this method desirable in quanti-
tative micromeasurements of amino
acids. If the problems ordinarily en-
countered could be minimized, this
method would probably be preferable
because of its simplicity and accuracy.
This paper presents the resultz of a
study carried on in two areas which
proved of sufficient significance to merit
special consideration—namely, limita-
tions in the use of the so-called “base
line” in the direct reading of absorb-
ance values, and the stability of chro-
matograms under varying conditions of
light, heat, and humidity.

A number of investigators have con-
sidered problems involved in the choice
of suitable filter paper for chromatog-
raphy (1-8, 6, 10). It is obvious that
the grade of filter paper used is depend-
ent on the method of analysis and the
expected accuracy of the results. If a
quantitative micromeasurement is based
on absorbance values of the chromato-
grams, then any variation in the zero
reading of the blank filter paper will se-
riously affect the accuracy of the resunlts.
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Redfield (8) states that the filter paper
blank can be well controlled, because the
shape of the base line can be taken into
account for each strip on the segments
where no amino acid is present as com-
pared to the adjacent areas occupied by
the amino acids. He found it suitable to
use a constant value of 10% transmit-
tance for this base line.

The problems cncountered in produc-
ing reproducible color intensities in
amino acid chromatograms (4, &, 9, 12)
have likewise been investigated. Be-
cause of the sensitivity expected in ab-
sorbance measurements, variables in
this ares, would probably be significant

factors in the reliability of quantitative’

measurements. Wellington (18) re-
ports that a variation in relative humid-
ity between 40 and 70%,, common in
laboratories not equipped with air con-
ditioning, is sufficient to explain the day-
to-day variability in the ninhydrin re-
action reported by earlier workers.
While the effect of heating the chroma-
tograms seems of less concern in quanti-
tative measurements, some studies have
been made in this regard (5, 12). The
effects of each of these factors on amino
acid chromatograms will he considered.

PROCEDURE

To determine the extent to which the
use of a constant value for the base line
could be relied upon, 15 sclected grades
of filter paper were used. In each case,
the extent to which the absorbance
varicd for the filter paper blank was
determined for both the crosswise and
length-wise cuts of the paper. Absorb-
ance measurements were made with a
Model 525 Photovolt densitometer
consisting of a transmittance unit in
sertes with a microammeter. A 570-
mgu filker was inserted in the transmit-
tanee unit, followed by three different
sizes of aperbures in succession—a 2-mm.
diameter circle, and two slits, one 6 X 1
mm. and one 25 X 1 mm. The ab-
sorbance values were read at l-mm.
intervals over a 100-mm. length of
filter paper. The lowest absorbance

observed over the 100-mm. length of
the paper was taken as the zero reading
for each particular strip. Deviations
from this zcro reading arc recorded in
Table I.

In the preparation of chromatograms
to be subjected to varying conditions of
light, heat, and humidity, the horizontal
method of chromatographic analysis
was used (7). The strips were What-
man No. 4, '/; inch wide and 23 inches
long. The irrigating solvent was 1-
butancl-glacial acetic acid-buffer (25
to 12 to 12); the buffer was potassium
chloride-hydrochloric acid (pH 3.8).
If the ninhydrin was applied as a
spray, a 0.3% solution in aqueous
butanol was satisfactory. If the nin-
hydrin was added to the irrigating
solvent, the proportions were 25 to 12
to 6 to 6 of l-butanol-glacial acetic
acid-buffer-2.59, aqueous solution of
ninhydrin.

In this part of the experiment three
different types of amino acids were
used—namely, histidine, serine, and
ornithine. Kach filter paper strip was
spotted with 1 gl. of an 8mM solution of
one of these amino acids. After the
irrigating solvent had traveled the
length of the strip, which required
approximately 14 hours, the strips
were dried at room temperature in a
forced air hood. As the ninhydrin had
been added to the irrigating solvent,
the spots were revealed either by heating
the strips for 5 minutes at 60° C. or
maintaining them for 3 hours at 25° C.
Strips containing spots revealed by both
these treatments were mounted side by
side on a frame and compared in their
reactions to four additional treatments.

One set of chromatograms was kept
in the dark under atmospheric condi-
tions; another set was kept continuously
in artificial light of about 70 cp. and
40° C. A third set was exposed to day-
light in a room free of fumes but under
atmospheric conditions. In this latter
case the illuminance reached a maxi-
mum -of about 300 c¢p. and, of coursc,
was reduced to zero during the night.
The humidity of the room in which
these chromatograms were stored ranged
from 48 to 71%. Another set of chro-
matograms was placed in a desiccator



and kept in the dark. The absorbance
values of the chromatograms were read
with the densitometer, using the 570-
my filter and the 6 X l-mm. aperture.
By marking the strips it was possible to
read the absorbance of each spot in the
identical position from day to day. This

method eliminated any error which
might result from a variation in density
of the filter paper. Kxcept for the time
required to make the readings, which
was about 5 minutes, the chromato-
grams were kept constantly under the
conditions described above.

. v serine (257
3 -~ ® u (6C7)
\ x histidine (25)
\ . . (Gg)
4.0F o ornithine {25)
\ ° " 160
3.8t
Lt
Q s
=z
=X
[}
[
@36l
a
=
3.4t
3.2+
o
2 ) 10 t 8 22 26
TIME IN DAYS .
Figure 1. Effect of daylight on amino acid chromatograms produced by heating

for 5 minutes at 60° C. or for 3 hours at 25° C.

RESULTS AND DISCUSSION

Uniformity of Filter Paper Blank.
Table I indicates the extent to which
the filter paper blank varied in absorb-
ance from the zero point. It also
gives a measure of the thickness of
the paper. The more transparent
grades permitted the use of the range
of 2.00 to 3.00 units; those of greater
density necessitated the use of a
range of 3.00 units and above, The vari-
ous grades of filter paper are listed in the
order of increasing deviation with the
use of the 2-mm. aperture. There is
some variation in the zero readings of
the lengthwise and crosswise cuts of the
paper. Eight grades of lengthwise cuts
have lower deviations from the zero
reading while five grades of crosswise cuts
were lower. Two grades do not vary
for either the lengthwise or crosswise
cuts. Obviously, the 256 X I-mm. slit
gives the lowest blank readings, but this
aperture is too large for microdeter-
minations. In general, the “fast flow
rate’”’ papers vary most significantly.
For example, if Whatman No. 4 is used
with the 2-mm. round aperture, the ab-
sorbance variation is 0.17 unit for the
crosswise eut. This is equivalent to a
689, transmittance or a variation of as
much as 329, in the blank reading. Al-
though previous investigators (Z, 3, 6)
have preferred either Whatman No. 1
(medium) or No. 4 (fast) as giving the
best results so far as resolving capacity
and other factors are concerned, it would

Table 1.

Whatman Paper
Grade Cute

aroraarorfraooararrtoaran Qe

Variation in Zero Reading of Filter Paper Blank

2-Mm.

Flow Rate Aperture
Medium 3.00-3.05
Medium 3.00-3.05
Medium slow 3.00-3.05
Fast 3.00-3.05
Medium slow 3.00-3.05

ow 3.00-3.05
Slow 3.00-3.06
Slow 3.00-3.06
Medium 3.00-3.06
Slow 3.00-3.06
Slow 3.00-3.06
Medium slow 3.00-3.06
Medium 3.00-3.06
Fast 3.00-3.07
Medium 3.00-3.07
Slow 3.00-3.08
Medium slow 3.00-3.08
Medium 3.00-3.08
Medium slow 3.00-3.08
Slow 3.00-3 .08
Medium 3.00-3.09
Medium 3.00-3.09
Medium slow 3.00-3.09
Slow 3.00-3.09
Fast 3.00-3.10
Fast 3.00-3.10
Fast 3.00-3.10
Fast 3.00-3.12
Fast 3.00-3.13
Fast 3.00-3.17

@ L designates lengthwise cut; C, crosswise cut.

6-Mm. 25-Mm.
Aperture Aperture
2.00-2.04 2.00-2.03
2.00-2.04 2.00-2 .03
2.00-2.04 2.00-2.03
3.00-3.04 2.00-2.03
2.00-2.05 2.00-2.03
2.00-2.05 2.00-2.03
2.00-2.04 2.00-2.03
2.00-2.04 2.00-2.03
2.00-2.06 2.00-2.02
3.00-3 .06 2.00-2.03
3.00-3.06 2.00-2.03
2.00-2.07 2.00-2.03
2.00-2.07 2.00-2 .03
3.00-3.06 2.00-2.03
3.00-3.06 2.00-2.04
2.00-2.04 2.00-2.03
2.00-2.04 2.00-2.03
2.00-2.05 2.00-2.03
2.00-2.05 2.00-2.03
2.00-2.05 2.00-2.03
3.00-3.05 2.00-2.04
2.00-2.05 2.00-2.05
2.00-2.06 2.00-2.03
3.00-3.06 2.00-2.05
2.00-2.07 2.00-2.05
2.00-2.08 2.00-2.05
2.00-2.11 2.00-2.07
2.00-2.07 2.00-2.05
2.00-2.10 2.00-2.05
2.00-2.10 2.00-2.09
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Table Il.  Effect of Humidity on Absorbance Values of Amino Acid Chromatograms
Pro- Dark Initial Av. Range of Magnitude
Amino duced Storage Absorb- Absorbance, Absorbance, of Absorb-
Acid at, °C. in ance 28 Days® 28 Days® ance Range
Histidine 25 Desic. 3.45 3.67 =0.013 3.65t03.70 0.05
60 Desic. 3.63 3.63 =0.015 3.49t0 3.5¢ 0.05
25 Atm. 3.53 3.85 &= 0.030 3.81t03.92 .11
60 Atm. 3.60 . 3.62 £0.042 3.52t03.74 0.22
Serine 25 Desic. 3.34 3.55 £ 0.009 3.52t03.57 0.05
60 Desie. 3.62 3.50 == 0.013 3.57 t0 3.62 0.05
25 Atm. 3.38 3.88 £ 0.048 3.81t03.98 0.17
60 Atm. 3.756 3.90 =0.035 3.83t03.98 0.15
Ornithine 25 Desic. 3.54 3.62 +=0.012 3.59t0 3.64 0.05
60 Desic. 3.74 3.72 £0.016 3.68t03.77 0.09
25 Atm. 3.62 4.01 = 0.031 3.94t04.08 0.14
60 Atm, 3.66 3.67 £ 0.039 3.59t03.75 0.16
@ Values taken from 4th day on.
earlicr. Variations in initial absorbance
may be accounted for by the variation
aob TN e 1 in time interval in reading each of the
A X N P chromatograms immediately after re-
F Tt T dark im) 1 moving them from the oven. It is evi-
N e R dent that atmospheric conditions affect
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Figure 2. Replicate chromatograms of serine heated for 5 minutes at 60° C. and
kept under four different storage conditions

seem that either of these grades would
not be entirely suitable for use in quan-
titative measurements based on absorb-
ance values,

Washing the filter paper in acid did
not seem to lower the blank reading to
any significant extent.

