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STUDY OF THE PERFORMANCES OF THIN-LAYER CHROMATOGRA-
PHY

VII. SPOT CAPACITY IN TWO-DIMENSIONAL THIN-LAYER CHROMA-
TOGRAPHY

G. GUIOCHON* and M. F. GONNORD

Laboratoire de Chimie Analytique Physique, Ecole Polytechnique, Route de Saclav, F-91128 Palaiseau
Cedex ( France)

A. SIOUFFI

Laboratoire de Chimie Appliqué, Université d' Aix Marseille 111, Rue Henri Poincaré, F-13397 Marseille
Cedex ( France)

and

M. ZAKARIA

Laboratoire de Chimie Analyvtique Physique, Ecole Polytechnique, Route de Saclav, F-91128 Palaiseau
Cedex ( France) '

(First received June 4th, 1982; revised manuscript received July 21st, 1982)

SUMMARY

In two-dimensional thin-layer chromatography the spot capacity is the number
of spots, resolved with a resolution unity, that can be placed on the plate between the
two solvent fronts and the parallels to these fronts through the center of the original
sample spot. This is difficult to calculate because the plate height in thin-layer chro-
matography (TLC) is a complex function of the characteristics of the solvents and the
plate, since during development in one direction the spots spread in both directions
and since calculation of the density of the most dense spot packing requires topolo-
gical information that is not available. Some simplifying assumptions are made and
an iteration method is used.

The results show that it is very easy to achieve a spot capacity between 100 and
250, but difficult to reach 400 and nearly impossible to exceed 500, except in very
favourable circumstances. As for one-dimensional TLC, the spot capacity in two-
dimensional TLC increases with decreasing diffusion coefficients and with increasing
plate quality (i.e., packing homogeneity) and kinetic coefficients of the solvents. For a
given solvent and development length there is an optimum particle size which pro-
vides the maximum spot capacity.

The development time for a capacity of 300 spots is around 30 min but it is very
difficult to obtain accurate quantitative results if the analysis is fast.

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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INTRODUCTION

Thin-layer chromatography (TLC) can easily be carried out in two dimensions,
successively. Only one sample spot is developed on a square (or rectangular) plate.
The sample is placed at a corner of the plate, and the two developments are carried
out successively, parallel to the two sides of the plate, using two different chromato-
graphic systems, for example two different solvents. It is more difficult to spread the
components of a mixture evenly over the entire plate than to spread them over the one
dimension of standard TLC or column liquid chromatography; this requires far more
ingenuity from thc analyst in combining the different retention mechanisms.

Two-dimensional TLC was first reported by Consden et al.'. They used a 45 x
55 cm paper sheet to separate proteinic amino acids. The first development using
collidine-water lasted 72 h. After drying, this was followed by a development using
phenol-water in an atmosphere containing a small amount of ammonia, that lasted
from 27 to 48 h. At least 15 of the 22 amino acids were separated®. Detection was
carried out using ninhydrin. The sensitivity was of the order of 1 ug allowing the
analysis of 200-ug samples of protein hydrolyzates.

Later this technique was used by Munier and co-workers? to separate a variety
of acids important in biochemistry (malonic, lactic, citric, malic, tartric, etc.) and by
Nordmann et al.* to separate 21 drganic acids in urine. The spots on the chromato-
gram published differ widely in size, reflecting not only variations from spot to spot in
both development directions, but also differences in concentration*-. It is well known
that spot shapes drawn after visual inspection have a size depending markedly on the
amount of the corresponding compound®. Nevertheless, taking the average surface
area of a spot on the chromatogram (8 x 10~3 R,?) we derive a spot capacity of 126
which is remarkably large in view of the crude technique used.

Two-dimensional TLC has been used for a large number of difficult separa-
tions”. For example, excellent separations of amino acids have been reported by Von
Arx and Neher® and very impressive separations of carbohydrates by Lato and co-
workers?™'!. This technique has had an important impact on the development of
several important fields of biochemistry, such as the elucidation of the reduction cycle
of carbon in photosynthesis and its connection to other metabolic pathways'%'3 and
the unravelling of other biochemical pathways!#.

This method is also related to other techniques used in biochemical analysis.
For example, the separation of oligonucleotides can be carried out by ionophoresis
on a two-dimensional system using cellulose acetate in one dimension and DEAE-
paper in the other!®, Similarly, large numbers of proteins are separated by two-
dimensional electrophoresis'®.

Two basic techniques have been used. In the first the same chromatographic
bed is developed successively with two different solvent mixtures along the two direc-
tions. In the second method a plate is coated with a strip of a sorbent along one edge
and a large layer of a second sorbent, and two successive developments are carried
out, with two different solvents. The preparation of such plates is difficult”!”.

The main advantage of the technique is its high resolution power, already
exemplified above, associated with the simplicity of TLC. The drawbacks are the
necessity of selecting two different retention mechanisms, the possible interference
between the solvent used for the first development and the second retention mecha-
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nism and particularly the detection of the separated compounds for quantitative
analysis.