Application of Chromogenic Rea-
gent. The method of combining the
ninbydrin directly with the irrigating
solvent, as proposed by Nichalson (7);
gave results more readily reproducible
than the wusual spraying technique.
When the ninhydrin added to the irri-
gating solvent produced a solution of the
same concentration as that applied by
spraying (in this case, a 0.3% solution),
the resulting colors and R, values were
identical with those obtained by spray-
ing the chromatograms. The areas of
color were distinct and well defined.

Effects of Light, Heat, and Humid-
ity. Figure 1 gives the results of the
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chromatograms exposed to daylight.
The increased absorbance during the
first two days indicates that the
chromatograms were not fully re-
vealed until that time. Dent (4) has
shown that full color production takes
place if the sprayed papers are dried
for 24 hours at room temperature. For
serine and histidine the absorbance is
somewhat greater for those chromato-
grams kept at room temperature than
for those heated at 60° C. This dif-
ference is probably due to a loss as a re-
sult of heating, and is in agreement with
the work of Fowden and Penny (5). The
unevenness in fading is partly ac-
counted for by the change in intensity of
the sunlight from day to day as well as
by the variation in humidity.

Figure 2 is the comparison of repli-
cate chromatograms of serine produced at
60° C. for 5 minutes and subjected to
each of the four conditions described

the intensity of the chromatograms.
The curve for the chromatograms sub-
jected to artificial light is less erratic
than the curve for those stored under
atmospheric conditions. This is prob-
ably due to the higher temperature of
40° C. produced by the artificial light.
Table II is a comparison of the chro-
matograms stored in the dark under at-
mospheric conditions and those kept
in the dark in a desiccator. The initial
absorbance reading is given in column
4; however, in computing the average
for the 28-day period, the readings were

“taken after the fourth day when maxi-

mum production had been reached.

All chromatograms produced at 25°
C. show an increase in absorbance.
Those produced at 60° C. and stored in.
the desiccator show a decrease in ab~
sorbance. Furthermore, the deviation
and range of those chromatograms
stored in the desiceator are considerably
less than for those stored in the dark
under atmospheric conditions. The
desiccant inhibits the production of the
color of the spot, although it also sta--
bilizes the intensity of the fully revealed
chromatogram.

LITERATURE CITED

(1) Akerfeldt, S., Acta Chem. Scand. 8,.
521 (1954).

(2) Block, R. J.,, Durrum, E, L., Zweig,
G., “Manual of Filter Paper
Chromatography,”” p. 387, Aca-
demic Press, New York, 1955.

(3) Burma, D. P., J. Indian Chem. Soc.
29, 567 (1952).

(4) Dent, C. E., Biochem. J. 43, 163

(1948).
(5) Fowden, L., Penny, J. R., Nature-
165, 846 (1950).

(6) Kowkabany, G. N., Cassidy, H. G.,
Anarn. Cuem. 22, 817 (1950).

(7) Nicholson, D. E., Nature 163, 954
(1949),



(8) Redtfield, R. R., Barron, E. S., Arch.
Biochem. & Biophys. 35, 443
(1952).

(9) Thompson, J. F., Zacharius, R. M.,
Steward, I'. C., Plant Physiol. 26,
375 (1951).

(10) Underwood, J. C., Rockland, L. B.,
Axar. CueM. 26, 1553 (1954).

(11) Ven Horst, Sr. H., Carstens, Y.,
J. Chem. Educ. 31, 576 (1954).

(12) Wellington, E. F., Can. J. Chem. 30,
581 (1952).

(13) Ibid., 31, 484 (1953).

1956.

Recerven for review May 16,

Accepted January 26, 1957. Supported
by Grant DRG-334 (T) from the Damon
Runyon Memorial Fund for Cancer Re-
search. Presented at the Section of
Inorganic and Physical Chemistry, Iowa
Academy of Science Meeting, Grinnell,
Towa, April 21, 1956.

Chromatography of Organic Acidic Compounds
on Multibuffered Paper

MORTON SCHMALL, E. G. WOLLISH, REMO COLARUSSO, C. W. KELLER, and E. G. E. SHAFER
Analytical Research Laboratory, Hoffmann-La Roche Inc., Nutley, N. J.

» Acidic organic compounds have
been separated by a paper chromato-
graphic technique similar to one applied
to organic bases. Many acidic com-
pounds form a salt at a particular pH
level with alkaline buffers, applied in
sequence of their ascending pH on a
filter paper strip in marked zones.
Upon equilibration, chloroform is used
as the single mobile phase for descend-
ing chromatography. As the stronger
acidic compounds are often immobil-
ized at lower pH levels than the more
weakly acidic ones, it was possible
to separate benzoic acid, several
barbiturates, and some phenolic com-
pounds from each other. These com-
pounds could be visualized on the
paper under short wave ultraviolet
light.

THE literature of paper chromatog-
raphy, including paper chromatog-
raphy of acidic compounds, has been
covered by Block, Durrum, and Zweig

(1), Lederer (4), Turba (10), and Hais
and Macek (3). The most recent
developments were reviewed by Strain
and Sato (9).

While filter papers completely impreg-
nated with buffers have been widely
used for the separation of compounds of
related structure, the technique of
multibuffered paper chromatography
has been developed for the separation
of organic basic compounds. The pro-
cedure, employed for the separation of
acidic compounds, was somewhat simi-
lar to the one described for organic
bases (7).

METHOD
Apparatus. Usual equipment for
descending paper chromatography.

Short-wave Mineralight (maximum
cmission at 2553 A.).

Reagents. Chloroform, reagent
grade. Clark and Lubs bufters,
double strength (2). DMacllvaine
buffers, double strength (5). Socren-

sen buffers, double strength (8).

PROCEDURE

The paper was prepared by applica-
tion of buffers at varied pH levels in
marked zones (7). For the separation
of acidic compounds, Clark and Lubs
buffers were applied at 0.2 pH intervals
for the pH range of 7.8 to 9.4, while
Soerensen buffers were used for the pH
range 9.8 to 12.6, spaced at 0.3 pH
intervals. A solution of the sample,
equivalent to about 15 v, was placed
at the starting line and the strip was
introduced into the chromatographic
chamber containing water at the bot-
tom and, in addition, an open beaker
with chloroform. To hasten saturation
with vapor, the chamber was partially
lined with filter paper which dipped into
the water. It was allowed to come to
cquilibrium overnight.

Chloroform, as the single mobile
phase, was then placed in the solvent
trough for descending chromatography.
‘When the solvent front had moved down
almost to the end of the paper, which
usually required about 3 hours, the
strip was removed and air-dried. It
was inspected under short wave ultra-

Compound

Barbituric acid
Isopropylbarbituric acid

Barbital
Phenobarbital
Allylbarbiturie acid
Diallylbarbiturie aeid
Probarbital
Aprobarbital
Butabarbital
Cyeclopal
sec-Bromallylbarbituric acid
Amobarbital
Pentobarbital
Secobarbital
Hexobarbital

Table I.

pH Range

pH of Immobilization of Barbiturates

of Buffered pH of

Paper Immobilization R;
8.3-12.6 8.3 0
Unbuffered .. 0
8.3-12.6 8.3 0
Unbuffered 7 0
7.8~ 9.t 9.2 0.7
7.8- 0.4 9.2 0.75
9.8-12.6 10.2 0.3
9.8-12.6 10.2 0.3
9.8-12.6 10.5 0.35
9.8-12.6 11.0 0.45
9.8-12.06 11.7 0.6
9.8-12.6 117 0.6
0.8-12.6 12.2 0.7
0.8-12.6 12.5 0.75
9.8-12.6 12.5 0.8
9.8-12.6 12.5 0.8
9.8-12.6 Past 12.6 0.95
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violet light, where compounds sucli ax
barbiturates, benzoic acid, or esters of
p-hydroxybenzoic acid appear as dark
spots on light background. The spots
were cireled with pencil, to mark them
for photographic reproduction. Hexyl-
resorcinol  was rendered visible by
spraying with amino reagent [100 mg.
of 4-methoxy-2-nitroaniline dissolved
in 25 ml. of glacial acetic acid and
diluted to 50 ml. with sulfuric acid,
109% w./v. A mixture of equal parts
of this reagent was sprayed with 0.29
aqueous sodium nitrite solution. This
was followed by a spray of 59 sodium
carbonate solution (6)].

EXPERIMENTAL

Barbiturates (as the free acids),
benzoic acic. and phenolic compounds
were cissclvaed in either chloroform or
ethyl alcchol and the equivalent of
about 15 y was chromatographed as
descrived. In Table 1 the pH values
are listed at which each one of the
barbiturates was immobilized. When
chloroform is usec as the mobhile phase,
barbituric acid and isopropylbarbituric
acid will not move on the paper. Some
of the harbiturates, such as barbital
and phencharbital, could not be sepa-
rated on multibuffered pape-, as they
move to the same pH.

In Table II, acidic compcunds such
as benzoic acid and several phenolic-
type coropounds and their R, values
are listed.

Macllvaine buffer, double strength,
was applied at pH 0.2 intervals for the
chromatography of benzoic acid, which
was immobilized at pH 6.3. As is
evident from Table II, ohenolic-type
compounds were not affected by the
buffers on the paper. For example,
methylparaben, when applizd to a paper,
buffered at 9.8 to 12.6, stopped at a pH
of 11.6 with an R, value of 0.7. When
chromatographed on ar. unbuffered
paper, it moved again to the same R;.
Propyvlparaben and hexylIresorcinol be-
haved in a similar mannsr. It appears,
therefore, that the movement of these
phenolic-type compounds is dependent
solely upon the solvent system.

Controlled Separation of Acidic-
Type Compounds. Attempts were
made to separate combinations of
known mixtures of some acidic com-
pourds from each other by buffering
a small area of the paper at a selected
pH value, so as to stop the movement
of one of the components, allowing
the other one to move down the strip.

In Figure 1, strip 1, such a controlled
separation between benzoic acid and
aprobarbital is showr. As benzoie acid
is immobilized at any pH above 6.3,
a g-cm. wide upper zone on the paper
was buffered at pH 9.8. As aprobar-
bital will stop at any pH above 10.2,
a center portion of the paper was
buffered at pH 12.5, to stop its move-
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Table Il

Benzoie acid
Methylparaben

Propylparaben

Hexylresorcinol

pH of Immobilization of Benzoic Acid and Phenolic Compounds
pH Range
of Buffered pH of
Compound Paper Immobilization R,
5.2-6.9 6.3 0.6
9.8-12.6 11.6 0.7
Unbuffered . 0.7
9.8-12.6 12.6 0.9
Unbuffered 2o 0.9
9.8-12.6 12.2 0.75
Unbuffered 0.75

Figure 1.
and phenols

Separation of benzoic acid, barbiturates,

Benzoic acid-aprobarbital

Benzoic acid-aprobarbital

Benzoic acid-phenobarbital-hexylresorcinol

Benzoic acid-barbital-methylparaben-propylparaben
Benzoie acid—diallylbarbituric acid-pentobarbital

oo

Figure 2. Separation of barbiturates from phenolic
compounds

6.
7
8.

Diallylbarbituric acid-methylparaben-propylparaben
Diallylbarbituric acid-hexylresorcinol
Aprobarbital-methylparaben-propylparaben

9. Aprobarbital-hexylresorcinol

10. Probarbital-methylparaben-propylparaben

11. Probarbital-hexylresorcinol



ment.  When a mixture of these com-
pounds wug placed on such a strip,
benzoic acid stopped at the pH 9.8 area,
with aprobarbital moving to the pH
12.5 zone.

An even wider separation of these
compounds could be effected by using
the same buffers as in strip 1, but
placing the pH 12.5 zone farther down
the paper (strip 2).

Phenobarbital, benzoic acid, and
hexylresorcinol were easily separated
by buffering an upper zoune at pH 6.9, a
central zone at pH 11.0, and leaving the
remainder of the paper unbuffered.

12
13

[§] i
14 |
15 || 0

l?'(D ()

Three bands were observed, with ben-
zoic acid at the first buffered zone,
phenobarbital at the second, and hexyl-
resorcinol moving down into the un-
buffered area.

Strip 4 was prepared in the same man-
ner as strip 3. Benzoic acid stopped
at the top, barbital moved to the pH
11.0 zone, and methylparaben (R,
0.7) and propylparaben (R, 0.9) moved
to the unbuffered portion of the paper.

In strip 5 an upper zone was buffered
at pH 9.8 and 2 central one at pH 11.7.
Benzoic acid moved to the first zone,
diallyvlbarbituric acid to the second, and

Controlled separation of barbiturates

secobarbital
iprobarbital

Allylbarbiturie acid—-butabarbital

Figure 3.
12, Phenobarbital-aprobarbital
13, Diallylbarbituric ac
14, Diallylbarbituric acic
15.
16.  Barbituric acid-barbital
L fr e

Barbituric acid-probarbital-cyclopal

Figure 4.

18. Probarbital-butabarbital
19.  Butabarbital-cyclopal
20. Isopropylbarbituric
cobarbital

Separation on completely buffered paper

id-allylbarbituric acid-aprobarbital-methyprylon

romallylbarbituric acid

23.  see-Bromallylbarbituric acid-hexobarbital

pentobarbital went down almost with
the solvent front (R, 0.9).

Because the movement of some of the
barbiturates is affected by buffers,
while the movement of phenolic com-
pounds is impeded, a controlled separa-
tion between both types could be
achieved.

All strips in Figure 2 were prepared
by buffering a small upper zone with =
pH 12.6 buffer, leaving the remainder
unbuffered. As can be seen from strips
6 to 11, all barbiturates were immobilized
at the buffered zone, with the phenolic
compounds moving to their respective
R, values, as shown in Table II.

As phenobarbital is stopped at pH
9.2 and aprobarbital is immobilized
at pH 10.2, a wide separation between
these compounds could be accomplished,
as shown in strip 12, Figure 3, which was
prepared by buffering an upper zone at
pH 10.0 to stop the phenobarbital and
a lower one at pH 11.7 to halt aprobar-
bital.

Strips 13 through 17 exemplify five
other examples of such controlled sepur-
ations. In strip 13 the upper zone wis
buffered at pH 11.7; the remainder was
unbuffered.

Strip 14 had an upper portion at pH
10.3 and a lower one at pH 12.6. In
strip 15 the upper zone was buffered
at pH 10.8 and the lower at pH 12.5.

Strip 16 had an upper portion at pH
8.3 and a middle portion at pH 10.0.

Strip 17 had a central zone at pll
10.8 and a lower one at pH 12.6.

As several of the barbiturates (Table
) could not be separated from each
other on multibuffered paper. it was
thought that buffering of the entire
paper at a pH slightly below that at
which these barbiturates are immobil-
ized, might allow separations.

In strip 18, Figure 4, the entire paper
was buffered at pH 10.8. The R, value
for probarbital was found to be 0.25,
while that for butabarbital was 0.5.

Strip 19 was buffered at a pH 11.7.
The R, value of butabarbital was 0.1.
and that of eyvelopal was 0.5.

In strip 20, buffered at pH 10.2.
the separation of three barbiturates
of related structure from each other, as
well as Noludar (Methyprylon, 33-
diethyl - 5 - methyl - 2.4 - piperidine-
dione)—a sedative of entirely different
configuration—can be seen. Isopro-
pvlbarbituric acid (R, 0), allylbarbituric
acid (R; 0.2), aprobarbital (allylisopro-
pyl barbituric aeid) (R; 0.45), and
Noludar (R, 0.9).

Strips 21, 22, and 23 were all buffered
at pH 12.2. Amobarbital had an R,
of 0.6 in all three strips, the secondary
bromallylbarbituric acid showed an
R; of 0.5, while the R, of hexobarbital
was 0.9.

The illustrations present examples
of the type of separations that can be
accomplished by the technique of multi-
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buffered papers. Many other con-
trolled separations can be carried out
(Tables I and II).
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The System Naphthalene-Thianaphthene

S. V. R. MASTRANGELO and R. W, DORNTE
Barrett Division, Allied Chemical & Cye Corp., Glenolden, Pa.

» A solid solutions treatment for
calorimetric melting point data was
verified for the system naphthalene-
thianaphthene. The solid soiutions
phase diagram, including liquidus and
solidus lines, was also determined.
Theoretical analysis permitted an ac-
curate prediction of the solid-liquid
equilibrium. The heat of fusion was
determined as a function of composi-
tion. The use of these data for the
evaluation of purity of naphthalene is
presented.

HE USE of freezing point as a speci-

fication for the evaluation of purity
depends upon knowledge of the char-
acter of the impurities present and their
behavior in solution with the major
component. The formation of solid solu-
tions is a serious deviation of a system
from the results predictable by the
ordinarv form of the melting point
equation:

AAt

= 200000 — 5os

Logi N, 1 + BAt%
(1)
where N, = mole per cent purity

At = {, — t; = freezing point depression,
o C.

AH,
== degrees 1

i — \AC;,),. -
T 2aH, ) degrees !

where AH, = heat of fusion of the
majm component, cal-
ories per mole
T, = freezing or melting point
of IOO 0 mole 9 major
component, ° K.
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= difference in molar heat
capacity between liquid
and solid at T,

(AC5).

The system naphthalene-thianaph-
thene was described in the liquidus
region (2), and the only reference to
solid solution formation (8) gave no
specific information in the solidus equi-
librium region. The present investiga-
tion used both the calorimetric (1) and
the freezing curve methods to determine
the equilibrium regions bounded by the
liquidus and solidus curves. Applica-
tion of the analytical treatment (6)
of calorimetric-melting point data for
a dilute impurity forming solid solu-
tions was verified for this system.

EXPERIMENTAL

Apparatus and Procedure. An adi-
abatic calorimeter was used (5). The
method of Aston, Cinnes, and Fink
(1) for plotting energy input wvs.
equilibrium melting temperatures was
used to determine the liquidus and
solidus temperature. Cooling curves
were plotted at two concentrations
so that the equilibrium points were
approached from both sides.

The cooling curve method employed
an air-jacketed test tube and stirrer,
and an NBS-calibrated, short-range
thermometer to define the liquidus line
over short composition intervals.

Materials. Refined, liquid naph-
thalene (Barrett Division, Allied
Chemical & Dye Corp.) was further
purified by slow freezing in an insu-
lated Dewar flask, discarding the
central core. This procedure was re-
peated four times in successively
smaller Dewar flasks.

The thianaphthene (Jefferson Chem-
ical Co., Inc.) was purified by frac-

tional distillation.
was 31.40° C.

Molecular Sieve, 4A powder (Linde
Air Products Co.) was used to dry
samples; 2 grams were required for
every 50 grams of sample.

Its freezing point

SOLID SOLUTIONS TREATMENT TO
NAPHTHALENE

A calorimetric purity determination
was carried out (5) on a 36-gram sample
of the purified naphthalene. Equi-
librium temperature was plotted against
the reciprocal fraction melted (Figure
1). The melting point obtained by
extrapolating the best straight line
through these points was 80.081° C.,
while the derived melting point of 100.00
mole % naphthalene was only 80.193°
C. Other reported naphthalene freez-
ing points are 80.290° C. (7) and 80.287°
C. (4.

Figure 1 indicates the presence of
solid solutions. The treatment of Mas-
trangelo and Dornte (6) was applied

F
2

<,

N

EQUILIBRIUM TEMPERATURE,T,,

Ny

£ 20 ©
RECIPROCAL FRACTION MELTED, 2

Figure 1. Equilibrium melting curve
for naphthalene sample



Table I. Solid Solutions Treatment for Dilute Impurity in Naphthalene
_ K _K_ o t, (Line)
y -ty (1—K+-") 4, °C. A rers
0.34206 0.556892 1.7893 79.8781 79.878
0.44860 0.66546 1.5027 79.9443 79.944
0.55510 0.77196 1.2954 79.9911 79.991
0.66410 0.88096 1.1351 80.0246 80.025
0.77241 0.98927 1.0108 80.0538 80.064
1.00000 1.21686 0.82179 80.008
80.287>
_ 1 (e — fow E _2 gh.m — foso _ l%
K= 2 ;lu-m — low Ie = 3 Mo — tozs 2
.00 80 106, fo.50 = 79.969, to.iz = 79.868 (Figure 1)
0.137
;0 101 1% = 0.17821
K
g = 021686

@ ExtraFolated from solid solutions plot.
& Caleu

ted by solid solutions treatment.