Already TLC is plagued by the lack of a good measuring device. The human
eye is a wonderful instrument to detect a pattern of spots but is unable to perform any
quantitative measurement®'®. A scanning photometer, although not very practical
and rather slow'®, can be used to scan a one-dimensional TLC chromatogram. To
obtain quantitative results several minutes are required to scan a conventional TLC
plate. It would be almost impossible to scan a complete plate for a two-dimensional
chromatogram. This would require several hundred parallel scans and would take
many hours, since we know from column chromatography that at least ten data
points are required per standard deviation'?. For the same reason, although seem-
ingly attractive, the use of a Vidicon tube®® raises a difficult problem of optical
resolution. Equipment able to handle 10 x 10 cm plates with a spot capacity of 400
(spot diameter ca. 5 mm) should have a resolution of 0.13 mm, i.e., 800 points should
be distinguished along one side of the plate. This largely exceeds the specifications for
the screen of commercial TV sets or video display monitors (512 x 512 pixels).

Up to now the problem has been solved satisfactorily only for the analysis of
radioactive samples'®2!, using photographic techniques.and autoradiography.

The purpose of this work is to calculate the performance expected from two-
dimensional TLC and the range of spot capacity attainable in practice. The specifi-
cations for a detection system could then be derived.

THEORETICAL

The peak capacity in one-dimensional TLC can be calculated using an ap-
proach developed recently??. As both the spot diameter and the height equivalent to a
theoretical plate (HETP) corresponding to each spot vary along the distance on the
plate between the sample spot and the solvent front, an iteration method is used.

It is assumed that the distance between two successive spots which are sep-
arated with a resolution of unity is equal to the diameter of the first of these two spots.
The migration distance, z,. {, of the spot number p + 1 is thus related to the migra-
tion distance of spot p and the width of that spot by

Zpp1 = 2z, + 4op N

where g, is the standard deviation of the concentration distribution of spot p along
the development direction, assuming a Gaussian profile. The spot capacity, #, is such
that:

n n+1
2 4o, < L -z, < X 4o, 2)

p=0 p=0
where L is the migration distance of the solvent front and z, is the distance between

the solvent level in the tank and the original sample spot. The calculations are carried
out using a HP 67 calculator. The retention ratio is:.

Ry = z/L (3)
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In this calculation we neglect the variation of the density of the solvent near its front
but assume a piston flow of the mobile phase. This is in part compensated by round-
ing off n to the lower integer, and assuming that the non-retained solute has a circular
spot whereas it actually has a semi-circular or crescent-shaped one. Also the less
strongly retained spots are also the longer ones in the direction of the development so
that it is rare that the second spot has an R larger than 0.85-0.90 (ref. 22).

The spot diameter is obtained using the addition of variances

6? = a7 + zH (4)

where o, is the standard deviation of the sample spot deposited on the plate and H is

the average HETP corresponding to the spot compound?®. H is obtained by integrat-
ing the Knox empirical equation for the reduced plate height??

B
h==+ AP + Cy (5)
v

with

h

]

Hjd,and v = ud,/D,, (6)

where d, is the diameter of the particles used to make the chromatographic bed, u is
the solvent velocity and D, is the diffusion coefficient of the compound in the solvent.
The integration is carried out to account for the variation of the solvent velocity
during the development, since the movement of the solvent front obeys the quadratic
law

L* = kt 7

where ¢ is the time, L the migration distance of the solvent above its level in the
solvent tank and & the kinetic coefficient of the solvent:

k=0d, ®)

6 is a function of the nature of the solvent®*. Integration of eqn. 5 using eqns. 6-8
: 23
gives

— a 23 _ 213 1 L
H=b(L+2) + 2 (U = ) 4 poin ©)
with
a = 3A4d 3P0\ 22D, )\ (10)
b = BJod, (11

¢ = COd32D, (12)
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while B is related to the diffusion coefficients by**:

1 -R
B = 2<vam s F-ysDS> (13)

F

v is the tortuosity and D the diffusion coefficient, while the subscripts m and s refer to
the mobile and stationary phases respectively. As a first approximation, y,,D,, and
y.D, are similar and we assume them to be equal. Hence:

B = 2yD/R; (14)

Combination of eqns. 3, 4, 9 and 14 gives

2yD
az=a§+L[0d (L + zy) + R H} (15)
with:
PO Y S AL (16)
L . L=z 24
0y, 0y, ... 0, are calculated using egns. 1, 3, 15 and 16 and summed until » is ob-
tained.

The calculation of the spot number in two-dimensional TLC is slightly more
complicated, since all spots spread during the two successive developments, unequally
in the direction of development and in the perpendicular direction. This is illustrated
in Fig. 1. Let #; and n, be the spot capacities obtained in one-dimensional TLC along
the two different development directions with a sample spot standard deviation of g,
and 2n be the spot capacity achieved in two-dimensional TLC. Obviously 2 is smaller
than the product n,n,, for two reasons. First, when the second development starts the
spots have a dimension (length along the second direction, i.e., width perpendicular
to the first direction) which is larger than o,. Accordingly the spot capacity for this
second development is smaller than n,. The spot capacity in the second direction
should be calculated for an original spot dimension g, such that

2D, 2
63 = a2 + D1, = o* + Vk‘ L (17)
1

where the subscript 1 refers to the first solvent. This gives n}, the spot capacity along
the second direction in two-dimensional TLC. Secondly, during the second develop-
ment, the spots also spread laterally, so they must be separated with a resolution
higher than unity at the beginning of this second development if they are to have a
resolution of 1 at the end. Some of the resolution provided by the first development is
lost during the second one.

Accordingly, in two-dimensional TLC the standard deviation to use in eqn. 1
to calculate n, is given by:

2y, D, 13
o2 = g + z H + 222
k,

(18)
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Fig. 1. Scheme of spot distribution on a two-dimensional TLC plate, after the two developments are
completed. 1,2 = The two development directions; F,, F, = solvent fronts. In this case n; = n; = 7; n, is
between 9 and 10. The spots corresponding to compounds which do not move during the second develop-
ment (R, = 0) spread to some extent (¢f., dotted profiles).

Then the spot capacity in two-dimensional TLC is given by
n = n| nf (19)

where n] and #} are calculated using eqns. 1-3, 9-12, 14-16 and 18. These calculations
have been made for a number of combinations of plate and solvent characteristics to
investigate the performances which are accessible.

These derivations assume that the thin-layer bed is homogeneous and iso-
tropic, so that there is no coupling between the two developments. We have neglected
the compression effect at the beginning of the second development; the solvent front
reaches the lower side of the spots first and moves it towards the centre of the spots, so
actually it reduces the effective spot width by a factor (I — R;). This phenomenon
was also neglected when it acts on the original sample. It may result, however, in a
significant increase in the spot capacity.

We have considered it implicit that the spot capacity is equal to the product #}
x ny and the spots are arranged in rows and columns after a regular square pattern,
the numbers of spots n] and »} being calculated along the axes 1 and 2 through the
centre of the sample spot. The spot capacities along these directions would be slightly
smaller if calculated at the other end of the plate, along the solvent front F, for
direction 2 and along solvent front F, for direction 1, since the corresponding spots
have moved over a longer distance. The difference is not great in most cases however,
as molecular diffusion tends to control spot broadening in TLC??, This effect, which
would result in a decrcase in spot capacity, is approximatively compensated by the
fact that the spots could be packed more densely than in a square-based tessellation: a
regular hexagonal tessellation could accommodate 2/\/3 or 159 more spots.

Also neglected in eqns. 17 and 18 is the contribution to radial or lateral band
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broadening due to the anastomosis of the flow stream pattern. It is at most equal to
0.15zd, and thus negligible compared to 2yDt.

Finally the limiting spot capacity, reached after an infinitely long development
time in both directions, so that the sample spot size becomes negligible compared to
the final spot size, is

2
L d
np = = P (20)

D, D b, D,
4 [ L + 2|12 32V<— + >
y</\’,l * /\’2> 0, 0,

as derived from eqns. 4, 7 and 8 of ref. 22.

RESULTS AND DISCUSSION

We have carried out calculations using the model developed above to assess the
effects on spot capacity of the various characteristics of the chromatographic systems
used, and of the parameters of the TLC bed.

We first studied the effect of the sample spot size and of the distance of this spot
above the solvent level, then the most important parameters, the plate size (it is
assumed to be square) and the average particle size. We assume that the TLC bed is
thin enough so that the plate efficiency is not affected by vertical segregation of
particles of different sizes during preparation of the bed. Then we calculated the effect
of the quality of the TLC bed (parameters 4 and C of eqn. 5) and of the parameters of
the chromatographic system: the diffusion coefficient of the solute and kinetic param-
eter of the solvent. The diffusion coefficient is assumed to be the same for all solutes.
Another assumption (such as a relationship between D and R;) would be equally
arbitrary and would lead to extremely complicated calculations. Thus the reduced
velocity is also taken to be the same for all solutes.

Throughout this work we have taken the bed tortuosity to be 0.7, a value often
employed??. Except when the effects of these parameters is studied, the bed charac-
teristics 4 and C are equal to | and 0.01 respectively, in agreement with experimental
results?4:25,

Although it is quite reasonable to assume that the plate characteristics
(4,C,y,d,) are the same in both directions, this is less acceptable for the solvent
characteristics. The kinetic coefficient is quite different from one solvent to another
and so is the diffusion coefficient. The latter can be approximated by the Wilke—
Chang equation?®

T
D,=174x 107" Jo,M, - =
mvy

(21)

where M, and n, are the molecular weight and viscosity of the solvent, respectively. T
the temperature (°K) and V, the molar volume of the solute. ¢ is an association
constant (2.6 for water, 1.9 for methanol, 1.5 for ethanol, | for non-associated
liquids). A correlation exists between 8 and the diffusion coefficient of any given
solute, at least in normal chromatography, as in this case the cosine of the wetting
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angle is unity tor all solvents: 6 is inversely proportional to the solvent viscosity as is
D, and the surface tension increases gradually with the molecular weight, except for
light, very polar solvents like acetonitrile and acetone. Accordingly, most of the
calculations have been made using values of § and D,, which are both smaller in one
direction than in the other one. We have chosen for D, and D, values of 5 x 107°
and 2 x 107° cm?/sec respectively, which are typical of medium size molecules
constituting most of the complex mixtures of current interest, and for 6, and 6,,
values of 120 and 60 corresponding respectively to fast and rather slowly moving
TLC solvents (¢f. eqns. 7 and 8). In a separate section, the influence of these two
paramelers 1s studied and calculations are made using different combinations of
values for 6,, D, and 6,, D,.