-1
¢ Read from sensitive plot of ¢, vs. (I—K + y).

Table ll. Calculations by Solid Solutions
Treatment of Naphthalene

(1) Calculation of ¢,.

te = tioo + (fr0 — lobo) (1 + ﬁ;
B 1.18421
f, = 80.098 + 0.130 (0 81579)
80.098 + 0.189,
t, = 80.287° C.

[therature values. Glasgow, Streiff,
and Rossini (3) = 80.290; Herrington,
Densham, and Malden (4) = 80.287 =+
0.002° C.J

(2) Caleulation of X3, total mole frac-
tion of 1mpur1t,y
» + K
X, = Iﬁ'—’ (f1-00 — fa-50) (1 A= &K¢

X7 = 0.0181 (0.130) éé—g‘;%

X, = 00042 mole fraction impurity
(couﬁrmed by infrared spectrometry)
Purity = 99.58 mole %.

¢ New values of ti. — .50 and K caleu-
lated from solid solutions plot.

Table . Liquidus Curve by Test Tube
Freezing Point Method
Freezing

Point, Naphthalene,
t °C. Mole %*
79.78 99.20
79.31 98.18
78.98 97.33
77.69 94.34
76.50 91.60
72.07 81.60
67.57 72.69
63.90 65.52
58.84 56.56
55.69 51.28
48.37 38.58
42.16 27.89
36.46 18.97
32.83 13.53
30.54 9.83
30.22 7.59
30.39 5.92
30.74 3.00

& By synthesis.

to these same data with the results
shown in Tables I and II. The ter-
minology used has been deseribed in
(6). Table I illustrates the calculation
of distribution constant K of the
impurity between the solid and liquid
phases from & .00, Z0.50, and £o.53, or from
t1.00, to-s0, and to.e5, Where ¢ and subscripts
refer to equilibrium temperatures at
various fractions melted. A plot of

equilibrium temperatures »s. the func-
=% f %z + y) ! gives g straighter
line, from which better values of
t1-00, to-50, 80 Loz can be obtained and
hence, a better value of K recalculated.

Table II illustrates the calculation
of 4, the melting point of 100 mole %,
naphthalene (nitrogen saturated, 1
atm.), and X", the total mole fraction of
impurity. By this method {, was
80.287° C.; this melting point is in
excellent agreement with the other
literature values. The total mole frac-
tion of impurity was 0.0042. The
impurity was identified as thianaph-
thene by mass spectrometry and its
concentration was 0.004 mole fraction
by infrared spectroscopy, confirming the
calorimetry result.

tion

PHASE DIAGRAM

To confirm the predictions of the solid
solutions treatment (6) and to evaluate
the freezing point as a measure of the
purity of naphthalene, the phase dia-
gram for the system naphthalene-
thianaphthene, on the naphthalene side,
was determined (Figure 2). The aver-
age deviation of experimental points
from the smooth curves was =0.5
mole 9. The smooth liquidus line
incorporates the data of Franck (2).

Jr

Liguo

]

o

TEMPERATURE, .

soLD ":YIV
50LIB_SoLyTion

1
. / \J

|

o 5z Sz

T3 B D

MOLE PRACTION MAPHTHALENS

Figure 2. Naphthalene-thianaphthene phase diogrom

Table IV. Solid-Liquid Phase Diagram

Composition, Liquidus
Mole %, Line,
Naphthalene °C.
100.00 80.287
99.58 80.098
94 .44 77.89
80.95 72.20
59.74 61.26
34.70 46.60
34.70 46.63
37.07 .
9.2 29.88
(eutectic)

Solidus
Line, ’

° Method
80.287 Calorimetric
79.27 Calorimetric
72.30 Calorimetric
58.00 Calorimetric
41.10 Freezing curve

. Calorimetric
. Freezing curve

29.88 Calorimetric
(29.88) Freezing curve
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Table V.

Temperature Dependence of Thianaphthene Equilibrium Distribution Constant

o Nls) 1 % 108 —Log K
4°C  Nflr  Nusl  Na(y  Nus¥ Nu) TP K -~Tog K (Caled.) % Dev.
75 0.878 0.962 0.122 0.038 0.3115 2.87226 0.50651 0.5065 0.00
70 0.770 0.923 0.230 0.077 0.3348 2.91409 0.47524 0.474 0.26
65 0.670 0.878 0.330 0.122 0.3697 2.95718 0.43217 0.437 1.10
60 0.57R 0.831 0.422 0.169 0.4005 3.00156 0.39742 0.402 1.14
55 0.488 0.782 0.512 0.218 0.4258 3.04729 0.37088 0.367 1.06
50 0.404 0.718 0.596 0.282 0.4732 3.09444 0.32490 0.327 0.64
43 0.324 0.651 0.676 0.349 0.5163 3.14307 0.28713 0.287 0.05
40 0.246 0.573 0.754 0.427 0.5663 3.19326 0.24699 0.247 0.0
35 0.169 0.481 0.831 0.519 0.6245 3.24506 0.20439 0.204 0.20
30 0.092 0.370 0.908 0.630 0.6938 3.29859 0.15866 0.159 0.21
* No(1) = mole fraction of naphthalene in liquid phase (liquidus line).
b Nn(s) = mole fraction of naphthalene in solid phase (solidus line)
¢ Ne(l) = mole fraction of thianaphthene in liquid phase.
4 Ni(s) = mole fraction of thianaphthene in solid phase.
= Values read off sensitive plot of log K 5. v
Table LIl lists the data obtained by the
freezing curve methed. The solutions Table VI. Calculated Phase Diagram
were saturated with nitrogen and the
time-temperature measurements were N.(s)
extrapolated to zero concentration of K2 TM Obsd., Caled., ___Caloulated  (Obsd. -
solid for the freezing point. Table IV C. Na) Nals) K K Nol) Nu(s)  Caled.), %
lists Athe data obtalped by the calori- 75 0.878 0.962 03115 0.3115 (0.878) 0.962 0
metric method (nitrogen saturated) 70 0.770 0.923 0.3348 0.3357 (0.770) 0.923 0
on various mixtures of naphthalene and gg gg;g 82’{7{51% 83832 838293 Egg;gg 8 g'gg 8 é
t}“‘?‘“agfl‘t.he’éel‘s The ; f.“‘:”";%l ‘3}“.“1’53 55 0488 0782 04258 0.4206  (0.488)  0.780 0.2
were obtaned by malntaining the stie'ds 50 0.404 0.718 0.4732  0.4710  (0.404) 0.719 —-0.1
at 10° C. below the temperature of the 45 0.324 0.651 0.5163 0.5162 (0.324) 0.651 0
calorimeter to provide a constant tem- gg 8%2 82;3 gggg’g‘ g gg(:;g ég%ggg 8 i;% 8 9
perature gradient between the calorim- P -481 : -0 - o0 :
eter and shield over the entire cooling 30 0.092 0.370 0.6038 0.6935 (0.0921) 0.370 0
range. . . Av. 0.08
To check the internal consistency of h
the phase diagram data, values of the Vo™
equilibrium distribution constant, K, N.(1) = mole fraction of naphthalene in liquid
(thianaphthene distributed between the N.(s) = mole fraction of naphthalene in solid
solid and liquid phases) were calculated . 1 — Na(s)
at 5-cegree intervals from the concen- K RO
trations read from a sensitive plot of N .
the liquidus and solidus lines. Nega- Nofs)(oaled.) = 1 — {1 — Nu(l)] obsd. X K (caled.)} )
tive 1(’€arlthm5 of these ‘K values were K (caled.) was obtained from sensitive plot of — log K (obsd.) vs. ;.
plotted against the reciprocal of the
absolute temperature. The slope of
Table VIl Heats of Fusion
Mole AH AH
Eraetion (Obsil.), (Caled)  AH (Obsd. — Caled) o0 AH (Obsd)  AH (Caled.)
Naphthalene Cal./Gram Cal./Gram AH (Caled.) 34.92 34.92 Method
1.0000 35.081 .. 1.0046 Extrapolation
0.9958 34.92 34.92 0.0 1.0000 1.0000 Integral
0.9444 33.02 33.06 0.12 0.9456 0.9466 Fractional
08095 28.70 0.8219 Fractional
0.8095 29 30 0.8391 Fractional
0.8095 (av.) 2900 29.05 0.17 0.8305 0.8318 Avera_,ge
0.5974 25.55 24.97 1.68 0.7316 0.7151 Freezing curve
0.3470 22.64 Fractional
0.3470 22.89 . Freezing curve
0.3470 (av.) 22.77 22.77 0.0 0.6520 0.6520 Average

+ AH (caled.) cal./gram = 22.231 + 12.850 N3, where N = mole fraction of naphthalene.

b aH (calod)
34.92

= 0.63663 — 0.36799 N°.
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this line multiplied by —2.3R gave the
heat of fusion of thianaphthene (3700
calories per mole), assuming an ideal
solution. A similar plot using the dis-
tribution constant for naphthalene
yielded a heat of fusion of 4500 cal. per
mole for naphthalene, compared with
4496 cal. per mole (5). Table V lists
these concentrations and the derived
K and —log K values. Table VI lists
the phase diagram data recalculated
from smoothed values of K and shows
that the original curves are in excellent
agreement with the. smoothed data
(20.08 mole %).

HEATS OF FUSION

The heats of fusion of various mixtures
of naphthalene and thianaphthene are
given in Table VII, and they are repre-
sented by:

AH calories per gram = 22.231 —
12.850 N3 (2)

where N is the mole fraction of naph-
thalene in the total mixture. . The heat
of fusion of pure naphthalene calculated
by extrapolating this equation to N =
1 was 35.08 cal. per gram or 4496 cal.
per mole.

APPLICATION OF RESULTS

A naphthalene sample was investi-
gated with a Beckman IR-3 spectro-

photometer, which identified the impur-
ity as thianaphthene, at a concentra-
tion of 1.24 mole 9. The freezing
point of the sample (79.798° C.) was
determined by the Rossini method (8),
using 2 grams of Molecular Sieve per
50 grams of sample. The freezing point
depression was only 0.489° C.; hence,
the impurity concentration was 0.885
mole % using the standard eryoscopic
melting point equation (§). Because
thianaphthene forms solid solutions
with naphthalene, the following equa-
tion for solid solutions was used to
calculate the correct mole per cent of
impurity.