As very little experimental work has yet been done in two-dimensional TLC, it
is not useful at this stage to make a thorough investigation of the whole situation; it is
sufficient to obtain enough data to give a flavour of the potential of the technique.

Theoretical limit of the performance

The theoretical spot capacity, achieved with either a sample spot diameter of
zero or an infinitely long development time, unrealistic conditions in both cases, has
been calculated for a variety of experimental conditions, using eqn. 20. The results are
reported in Table I, together with the corresponding values for one-dimensional
TLC. The spot capacity in two-dimensional TLC exceeds that in conventional TLC,
using the same plate characteristics and solvent systems, by about one order of mag-
nitude, although it is markedly smaller than the product of the spot capacities in
both directions, as expected from the radial diffusion of the spots.

The theoretical performance cannot be reached, as usual in chromatography,
but we can expect to be able to achieve rather easily half the theoretical limit, since it
has already been demonstrated that the development time required for a similar effect
in one-dimensional TLC is very reasonable?,

This means that, in spite of the limits of the TLC technique, two-dimensional
TLC could be comparable to column liquid chromatography in terms of resolution
power, provided two independent retention mechanisms can be found.

Influence of sample spot size
The results are given in Table 11. The calculations have been made for square
plates having sides from 1 to 5 ecm. The sample spot is placed on the plate diagonal at

TABLE 1
THEORETICAL LIMIT OF THE SPOT CAPACITY IN TWO-DIMENSIONAL TLC (¢f., EQN. 20)

y = 0.70; ny = /0d,/32yD

d, 3 5 7 10 15 20 7 7 7 7
D, x 10° 5 5 5 5 s 5 1 2 10 10
9, 120 120 120 120 120 120 30 60 120 120
D, x 10° 2 2 2 2 2 3 1 1 5 10
9, 60 60 60 60 60 60 30 30 100 120
. 18 23 27 32 40 46 30 30 19 19
Ny 20 25 30 36 44 51 30 30 25 19

2n‘T 178 297 416 595 892 1190 468 468 234 187
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a distance z, from each side and development is carried out successively in both
directions, until the solvent front reaches the opposite edge of the plate in both
cases. Only S-um particles are considered here, as it has already been shown that the
effect of the sample spot size is most important on short plates made from small
particles®?.

As expected the spot capacity falls dramatically for sample spot sizes larger
than 0.1-0.2 mm with the small plates. With larger plates it becomes easy to achieve
half the theoretical spot capacity of the plate with acceptable sample size: with a
sample spot diameter of 2 mm and a 5-cm plate it is still possible to resolve 144 spots,
closc to half the limit of 297 (Table I, column 2). The total development time is only
21 min, to which some time should be added to allow for an intermediate, drying step
between the two developments.

It will be possible to achieve more than half the theoretical performance in
most cases with quite reasonable specifications, except for small plates, which are very
fast to develop but conversely require very small samples?”’.

Plates larger than 15 cm have not been considered because of an excessive
development time. Development times calculated for a number of combinations of
plate size and average particle diameter are reported in Table III. The total analysis
time is the sum of the two development times and the time necessary to dry the plate

TABLE 1V
INFLUENCE OF z, ON THE SPOT CAPACITY

A=1;C=001;7 =070; D, =5 x 10" %cm?fsec; D, = 2 x 107 em?/sec; 8, = 120 em/sec; 6, = 60
cm/sec.

L(cm) d,(um) zo(cm) a;(cm) "y A Zn 2y
1 S 0.1 0 10 10 100 297
0.2 0 10 10 100
0.5 0 7 7 49
2 3 0.1 0 12 12 144 178
0.04 9 9 81
0.2 0 12 12 144
0.04 8 8 64
0.5 0 10 10 100
0.04 7 7 49
5 0.1 0 13 13 169 297
0.04 9 9 81
0.2 0 13 12 156
0.04 9 9 81
0.5 0 11 11 121
0.04 8 7 56
7 0.1 0 12 12 144 416
0.04 9 9 81
0.2 0 12 12 144
0.04 9 8 72
0.5 0 11 11 121
0.04 7 7 49
4 8 0.1 0 15 15 225 297
0.2 0 15 15 225
0.5 0

15 14 210
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between the two developments. This drying should be made very carefully'® as the
reproducibility of the retention data during the second development is strongly in-
fluenced by the presence of minor amounts of the first solvent sorbed on the
stationary phase. The last step cannot be undertaken in less than 10 min.
Calculations have been made for combinations of plate length and particle size
which result in a total development time not exceeding 10 h. In spite of the work of
the pioneers in this field' =3, it seems that longer times are not realistic and we do not
consider further conditions which require development times in excess of a few hours.

Influence of z,

This influence is particularly significant on small plates, so it has been studied
on plates having sides from 1 to 4 cm, made from 3-7 um particles. The data are
reported in Table ['V. They show that z, has little influence as long as it is less than
209 of the plate side and no influence at all if it is 10 9] or less. However, with a small
plate it is not possible to achieve a large fraction of the theoretical limit. This is
discussed in the next section.

In the following we have used values of z; = 0.2 cm for plates smaller than 5
cm square, and 0.5 cm for larger plates. This is reasonable and meeting these specifi-
cations does not seem to raise any significant experimental problem. It is worth
noting also that retention data are reproducible only if the migration distance of the
solvent front is large compared to z,, at least three times and preferably ten times
larger!®,

Influence of plate length and particle size

These are the most important characteristics of a plate, together with the
homogeneity of the packing which is considered in the next section. Performances
have been calculated for various combinations of plate length and particle size and
the results are reported in Table V, together with the theoretical maximum spot
capacity as calculated by eqn. 20. The original spot size used (¢; = 0.4 mm), although
quite realistic for most TLC applications, may appear somewhat large in view of the
progress which may be expected in the near future. The data in Table Il show that
with such a spot size there is a marked decrease in the performances of short plates.
To allow further comparison, other data are given in Table VI, calculated for a much
smaller sample size, close to the technical minimum with present technology (o; = 0.1
mm). The results in Table VI agree with those in Table 11 showing that the sample
spot size has a significant effect only for plates smaller than 5 cm. For 2-cm plates, for
example, the improvement obtained with a four-fold decrease in sample spot size is
very important.

For plates made from small particles it does not seem too difficult to reach a
spot capacity close to the theoretical limit within an acceptable analysis time. Analy-
sis times are given in Table LIl and calculations have been carried out only for
combinations of L and d, which lead to analysis times shorter than about 3 h, already
a long time by present day standards. In 2 h and 20 min it is possible to achieve 98 9,
of the maximum spot capacity using a 10 cm long plate made from 3-um particles if
the sample spot standard deviation is 0.4 mm, while the same performance is achieved
within 30 min with ¢; = 0.1 mm. In a similar time, only about half of the theoretical
spot capacity is achieved with a 30 cm long plate made from 20-um particles.



G. GUIOCHON et al.

12

0611 68 S6S 9IY L6T Ll Lu,
0t
§Z9 Y4 54 0C
(44 1c (44 v8F T [44 124 ¥4 |14 ST
19¢ 61 61 (014 20014 ¥4 00y 0T 0C 19¢ 61 61 96T 91 91 01
96¢ 91 91 90¢ L1 81 43 81 81 68C LI LI 96T 91 91 691 €1 ¢l L
691 €1 ¢l (Y44 ST St 96T 91 91 9s¢ 91 91 (Y44 S G1 124! 4! Cl S
11 I It 961 4! €l 961 2! 14! 961 14! 4! 961 14! 4! 122! Cl 4! 4
18 6 6 011 (11 Il Ict 1T 1T 44! 4! 4! 00T o1 0l £

L 8 6 I8 6 6 9 8 8 T

4 S S 94 S S I

u, Tu Tu u, N Tu u, Tu Tu u, Tu Tu u, tu tu u, tu Tu

wrl gz = p wil ¢ = wrl Oof = “p wrl /=" wr ¢ =% wrl ¢ = 9 (w2)7
an g <7

IOJWIGQWOG > TIOJUWD Y = %z {uld ('Q = 10 $098/tI0 (9 = g {00s/w0 Qg = g 0as/ W0 Q1 X T = @ 09s/;ud 4 01 X ¢ = '@ oL 0 =400 =01 =¥
ALIDVAVYD LOdS NO FZIS ATOILYVd ANV SNOISNIWIA FLVTd 40 SONHNTANI

AFTEVL



SPOT CAPACITY IN TWO-DIMENSIONAL TLC 13

TABLE VI
INFLUENCE OF PLATE DIMENSIONS AND PARTICLE SIZE ON SPOT CAPACITY

As for Table V except g; = 0.01 cm.

Licm) d, =3 um d, =5 pum d, =7 pum d, = 10 ym

n} A n " n Zn n} n n n} A n
2 11 3! 121 12 12 144 12 12 144 Il 10 110
3 12 12 144 14 14 196 14 14 196 13 13 169
5 13 13 169 15 15 225 16 16 256 16 15 240
7 13 13 169 15 15 225 17 17 289 17 17 289
Ar 172 297 416 595

A
k=]

8

Although the theoretical spot capacity is much larger, development is much slower
and the time required to reach 90 9/ of the spot capacity would be prohibitively long.