1811 (i = 1)

100 X7 = =5 s

(3)

where = 80.287° C., melting point of
pure naphthalene
ty= 79.798° C., melting point of
experimental sample
= 100 X cryoscopic constant
of naphthalene (6)

K =equilibrium distribution con-
stant of thianaphthene
between the solid and
liquid phases at 79.798° C.

1.811

The value of K at 79.798° C. obtained
from a sensitive plot, was 0.2896. Sub-
stituting this value for K into Equation
3, and assuming thianaphthene the
only impurity, the mole per cent of
thianaphthene was1.25. The thianaph-

thene concentration value of 1.24 mole
% was obtained by the infrared tech-
nique.
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Colorimetric Determination of Ethylene Oxide
by Conversion to Formaldehyde

FRANK E. CRITCHFIELD and JAMES B. JOHNSON

Development Department, Carbide and Carbon Chemicaols Co.,

Division of Union

Carbide and Carbon Corp., South Charleston, W. Ya.

P A sensitive colorimetric method for
ethylene oxide has been used for de-
termination of oxide residues in cer-
tain spices fumigated with this sub-
stance. Ethylene oxide is hydrolyzed
to ethylene glycol, then reacts with
sodium periodate to yield formalde-
hyde, which is determined colorimet-
rically with sodium chromotropate in
concentrated sulfuric acid. An evolu-
tion procedure removes ethylene oxide
from interfering substances that react
with periodate ion. Data are shown
for the determination of ethylene oxide
in nutmeg and paprika.

*method, free of interferences,

DUR]NG an investigation of residual
amounts of ethylene oxide in
fumigated foods, the need for a sensitive
arose.
The Lubatti method (4) is limited
because it is” a titrimetric procedure
and requires a very large sample for
determinations in the parts per million
range. Its limitations for the deter-
mination of low concéntrations of
ethylene oxide in air were recently
discussed by Hollingsworth and Waling
(3). Apparently the only colorimetric
method for epoxides that has been re-
ported in the literature is the lepidine
method of Gunther and coworkers
(2). This is sensitive but requires

stringent control of reaction conditions
for good reproducibility, and with
most substances the color reaction will
not occur unless ethylene oxide is
removed.

The method reported is based upon
the commonly knowr fact that ethjl-
ene oxide is hydrolyzed to ethylene
glycol in the presence of mineral acid
at elevated temperatures. Persinger
and Dunn (5) of this laboratory showed
that this reaction could be used for
determination of certain  epoxides.
Ethylene and propylene oxide were
hydrolyzed ‘at steam bath tempera-
ture with aqueous hydrochloric acid.
Although some chlorohydrin forma-
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tion may have occurred, subsequent
quantitative reaction of the products
with periodic acid was obtained. The
decrease in periodate ion, measured
spectrophotometrically, was shown to
be a measure of the epoxide originally
present. In the method reported here
ethylene oxide is hydrolyzed to ethyl-
ene glycol in the presence of a trace of
sulfuric acid, and the glycol is deter-
mined colorimetrically by & modifica-
tion of the method of Speck and Forist
(6). Ethylene glycol reacts with so-
dium periodate to form 2 moles of
formaldehyde. The excess periodate
is reduced by sodium sulfite and the
formaldehyde is determined colori-
metrically with sodium chromotropate
in concentrated sulfuric acid.

After this paper was prepared for
publication, a method was presented
by Brokke, Kiigemagi, and Terriere
(1) for the determination of Aramite
residuss, which determines ethylene
oxide colorimetrically. Ethylene oxide
is hydrolyzed to ethylene glycol, cleaved
to formaldehyde, and subsequently
deterrained colorimetrically by a phenyl-
hydrazine reaction.

DEVELOPMENT OF METHOD

The rate of hydrolysis of ethylene
oxide to ethylene glycol st 98° £ 2° C.
is shown graphically in Figure 1. For
this study the ethylene glycol formed
in the reaction was determined by a
modification of the method of Speck
and Forist (6) given in the procedure.
The absorbance is plotted as a function
of the hydrolysis time. The curve
reaches a maximum in approximately
40 minutes and indicates quantitative
reaction. To ensure reproducible re-
sults, hydrolysis conditions of 60
minutes at 98° =+ 2° C. have been
selected as optimum, A calibration
curve obtained for ethylene oxide at a-
wave length of 570 my, using these
hydrolysis conditions, showed that the
system follows Beer’s law. This direct
procedure for ethylene oxide can be
used in the absence of interfering sub-
stances. When interferences are pres-
ent, sthylene oxide must be physically
geparated from these substances before
reaction. Because of its volatility,
ethylene oxide can be readily separated
from most interfering substances by
evolution from boiling water (2).

Using the equipment shown in Figure
2, the efficiency of the evolution proc-
ess was investigated; the results are
shown in Figures 3 and 4. Figure 3
shows the effect of the rate of air flow
upon the recovery of ethylene oxide
from boiling water at a fixed evolution
time of 30 minutes. The maximum
recovery of 86% is obtained at 10 ml
per minute. Figure 4 shows the effect
of the time of evolution, from boiling
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Figure 1. Rate of hydrolysis of ethylene oxide

to ethylene glycol

0.351 mg. of ethylenc oxide in presence of 1.0 ml.

of 0.5N sulfuric acid

water, upon the efficiency of the re-
covery process at a fixed flow rate of
10 ml. per minute. In this case the
maximum recovery is also 86% and
occurs in approximately 30 minutes
during the evolution. The procedure
given below is based upon the optimum
reaction conditions indicated by these
experiments.

APPARATUS AND REAGENTS

Beckman Model B spectrophotometer
with 1-cm. cells or similar equipment.

Evolution equipment shown in Fig-
ure 2.

Flowmeter capable of measuring 10
ml, of air flow per minute.

Sulfuric acid, 0.5N aqueous solution.

Sulfuric acid, concentrated (95%).

Sodium ‘hydroxide, 0.5N aqueous
solution.

Sodium chromotropate (sodium 1,8-
dihydroxynaphthalene - 3,6 - disulfo-
nate), practical grade, Eastman Organic
Chemicals,

Hydroxylamine hydrochloride, 0.5N
aqueous solution,

Triethanolamine, 0.5N agueous solu-
tion.

Sodium, sulfite, 5.5% solution, pre-
pared fresh each week from reagent
grade material.

Sodium periodate, 0.1 aqueous solu-

tion, prepared from reagent grade so--

dium metaperiodate.

CALIBRATION CURVE

Put approximately 50 ml. of distilled
water in a 100-ml. volumetric flask.
Tare the flask, introduce approximately
1.5 grams of ethylene oxide, and swirl
to mix the contents thoroughly. When
the ethylene oxide is dissolved record
the total weight of the flask and
contents, and ealculate the net weight
of the ethylene oxide. Dilute the con-

Figure 2. Apparatus for evolution of
ethylene oxide

. Serubber, 250 ml., containing hydroxyl-
amine hydrochloride and triethanol-

'S

amine
Ebullator with capillary tip
Distillation flask, 1 liter

Water condenser

. Scrubber, 50 ml., containing glass beads
with capillary tip ebullator

Dewar flask containing ice-water slurry
Glas-Col heating mantle

IS

tents of the flask fo the mark with
additional distilled water and mix
thoroughly. Transfer a 10-ml. aliquot
of this dilution to a 1000-ml. volumetric
flask containing approximately 200 ml.
of distilled water, dilute to the mark,
and mix. For the analysis of samples
by the evolution procedure given below,
transfer 1-, 3-, and 5-ml. aliquots of the
second dilution to the distillation flask.
For the analysis of samples using the
direct procedure, transfer the aliquots
directly to pressure hottles containing



20 ml. of distilled water. Measure the
absorbance of each standard following
the procedure described below.

PROCEDURE

Assemble the equipment as shown in
Figure 2, using silicone grease exclusively
for all joints in order to prevent pos-
sible reaction of ethylene oxide with the
lubricants. Place 25 ml. of 0.5N
hydroxylamine hydrochloride and 25
ml. of 0.5N triethanolamine in serubber
A and mix. Prepare this mixture fresh
at least weekly, This scrubber can be
cmitted if the laboratory air supply
does not contain interfering aldehydes.

By means of a graduated cylinder
transfer 200 m). of distilled water to the

1-liter distillation flask, C. For samples’

that foam considerably, use a larger
flask. Into the distillation flask intro-
duce an amount of sample that contains
no more than 0.7 mg. of ethylene oxide.
Stopper the flask and thoroughly mix
the contents. By means of a graduated
cylinder introduce 20 ml, of distilled
water, previously cooled to approxi-
mately 5° C., into scrubber E (Figure 2).
Connect the scrubber to the reflux con-
denser by means of the ball and socket
joint. Immerse the scrubber in the
Dewar flask, F, containing ice-water
slurry. Adjust the air flow to 10 ml.
per minute by means of a suitable flow-
meter. Connect scrubber A to the
ebullator, B, in the distillation flask by
rubber tubing. Make sure the system
is completely air-tight. Turn on the

90 .
T 80
-5
=
[
£
g Eeo _
]
2]
40
5 10 15
- Air flow rate, mi. per minute
Figure 3. Effect of air flow rate on

recovery of ethylene oxide from water

Evolution time, 30 minutes

‘condenser water.

‘sample bottle.

The temperature of
this water should be above 10°C. Com-
mence heating the distillation flask and
allow the contents o reflux for 30 min-
utes. Disconnect the heat source,
remove the Dewar flask, and rinse the
drain tube of the scrubber with dis-
tilled water. Drain the contents of the
scrubber into a heat-resistant pressure
bottle. Rinse the scrubber three times,
using a minimum amount of distilled
water. Drain after each rinse, collect-
ing the rinsings in the pressure bottle.
Prepare a blank by adding distilled
water to a second heat-resistant pressure
bottle, filling to the same level as the
For samples that do
not contain interfering substances, the
evolution procedure can be omitted and
the samples introduced directly into the
pressure bottles at this point.

By means of a suitable pipet transfer
1.0 ml. of 0.5N sulfuric acid to each
bottle. Stopper the pressure bottles,
protecting the rubber gaskets on the
stoppers by polyethylene film, Enclose
the bottles securely in fabric bags and
place as close together as possible in a
steam bath for 60 minutes at 98° == 2°C.
Remove the bottles from the bath and
allow to cool to room temperature.
When the bottles have cooled, loosen
the bags, uncap the bottles carefully to
release any pressure, and remove the
bags. Quantitatively transfer the con-
tents of each bottle to 2 100-ml, glass-
stoppered graduated cylinder. DPipet
1.0 ml. of 0.5N sodium hydroxide to
each gradiate, stopper, and mix. Pipet
2.0 ml. of 0.1N sodium periodate to each
graduate, stopper and mix, and allow to
react for 15 minutes a$ room tempera-
ture. Pipet 2.0 ml. of 5.5% sodium sul-
fite into each graduate, dilute to the
100-ml. mark with distilled water, stop-
per, and mix.