As in conventional TLC, the spot capacity increases monotonously towards
the theoretical limit (eqn. 20) with increasing development length, while at constant
length there is an optimum particle size (cf., Fig. 2). For smaller particle sizes the spot
capacity decreases with decreasing d,, because the development is too slow and diffu-
sion becomes more and more important, while for larger particle sizes the spot ca-
pacity decreases with increasing particle size because of increasing flow velocity and
band broadening due to packing heterogeneity. Nevertheless, the large spot capacities
which can be achieved in rather moderate analysis times are striking. They are com-

10

L 1 1 dp(pm) 1
0 20

Fig. 2. Plot of the spot capacity in two-dimensional TLC versus the particle size for three different develop-
ment lengths as indicated on the corresponding curves (L in cm). Conditions as in Table V.
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TABLE VII

INFLUENCE OF THE DIFFUSION COEFFICIENT AND KINETIC PARAMETER ON THE SPOT
CAPACITY

A=1;C=00l;y =070; L = 10cm; d, = 10 um; z, = 0.5 cm; o; = 0.04 cm.

D, x 10° 0% D, x 10° 0,% ny A I Zppx
(cm?(sec) (cm/sec) (em?/sec) (emyfsec)
2 60 2 60 19 19 361 669
2 120 2 60 19 20 380 892
2 120 2 120 19 19 361 1339
5 120 2 60 18 18 324 595
- - 2 120 i9 i8 342 765
- - 5 20 11 12 132 153
- - 5 60 15 16 240 357 -
- e 5 100 17 17 289 487
- 5 120 18 18 324 535
- - 5 140 18 18 324 576
- - 7 60 14 15 210 281
- - 7 120 17 17 289 446
- - 10 60 13 13 169 214
- - 10 120 15 16 240 357
10 60 10 60 11 11 121 133
10 120 10 60 12 12 144 178
10 120 10 120 14 14 196 267
* Development time: 14 min for § = 120 cm/sec, 28 min for § = 60 cm/sec.

** From eqn. 20.

parable to or larger than the peak capacities which can be obtained with the best
columns available in high-performance liquid chromatography (HPLC).

A peak capacity of 100 requires a 40,000-theoretical plate column, which is
more than most HPLC columns can produce: it requires at least a 40 cm long column
packed with 5-um particles and the analysis time at v = 3 would be 2 h 45 min for
k’ = 6.4. This is certainly possible to achieve with current technology, but it becomes
increasingly difficult to do better, while spot capacities in the range 200-300 and more
do not seem terribly difficult to achieve in TLC (Tables III, V and VI). Fairly large
values of the sample spot standard deviation can be tolerated for practical appli-
cations, and dilution does not greatly exceed one order of magnitude, which still
permits sensitive detection. A peak capacity of 300 requires a 360,000-plate column,
which is more than half the world record?® and more than almost anybody has yet
been able to achieve. Nevertheless, data from Tables 111 and V show that it can be
achieved in two-dimensional TLC in an hour or so. For example, a 10-cm square
plate coated with a layer of 10-um particles has a spot capacity of 324 with o; = 0.4
mm and its two developments take a total of 42 min. The ultimate performance
achievable in two-dimensional TLC, in terms of spot capacity, is of the order of 500,
which exceeds that which can be obtained in column chromatography with reason-
able experimental conditions?®.

Finally it should be noted that the procedure of calculation resulting from the
application of the law of variance addition ensures that the spot capacity is in-
dependent of the order in which the two developments are carried out. We also
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TABLE VIII
INFLUENCE OF PLATE CHARACTERISTICS ON SPOT CAPACITY
D, =5 x 107 %cm?fsec; D, = 2 x 107®cm?/fsec; 8, = 120 cm/sec; #, = 60 cm/sec; L = 10 cm; d, =10

pm; a; = 0.04 cm;y = 0.70; 20y = 595.

A C ny A n
3 0.01 15 15 225
1 0.01 18 18 324
0.8 0.01 19 19 361
0.5 0.01 20 20 400
1 0.03 18 18 324
1 0.10 18 17 306
1

0.30 17 16 272

observe from Tables V and VI that with the solvent characteristics chosen (D, 0) the
spot capacities in the two directions are almost always identical. This would not be
true for more dissimilar solvents, but this is an improbable situation.

Influence of the solvent characteristics

There are two important parameters which depend on the solvent used: the
diffusion coefficient, which for a given solute can vary by a factor of 2 to 5, and the
kinetic coefficient which is usually between 60 and 120 and can vary between 20 and
140 at most**. Calculations have been made using different set of values for both
solvents and are reported in Table VII. We have chosen a plate with good potential
performance for these calculations, a 10 x 10 cm square coated with 10-um particles.

The spot capacity which can be achieved in a reasonable time (total develop-
ment time about 45 min) increases markedly with decreasing diffusion coefficient in
and increasing velocity coefficient of the two solvents. TLC is not well suited to the
analysis of low-molecular-weight compounds because the average reduced velocity
during a development carried out under the usual conditions is too low and spot
broadening by molecular diffusion is too important.

We observe also that the performances achieved with the plate considered are
markedly lower than the theoretical performances and increase much more slowly. In
fact it is extremely difficult to find conditions in which the spot capacity would reach
400 without drastic requirements, especially regarding analysis time.

Influence of the plate characteristics

Besides the plate dimensions and the particle size already discussed, other
characteristics to be considered are the coefficients of the theoretical plate height
cquation (eqn. 5), the bed tortuosity, y, the packing homogeneity coefficient, 4, and
the coefficient of resistance to mass transfer, C.

There is little one can do about y. The axial diffusion term has not been studied
intensively since the classical work by Knox*°. Recent data by Theumneum and
Hawkes®! show that in gas chromatography it is not constant but increases slightly
with increasing gas velocity. Whether the same is true in liquid chromatography and
to what extent is still unknown. In all our calculations y is taken as constaat and equal
to 0.7. Significant changes of y, however, much larger than the range of variations
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reported by Hawkes, would be required to atfect markedly the spot capacity. For
example, under the conditions given in Table VIIL, for 4 = 1 and C = 0.01, ny =16
fory = 0.50, 18 for y = 0.70 and 20 for y = 1.0. In practice we can consider that y is
between 0.65 and 0.75 which leads to a value of n; of either 19 or 18, hardly a
significant variation.

The influence of 4 and C has been studied and results are reported in Table
VIII. The influence of 4 has been studied in the range from a value of 0.5 which
corresponds to an extremely homogeneous bed to one of 3 which corresponds to a
fairly poor bed. In column chromatography it is very difficult to achieve values of A4
less than 1, but making an homogeneous thin packing as in TLC seems an easier lask
and values of 4 smaller than 1 have been obtained for commercial plates®*. Reducing
A seems to be the easiest way to improve the plate performance, since this does not
change the analysis time nor does it require any adjustment of the chromatographic
system properties. However, there is as yet little information on how to do it, and the
improvement, although major when performances of plates of high and low packing
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Fig. 3. Separation of azaarenes by two-dimensional TLC. Stationary phase: RP-18 (Merck). Development
1: ethanol-water (20:1). After drying the plate is briefly dipped in a solution of ethanol-water—ammonia +
1 M Cu(NOs,), (13:1:6) carefully avoiding wetting the strip where are the compounds separated by the first
development. Development II: after drying: ethanol-water + 1 M Cu(NOjy), (15:2). Plate size: 10 x 10
cm. Spots: 1 = indenopyridine; 2 = benzo-5,6-quinoline; 3 = benzo-3,4-quinoline; 4 = benzo-7,8-
quinoline; 5 = 7-azafluoranthene; 6 = 2-tolyl-3-methylquinoline; 7 = 9-methylbenzo-5,6-acridine; 8 = 5-
ethyl-9-methylbenzo-1,2-actidine; 9 = 2,2’-biquinoline; 10 = acridine; 11 = phenazine; 12 =
benz[a]acridine; 13 = 4-azapyrene; d = unknown; s = sample.

Fig. 4. Separation of a mixture of nucleic acid components by two-dimensional TLC. Stationary phase:
silica gel 60F, 5, 5-um particles. Plate size: 10 x 10 cm. No activation prior to analysis. Development I: 1-
butanol-acetic actd-water (12:3:5); drying for 5 min at 110°C and 2 h at ambient temperature. Develop-
ment II: 1-propanol-ammonia—water (50:5:10). Spots: a = thymidine; b = adenosine; ¢ = hypoxanthine;
d = guanine; e = cytosine; f = xanthosine; g = guanosine; h = 5'-thymidine monophosphate; i = 5'-
uridine monophosphate; j = 5-adenosine monophosphate; k = 5-inosine monophosphate; 1 = 5-
cytidine monophosphate; m = 5'-guanosine monophosphate; n = cyclic adenosine monophosphate; p =
uridine; s = sample. The mechanisms of these separations will be discussed elsewhere.
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qualities are compared, is not very important for values of 4 lower than 1. This is
because during a TLC development the solvent velocity is so low most of the time that
the contribution to spot broadening of the A term of the plate height equation is
minor?3.

A marked reduction of this contribution is accordingly not very significant,
even so the conditions selected for Table VII are such that the first term of the plate
height equation (axial diffusion) is not as predominant as it is in many TLC analyses.

All this discussion applies as well to the influence of the parameter C. The third
term of the plate height equation usually gives a very minor contribution to band
broadening in TLC?3. A thirty-fold increase of C only reduces n} by 1, which is hardly
significant. Any kind of packing material which gives fair results in column chroma-
tography, as far as resistance to mass transfer is concerned, will be useful in TLC and
will not contribute significantly to band broadening.

Comparison with experimental data

Few quantitative data are available in two-dimensional TLC. Th’'s technique is
hardly amenable to scanning because of the difficulty in localizing the exact centre of
a spot and the fact that a number of parallel profiles (about 40-50) should be ob-
tained for each spot. We have attempted such scans on spots obtained on various
plates, but it takes a very long time to scan a small part of a plate and it was not
possible to achieve illustrative results; so we show two chromatograms in a conven-
tional way, the spots being drawn as the contours of the luminous spots seen when the
developed plate is placed under an UV lamp.

Fig. 3 shows the separation of thirteen different azaarenes and nine unidenti-
fied impurities, probably other azaarenes. The separation compares favourably to
those obtained by Engel and Sawicki*?. From the measurements of the spot dimen-
sions in the x and y directions it appears that the spot capacities in these two direc-
tions are 12 and 15 respectively, hence the total spot capacity of the plate is 180.
Theory predicts 19 for one single TLC development??, 14 for each development in
two-dimensional TLC and a total of 196 (¢f., Table V). The agreement is excellent. It
will be noted, however, that the spot capacity is markedly larger in the direction of the
second development. This results from the concentration effect at the beginning of the
second development as the lower edge of the spots starts moving upward before the
upper end. Account of this effect could be taken by multiplying the second term of the
right-hand side of eqn. 17 by R;.