Transfer 10-ml. aliquots of each dilu-
tion to. 100-ml. glass-stoppered gradu-
ated cylinders. Add approximately
0.05 gram of sodium chromotropate to
each cylinder and shake to effect solu-
tion. The reagent does not have to be
weighed each time, but should be care-
fully estimated to ensure a sufficient
amount. Dilute the contents of each
cylinder to the 50-ml. mark with con-
centrated sulfuric acid and allow the
normal heat rise to occur. The sulfuric
acid is best dispensed from an acid

Ethylene oxide evolved
per. cent by wt.
]
o

AN
A
60 J; o]
) 20 40 60 80
Evdlution time  minutes
Figure 4. Effect of evolution time on recovery

of ethylene oxide from water

Air flow rate, 10 ml. per minute

. 48 hours (8).

buret. By means of a 20-ml. pipet or
capillary glass tubing connected to a

- nitrogen source and immersed in the

acid solution, ebullate vigorously with
nitrogen for approximately 10 minutes.
Allow the contents of each cylinder to
eool to room temperature. Measure the
absorbance of the sample against the
blank at 570 my, using 1-cm. cells. The
colors developed are stable for at least
Read the concentration
of ethylene oxide from the calibration
curve.

DISCUSSION' AND RESULTS

Direct hydrolysis of ethylene oxide
to ethylene glycol and subsequent
reaction with sodium periodate to
formaldehyde give the theoretical yield.
When ethylene oxide is evolved from
boiling water, only 86% of the oxide
is recovered. It was found, by analysis
of the water after evolution, that
approximately 14% of the ethylene
oxide originally present was hydrolyzed
during evolution to ethylene glycol.
Because of this factor a separate
calibration curve is required when the
evolution procedure is used. |

The method reported has been used
for the determination of ethylene oxide
residues in spices fumigated with this
material. The data shown in Table
I were obtained on samples of unfumi-
gated nutmeg, to which had been added

Table |. Determination of Known
Concentrations of Ethylene Oxide in
Nutmeg

Sample  Bthylene Oxide,

Size, P.P.M. Recovery,
G. Added  Found A
5.0 136.0 136.5 100.2
5.0 81.6 82.4 100.9

10.0 68.6 69.3 102.0

10.0 40.8 42.3 103.5

20.0 33.0 32.2 97.6

20.0 19.8 19.2 97.2

20.0 13.2 13.6 103.0

20.0 6.6 7.6 116.0

20.0 2.5 1.8 72.0

20.0 1.2 0.8 67.0

Table ll. Determination of Ethylene

Oxide in Nutmeg
Absorb- Ethylene Oxide,
Sample® ance P .

Untreated

Av.

0.043
0.048
0.052
0.056

Fum},gated

SRPR= 0000000 iy
DORO~I~T U I N = O E
H_
<
o

¢ 20-gram samples.
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Table il

Determination of Ethylene Oxide in Paprika

Ethylene Oxide, P.P.M.

Samples Av. Absorbance

Untreated

(=}
[=1
>
=4
[

Fumigated

¢ 20-gram satnples.

Added

13
.6

Found? Recovery, %
0.12:£0.1(2)
0.7(1 54.0
2.2(1) 85.0
8.3+1.1(4)
4.1=0.0(2)
8.3x0.4(2)
5.6+0.6(2)

b Figures in parenthe51s represent number of determinations.

known amounts of ethylene oxide as an
aqueous dilution. These data were
obtained by the evolution procedure,
and therefore a calibration curve based
on this procedura was used.

Essentially complete recovery iz ob-
tained for concentrations of ethylene
oxide over the range of 6 to 136 p.p.m.
The results are independent of sample
size, indicating no interferences from
materials present in the nutmeg. When
a 20-gram sample is used, the lower
limit of detection by the method is
approximately 1.0 p.p.m. This lbmit
can be extended by using larger sarple
stzes.

Table IT shows the analysis of treated
and untreated nutmeg. For the un-
treated nutmeg the apparent ethylene
oxide content is 0.12 £ 04 p.p.m.
This is below the lower limit of detec-
tion by this method and is not signifi-
cant. For the sample fumigated with
ethylene oxide the residual oxide was
1.9 = 0.2 pp.m.

Table IIT shows the analysis of
samples of fumigated and untreated
paprika. In this case the interference

obtained is also below the lower limit
of detection by the method. The
ethylene oxide found in these spices
represents only the free ethylene oxide.
Any combined ethylene oxide formed
by reaction in the fumigation process
is not determined. With all the spices
investigated, no appreciable inter-
ference was obtained when the evolution
procedure was used.

SCOPE

The lepidinc method of Gunther and
coworkers (2) cannot be used for the
determination of ethylene oxide in
admixture with most substances with-
out prior separation. The method
presented here can be used directly,
if materials that react with periodate
to form formaldehyde are ahsent. The
direct method should be generally
applicablec to the determination of
most 1,2-epoxides. Substances that
react with periodate ion and other
interferences were discussed by Speck
and Forist (6). In general, these

Thermolysis of Thorium Precipitates

Salts of Crganic Acids

WESLEY W. WENDLANDT

substances interfere in the determina-
tion of 1,2-epoxides by the direct
method presented here.

The only compounds that interfere
in the evolution procedure are other
volatile epoxides such as propylene
oxide. The evolution procedure should
be directly applicable to the determina-
tion of this compound in the presence
of interfering substances. If the scrub-
bing technique given in the procedure
is used, the method should be directly
applicable to the determination of
low concentrations of 1,2-epoxides in
air.
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» The thermal decomposition of the
tharium precipitates with stearic, pyro-
gallic, m-hydroxybenzoic, m-cresoxy-
acetic, benzoic, 2,4-dichlorophenoxy-
acetic, phenylacetic, cinnamic, and o-
amincbenzoic acids, and mercapto-
thiozole were studied on the thermo-
balance. In general, the precipitates
decomposed at fairly low tempera-
tures. The leost stable began to lose
weight at 35° C., while the most stable
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exhibited no weight loss below 285°
C. The oxide levels were obtained in
the temperature range from 450° to
675° C.

N AN ATTEMPT to separate thorium
from uranium and the rare earth ele-
ments, a large number of organic acids
have been proposed as the precipitating
agents. These organic acids form in-

soluble salts with thorium but not with
the other elements, which allows a sepa-
ration to be made. Many of these salts
are sufficiently insoluble to be proposed
for the gravimetric determination of
thorium. Generally, however, the pre-
cipitated compounds are basic salts of
variable composition and are ignited and
weighed as thorium oxide. The tem-
perature limits for the ignition to tho-
rium oxide are in most cases unknown.



The thermal decomposition of the pre-
cipitated compounds is being studied
on the thermobalance, to determine the
exact temperature limits of the thorium
salt, intermediate compounds (if any),
and minimum oxide temperatures.

The precipitates examined have all
been prepared previously: the thorium
salts of stearic, pyrogallic, m-hydroxy-
benzoic (3), m-cresoxyacetic (8), benzoic
(9, 12), 2,4-dichlorophenoxyacetic (2),
phenylacetic (7, 6), cinnamic (4, 10,
11), and o-aminobenzoic (anthranilic
acid) (§) acids, and mercaptobenzothi-
azole (7).

EXPERIMENTAL

Reagents. Thorium nitrate tetra-
hydrate was obtained from the Lind-
say Chemical Co., West Chicago, Ill.
m-Cresoxyacetic acid was obtained
from Purkis, Williams, Ltd., London,
FEngland. The other organic acids were
obtained from Eastman Organic Chem-
icals, Rochester 3, N. Y.

All other reagents were of ¢.P. qual-
ity.

Thermobalance. The thermobal-
ance used has bcen described (13).
The heating rates on all samples were
4.5° per minute, to 2 maximum temper-
ature limit of about 900° C. The weight

WEIGHT

]

TEMPERATURE. *C.

of the sample was recorded to 0.1 mg.,
and the temperature was recorded to
+1°C.

Preparation of Precipitates. The
thorium precipitates were prepared
according to procedurcs described (I-
712). In general, an aqueous solution of
the organic acid was added to a boiling
hot solution containing about 0.2 gram
of thorium nitrate in 150 ml. of water.
The final pH was adjusted by addition
of 2V ammonium hydroxide. In certain
cases, 1 to 5 grams of ammonium chlo-
ride or ammonium acetate was added to
aid in coagulation of the precipitates.
All the precipitates were formed in the
pH range of 3 to 5. After digestion,
they were filtered into sintered por-
celain crucibles, washed according to
directions in the literature, and dried
at room temperaturc for at least 24
hours before thermal decomposition on
the thermobalance. In many cases, the
precipitates were gelatinous and ex-
ceedingly difficult to filter and wash.

DISCUSSION

Thermal decomposition curves are
shown in Figures 1 and 2. In general,
the first weight loss occurred below 150°
C. After various stages of decomposi-
tion, the oxide levels of ThO, were ob-
tained in the 450° to 675° C. range.
The oxide level appeared above 675° C.
only in the case of the thorium mercap-
tobenzothiazole precipitate, where it was
not obtained even at 910° C., the upper
limit of the thermobalance. The
sample weights, oxide level weights,
and minimum oxide level temperatures
are given in Table 1.

Thorium Benzoate. This was the
most stable of all the thorium com-

Figure 1. Thermolysis of thorium precipitates pounds examined. The formula of
the precipitated compound. corre-

é- Eﬁﬂzof'ﬁet . sponded to that of the normal salt,

B enylacetate - i

C. Mercaptobenzothiazole Th(CeH;COz)s. The f‘f“ weight loss

D. Pyrogallate was observed at 285° C. Beyond

E. m-Hydroxybenzoate this, the compound decomposed

Table L Minimum Oxide Llevel Temperature Limits and Composition Data for Thorium Precipitates

Precipitate

. Thorium benzoate

. Thorium phenylacetate
Thorium mercaptobenzothiazole
. Thorium pyrogallate

. Thorium stearate

Thorium m-hydroxybenzoate
Thorium cinnamate

. Thorium m-cresoxyacetate

. Thorium o-aminobenzoate
. Thorium 2,4-dichlorophenoxyace-
tate

SE WNEEmBW—

—_

s Heating rate 4.5° per minute.

8 1
Temp., Weight, Oxide Weight, Mg.

°Cue Mg. Found Theor. Formula Found
310 93.8 34.9 34.6 Th(CH;CO2)s
500 99.3 33.3 33.9 Th{CHs;CH2CO2)s

>010 96.3 28.4 28.4 Th{CH.X8:)s
675 94.9 49.4 48.9 Th({OH )(CsH:03):
450 96.8 31.6 30.7 Th(OH):(HOC:H.CO:);
550 99.8 53.8 52.3 Th(OH },{HOCH.CO:).
490 88.7 32.6 33.9 Th(OH )(CeH;C:H:CO3)y
500 85.4 40.8 37.9 Th( 8H )( CH;CsHOCH,-

: .

450 93.1 52.9 58.6 Th(OH )y NEL,CeH,CO;)
475 88.9 27.9 25.8 Th{OH){CLC:H;0CH.-

2)3
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rapidly. A ‘sharp change of slope
was observed in the decomposition curve
at 435° C., but a constant weight level
did not appear. Instead, further de-
composition oceurred to give the oxide
level beginning at 510° C.

Thorium Phenylacetate. 'The pre-
cipitated compound, contrary to
Datta and Banerjee (2), corresponded to
the formula for the normal salt, Th-
(CsH:;CH,COz)s. Previous investigators
had assigned the formulas Th(OH)(Cs-
H;CH,CO»);.3H:0 (6) and Th(OH)(Ce-
H;CH.CO,); (I). Because of this vari-
able compaosition, the precipitates were
ignited and weighed as ThQ,.

.
l‘“'ﬁ
300
B pa
s 2o E
475
———r— :
180
1]
—— -
85 20 450
425
C
——
75 a0
500

325!
IZU MG.
451

Figure 2. Thermolysis of thorium
precipitates

WEIGHT

A

0

TEMPERATURE °*C.

A. op-Aminobenzoate

B. Cresoxyacetate

C. Cinnamate

D, Stearate

E. 24-Dichlorophenoxyacetate

The thermal decomposition curve
showed that the compound began to lose
weight a$ 100° C. The weight loss was
slow at first but became rapid beyond
275° C., giving a break in the curve at
355° C. Beyond this temperature, fur-
ther decomposition took place to give
the oxicle leve! beginning at 500° C.

Thorium  Mercaptobenzothiazole
Precipitate. The precipitated com-
pound corresponded to the formula
given by Spacu and Pirtea (7), Th-
(C:HNSo)s (calculated from the weight
of ThO; in the thermobalance pan at
910° C.). The precipitate began to lose
weight at 35° C,, slowly at first but
more rapidly beyond 180° C. Several
intermediate breaks were found in the
curve, one at 375° C. and another at
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675° C. It was thought that the oxide
level was reached at 675° C., but on fur-
ther heating additional weight was lost.
The curve was still descending at
910° C.

The original investigators recom-
mended drying the precipitate at 105°
to 110° C., but the thermolysis curve
indicates that a constant weight level
was not found in this temperature range.
However, the absence of a level may be
due to the more rapid heating rate dur-
ing this investigation.

Thorium Pyrogallate. The precip-
itated compound corresponded to the
formula for the basic salt, Th(OH):(Ce
H;0s).. The precipitate began to de-
compose slowly above 50° C. Beyond
150° C., the rate of decomposition in-
creased to give the oxide level beginning
at 675° C.

Thorivm m-Hydroxybenzoate. The
precipitated compound corresponded
closely to the formula for the basic
salt, Th(OH),(HOCsH,CO,):. The ther-
molysis curve showed that the first
weight loss occurred at 50° C. Weight
loss was slow at first but increased
rapidly above 350° C. to give the oxide
level beginning at 550° C. It has been
stated that m-hydroxybenzoic acid will
qualitatively separate thorium from ce-
rium(II1) (8).

Thorium o-Aminobenzoate (An-
thranilate). The precipitated com-
pound corresponded to some formula
intermediate  between Th(OH),(H.-
NCeH,COs): and Th(OH);(H,NCeH,-
CO,);. The latter formula is given in
Table I. Murthy and Raghava Rao (§)
assigned the formula, Th(OH),(H.NCe-
H,(CO,)s, to the precipitated compound.
The first weight loss occurred at 75° C.
Although the rate of weight loss was
slow at first, it increased rapidly beyond
325° C. to give the oxide level beginning
at 450° C.

Thorium m-~Cresoxyacetate. The
precipitated compound corresponded
approximately to the formula for the
basic salt, Th(OH)y(CH,C:H,OCH.C-
03)2. Previous workers (8) stated that the
precipitate was of a variable composition,
but mainly Th(OH)(CH,C:H,0CH.C-
03)s.83H,0.  After a slight weight loss
at 85° C., a constant weight level ap-
peared, which extended to about 210°
C. Beyond this temperature, the com-
pound decomposed rapidly to give the
oxide level beginning at 500° C.

Thorium Cinnamate. The pre-
cipitated compound corresponded
closely to the formula for the basic
salt, Th(OH)(CeHCoH,CQ;)s. The pre-
cipitate was stable up to 180° C., where
it began to decompose slowly. The rate
of decomposition increased rapidly be-
yond 300° C. to give the oxide level be-
ginning at 490° C. Previous investi-
gators (11) stated that the composition
of the precipitate was variable and thus
ignited it to the oxide at an unspeci-

fied temperature. This organic acid has
been successfully used for the separation
of thorium from the rare earths and
other metals in monazite sands.
Thorium Stearate. The precipi-
tated compound corresponded closely
to the formula for the basic salt, Th-
(OH)y(Cy7H3CO2);. It began to lose
weight beginning at 50° C. Beyond
205° C., the rate of decomposition in-
creased rapidly to give the oxide level

 beginning at 450° C. Determination of

thorium with this organic acid is said to
be more accurate than with m-nitro-
benzoic acid (3).

Thorium 2,4-Dichlorophenoxyace-
tate. The precipitated compound cor-
responded closely to the formula for
the basic salt, Th(OH)(CL.C{H;OCH,-
CQ0s)s. The thermolysis curve showed
that the precipitate began to lose weight
slowly beginning at 140° C. Beyond
300° C., the rate of decompesition in-
creased rapidly to give the oxide level
beginning at 475° C.. Previous inves-
tigators (2) found this reagent satisfac-
tory in separating thorium from a large
number of other metal ions.
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Absorptiometric Determination of Lead in Rubber

Products and Compounding Materials

K. E. KRESS

The Firestone Tire & Rubber Co., Akron, Ohio

A semimicro ultraviolet absorptio-
metric methed that is rapid and sensi-
tive has been developed for the quan-
fitative determination of lead in rub-
ber products and trace amounts of
lead in rubber-grade zinc oxide.
The ash of rubber products, or the in-
organic material as Is, is dissolved in
a minimum amount of concentrated
hydrochloric acid, then made up to
contain a 50% excess of the acid.
The absorbance is measured at 250,
270, and 289 my to calcvlate lead
content. The interference of iron and
most other cations is eliminated mathe-
matically as background absorbance.
Copper content must be less than about
one tenth of the lead present.

THE usE oF litharge (PbO) as an in-
organic accelerator of vulcanization
of rubber products is no longer as im-
portant as it was prior to the diseovery
of organic accelerators (8). However,
the use of lead in some form is still preva-
lent in a limited number of products
(2, 4). Table I illustrates applications
of inorganic and organic lead compounds
in rubber products. Lead compounds
are gtill used primarily to activate or ac-
celerate vulecanization, but metallic lead
has found application as s filler in
balance dough because of its great den-
sity.

An analysis for type of accelerator in
an unknown rubber product (6) would
not be complete in some cases without a
check for lead. The ASTM procedure
for the chemical analysis of rubber prod-
ucts includes a conventional macro
scale gravimetric method, where lead is
determined as lead sulfate (7).

A sensitive absorptiometrie procedure
has been developed for microdetermina-
tion of sulfur in rubber products as lead
sulfate (6). A similar technique is here
adapted to the rapid determination of
lead as a minor—e.g., 0.1 to 5% —com-
ponent in rubber products on a micro
scale. Lead may be determined in
rubber-grade lead compounds as a con-
trol test by the same micro method.

The basis of this test is the absorbance
of lead in 509 hydrochloric acid, in
which it has a sharp symmetrical maxi-
mum at 270 mu (Figure 1).

METHOD
Equipment. Beckman Model DU
spectrophotometer  with  1.00-cm.

quartz cells.

Borosilicate glass beakers, 5§ ml., for
dry ashing or test tubes, 16 X 100 mm.,
for wet ashing.

Glass-stoppered graduated cylinder,
10 ml

Reagents. Hydrochloric acid, 50%,
by volume. Make an exact 1 to 1
dilution of reagent grade concen-
trated hydrochloric acid (379%).

Instrument Calibration. Refer to
the calibration procedure outlined by
Kress (5).

Procedure. A Homogenize the sam-
ple in a rubber mill, then weight a 1-
to 10-mg. sample, or more if less than
1% lead is expected. Ash in a 5-ml.
beaker at 550° C. for about 10 minutes,
then in the front of a high-temperature
muffle (900° C.) for 1 or 2 minutes until
ashing is complete. [Alternately, wet
ash with 3 to 5 drops of perchloric acid
and about 1 ml. of concentrated nitric
acid in small test tubes (6} ).

Cool the beaker, then dissolve the
ash in about 2 ml. of 509, hydrochloric
acid, stirring with a glass rod if neces-
sary. Transfer to a 10-ml. glass-stop-
pered cylinder using 50% acid wash.
Dilute to volume with 509 acid and mix
well. If wet ashing is used, pipet 10
ml. of 50% acid into the test tube and
mix,

Measure the absorbance at 250, 270,
and 289 my, using a blank of 509
acid. If absorbance is above 1.8, dilute
with 509 acid as needed. Tnclude all
dilutions in calculating sample concen-
tration, ¢.

Substitute appropriate absorbance
values in the equation below to deter-
mine lead content of the sample.
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Figure 1. Interference of ferric iron in

50% hydrochloric acid

«- 500 mg. of zinc oxide with lead and iron
impurity
— 0.2 mg. of lead alone

Table .  Applications of Lead in Rubber Compounding
% Lead
% Lead Residue
Content X . Expected
Compounding Ingredient (Theory)  Typical Application in Ash
Inorganic
Litharge (PbO) 93 1 to 3% as activator for 1to3
carbamate accelerators
in natural rubber wire
insulation
Red lead (PbyOy) 91 3 to 5% as activator for 3to5
oxime saccelerators in
synthetic butyl tubes
Metallic lead 100 " Filler in tire balance 50
dough to add weight
Organic
Methyl ledate (lead dimethyl di- 46 0.2% to 0.6% as acceler- 0.1 to 0.3
thiocarbamate) ator for natural rubber
electrical wire insula~-
] tion
SPDX (lead phenyldimethyldi- 34 0.1 to 0.4% s nccelerator  0.03 to 0.15

thiocarbamate complex)

for natural and GR-S
synthetic rubber stocks
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Table Il

Product
Tire balance dough No. 1

Tire balance dough No. 2

Butylstock No. 1 (production)

Butyl stock No. 2 (three different pro-
duction samples, a, b, ¢)

Control stock No. 3

@ Reported as PbyO, corrected for rubber-grade pigment purity of 95% as Pb;0, by analysis.

Determination of Lead in Rubber Products
Methods of Analysis B
Theoretical Absorptiometric
Form and %, Lleetrolytic Gravimetric Wet ash Dry ash

47.9 47.3

Metallic lead, unknown 46.7

48.7

Av. 48.0+0.7
Metallic 47.1 52.9 50.6
Lead, unknown 50.8 52.8 50.1
Av.49.0+1.8 52.8+0.1 50.4 0.3

Pb,0,, 5. 10 5.28
5.42
Av. 5.35
Pb30,, 5.10 a 5.55 4.17
b 5.23 4.52
¢ 5.49 4.00
Pb;04, 5.10 5.11% 4.34

® Higher recovery by wet ashing makes this method preferred, but dry ashing is usually satisfactory if care is taken to dissolve all of

the ash residue.

AAf o= (de — Ass) ~
(Azao ; Aesn) 5

A A%, X 100 2
Aa%, X e(mg./ml.)

% lead =

The data of Table II illustrate the
precision of the absorptiometric deter-
mination of lead in rubber produects.
Agreement with both electrolytic and
gravimetric methods is good. With
the absorptiometric method, there is no
danger of loss through solubility of the
lead sulfate, as with the gravimetric
procedure.

RUBBER COMPOUNDING MATERIALS

In the manufacture of white rubber
produets, it is undesirable to have lead
compounds present, because they form
lead sulfide with sulfur added for vul-
canization and cause a brown discolora-
tion. Consequently, it is necessary to
control the lead content of zine oxide,
which is a common ingredient in tire
white sidewall stocks.

The lead content of rubber-grade zinc
oxide is usually below 0.29. The elec-
trolytic procedure used, which normally
requires a large sample—e.g., 20 grams—
is not believed to be accurate ah lead
concentrations below about 0.019.
There is some danger of occlusion of
zinc, and the weight of lead recovered is
often only 1 or 2 mg., which cannot be
weighed accurately enough with rormal
macro-sized electrodes when lead con-
tent is critical.

The absorptiometric method offers
an unusually rapid procedure which is of
acceptable accuracy for traces of lead
as low as 0.001%, in zine oxide.

Lead in Zinc Oxide. The sample
size of zine oxide is determined by the
normal lead content as follows:

804 o ANALYTICAL CHEMISTRY

Approx.
Normal Lead Sample” Weight,
Sulfate Con- Grams
tent, % (G. Zn0/10 ML)
Below 0.004 1to2
0.03 0.4
0.1 0.1
1 0.01

The weights given are close to the
maximum allowable in 10 ml. of 50%
acid without further dilution.

Weigh an appropriate amount of the
zine oxide and transfer to the 10-ml.
cylinder. Add just enough concen-
trated hydrochloric acid to dissolve the
sample with vigorous shaking. Add the
last of the acid drop by drop.

Dilute to 5.0 ml. with distilled water,
then to 10.0 ml. with concentrated
hydrochloric acid. Mix well and meas-
ure the absorbance at 250, 270, and
289 mg. Thereafter, follow the pro-
cedure for determination of lead in
rubber products. The results are usu-
ally multiplied by 1.46 to convert to
lead sulfate.

EXPERIMENTAL WORK

Acid Concentration. The wave
length and intensity of maximum ab-
sorbance of the lead chloride complex
depend on the acid concentration
(6,8). Where the lead content is about
19, or higher, as in the ash of rubber
products or the analysis of lead com-
pounds, the small amount of ash or the
micro-sized sample can often be most
conveniently dissolved directly in 50%
hydrochloric acid. However, for traces
of lead in zine oxide, the large amount
of sample to be dissolved greatly re-
duces the free or excess hydrochloric
acid concentration.

Lead sulfate determined in rubber-
grade zinc oxide by direct solution in
50% hydrochloric acid may run as low
as 709 of the true values, as deter-
mined with 509, free hydrochloric acid
solvent or by electrolysis (Table IIT).

The absorbance curves of Figure 2 show
why this is so. Apparently the zinc
chloride formed has no direct effect on
the lead absorbance, but it lowers the
total absorbance indirectly by reducing
the excess acid concentration. Conse-
quently, all samples for determination
of trace amounts of lead should first be
just dissolved in the minimum amount
of concentrated or 509, acid before
diluting to a 509, excess by volume.
Major Interferences. Absorbance
in hydrochloric acid is not specific
for lead. Other heavy metals, par-
ticularly mereury and bismuth, alsoab-
sorb selectively, but their absorbance

210 230 250 270 2% 30 330

WAVE LENGTH My

Figure 2. Effect of excess acid on
absorbance maximum

Zinc oxide solution containing 0.01% lead sul-
fate impurity

- In 50% acid, equivalent to 20% excess by
volume

— In 70% acid, equivalent to 50% excess by
velume

Zinc oxide solution containing no lead by elec-
trolysis

- .- In 50% acid



in the 250- to 280-mu region is low and
nonselective. As minor ¢components,
they would not cause any appreciable
interference that would not be cor-
rected for as background absorbance
by the calculation developed to elimi-
nate iron interference. This is also
true for the lighter elements: vanadium,
chromium, tin, and antimony, which
show interfering absorbance. OI these
six elements, only antimony (as the sul-
fide) and bismuth (as a carbamate ac-
celerator complex) have found any use
in rubber compounding.

The chlorides of calcium, magnesium,
aluminum, and zine, which are the most
common elements in the ash of rubber
products besides iron, have essentially
no absorbance in the ultraviolet above
230 my. Of trace elements that may
be present in rubber products, such as
copper, mangancse, cobalt, and nickel,
the chloride of copper is the only one
that absorbs appreciably above 240 mu
(Figures 3 and 4).

Iron, If iron interference is exces-
sive, a liquid-liquid extraction of the
50% hydrochloric acid solution with
ethyl ether removes the greater part of
the iron without extracting lead chloride.
Another chemical method for removing
iron interference, when present in con-
centrations comparable to the lead con-
tent, is use of titanous chloride to re-
duce the iron to the ferrous state (8).

Normally, the iron content should be
lower than lead for best results, but it
can be tolerated to the extent of about
twice the lead content, As ferric chlo-
ride has an intense yellow coloration in
hydrochloric acid, absence of more than
a light yellow coloration indicates that
iron interference is not excessive.

When inorganic lead compounds are
added to rubber products, the lead
content is usually so much greater than
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Figure 3. Negative background in-
terference in 50% hydrochloric acid

— 5.0 p.p.m. of ferric iron
+»1a 50.0 p.p.m. of manganese
«=== Antimony

the trace of iron present that absorb-
ance of iron is almost negligible. For
rubber-grade zinc oxides the iron content
is usually of the same order of, or less
than, the lead content. Therefore, in
rubber chemistry analyses where lead
is present, the absorbance curve in
50% hydrochlorie acid is usually one of
combined iron and lead absorbance, with
the lead maximum at 270 mg distinct
and usually dominant.

Figure 1 illustrates the combined ab-
sorbance of lead and iron in a rubber-
grade zinc oxide. Absorbance will be
similar for the ash of rubber products
whose iron content approaches that of
lead. Iron absorbance between 250 and
289 my is essentially linear with a small
negative curvature (Figure 3), and can

Table Il

Absorptiometric vs. Electrolytic Determination of Lead Sulfate in

Commercial Rubber-Grade Zinc Oxide

%%, Lead Sulfate by
Direct Soln. in

% Lead Sulfate
by Electrolysis
2.27
2.35
Av. 2.31

50% HCl

0.58

0.10
0.11
Av. 0.105
0.099

0.100
Av, 0.10

0.04 0.026

e 1.92
Zinc Oxide, c.p.
0.0002 to none
(Unreliable at this
concentration)

% Lead Sulfate Found by Adding
Excess of 509, HC! after Soln.

Found Av. Mean dev.
2.20

2.32 2.26 +0.06
2.22

2.32

0.56 0.56 +0.01
0.57

0.132 0.130 =+0.002
0.127

0.098 0.098

0.036 0.036 0.00
0.036

2.44

0.0004 0.0003 = '=0.0001
0.0002

s _4s
(Af;0 — ASes) — (M)

be eliminated mathematically by con-
sidering it to be a linear background ab-
sorbance. A suitable equation for elimi-
nation of iron absorbance was derived
as follows.

In Figure 1 the lead absorbance maxi-
mum is symmetrical. In the absence
of iron, absorbance at 289 my is essen-
tially identical to that at 250 mu. The
distances between these two wave
lengths of equal absorbance and the wave
length of the maximum (270 mgu) are
20 and 19 mu. To simplify the calcu-
lations of background absorbance, they
are cousidered equidistant (20 my) from
the wave length of the maximum, and
also of cqual absorbance.

Interference due to intensity of back-
ground absorbancc may be eliminated
by basing calculations on difference in
absorbance between 270 and 289 mu.
Interference due to increase in back-
ground absorbance between 289 mp
and 270 my may be eliminated by de-
termining the change in absorbance of
the background over this range.

In Figure 1, z, is assumed equal to
r3. Then, by similar triangles, inter-
ference duc to the increase of the back-
ground absorbance between 280 mpu
and 270 mu () is equal to 14 y, or
to 18(dsx0 — Aze). Combining these
terms, the corrected differential absorb-
ance at 270 mu due to lead in the sam-
ple, after both intensity and increase in
intensity of iron absorbance have been
subtracted mathematically, will be
given by the Equation 1. Per cent lead
in the sample may then be caleulated
from the ratio of the specific absorb-
ance difference for the sample to that
ob