A similar effect is observed in Fig. 4 which shows a separation of fifteen nucleic
acid components. Although, as in the chromatogram of Fig. 3, the same adsorbent is
used with two different chromatographic systems, the spots are much narrower in the
second direction (16.6 x 1073 R instead of 31 x 107? R;). Accordingly the spot
capacities along the two directions are 60 and 31 respectively, with a total two-
dimensional TLC capacity of 1860, whereas theory would predict about only 320,
because of the low values of the diffusion coefficients. Part of the considerable dif-
ference probably results from the low sensitivity of the detection and the necessity to
draw spot shapes in dim light. In such a case there can be little relationship between
spot width and zone standard deviation®. Nevertheless, chromatograms such as this
one attest to the power of the technique.
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CONCLUSIONS

Whereas TLC offers a resolution power quite lower than column chromatogra-
phy, with an analysis time which increases much faster than the necessary plate
number, in contrast to what happens in column chromatography?!, the situation in
two-dimensional TLC is quite different (c¢f., Table IX). The resolution power
available is much larger than anything attainable in column chromatography and the
analysis time remains quite reasonable, although again it increases rapidly with in-
creasing spot capacity. This makes two-dimensional TLC very attractive in principle
for the separation of complex mixtures, much more powerful, in theory at least, than
column chromatography (c¢f., Table [X).

However, two major practical problems remain to be solved, one of which
seems to be much more difficult than the other one, as discussed in the Introduction.

First, whereas in TLC or column chromatography only one retention mecha-
nism, or chromatographic system, has to be selected, in two-dimensional TLC we
need two such mechanisms or systems which are compatible and which are indepen-
dent or orthogonal, i.e., there should be little correlation between the retention pat-
terns in both systems, otherwise the spots tend to agglomerate along the bisector of

the plate and the spot capacity is merely multiplied by \‘ﬂ True, neither system needs
to separate all the constituents of the mixture, but the interferences must be different
with the two systems. Thus the spots corresponding to the different components will
be spread over the entire plate and advantage can be taken of the large spot capacity.
Advances in the understanding of retention mechanisms and of the physico-chemical
basis of selectivity in column chromatography could certainly be used to select such
combinations of mechanisms as normal phase LC, reversed-phase LC, size exclusion
LC, affinity chromatography, etc. Nevertheless two-dimensional TLC has been used
with success in the past as explained in the Introduction and continues to be ap-
plied'™""'%, There are thus many ways to solve this difficult problem.

However, data acquisition remains the real bottleneck of the technique. Neither
spectrophotodensitometers, definitively too slow for this application, nor Vidicon
cameras, which lack the optical resolution, offer even the hope of a satisfactory
solution. Our calculations have shown that two-dimensional TLC offers spot capac-
ities between 100 and 400 which are easy to achieve with current equipment. Only
the use of diode arrays could be helpful in this situation, or advanced image ana-
lyzers®?.

Thus, our calculations demonstrated that whereas two-dimensional TLC offers
an extremely high resolution power, it also presents a great challenge to the equip-
ment designer and.will certainly require a sophisticated and expensive system for
data acquisition and handling.

It seems to us that, in the quest for an extremely high resolution power, a
chromatographic system simpler than a multi-million-plate column?®-2° but less crude
than a TLC system’ should be used. There seems to be a way to combine the resolu-
tion power of two-dimensional TLC and the flexibility and efficiency of column
chromatography!®34:3%,
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ADSORPTION OF ACETONE AND BUTANE ON LIQUID-MODIFIED
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SUMMARY

Gas-liquid, gas-solid, and gas-liquid-solid equilibrium isotherms were de-
termined for acetone and butane on graphitized carbon black (Carbopack C) and
liquid-modified graphitized carbon black (Carbopack C plus 0.2 9, Carbowax 1500).
The measurements were carried out over the range of temperatures from 30 to 75°C
by mass spectrometric tracer pulse chromatography with stable isotopic solutes.
Studies of the gas-liquid systems show that the bulk liquid undergoes a phase tran-
sition (wax — liquid) at 40°C and that the equilibrium isotherms vary significantly
with temperature for the wax form. The temperature of the phase transition is shifted
to 50-55°C for the same liquid coated on Carbopack C as a thin film.

The adsorption isotherms of acetone on the coated and uncoated Carbopacks
were interpreted by means of a model of simultaneous competitive and cooperative
adsorption effects. The Carbowax-modified adsorbent generally adsorbed as much, if
not more, acetone at any given pressure than the uncoated adsorbent. This effect was
attributed to specific lateral interactions between the solute and liquid or wax mod-
ifier. The magnitude of the enhanced capacity was much greater than could be ac-
counted for by bulk solubility of acetone in the Carbowax.

The effect of preadsorbed acetone on the adsorption and retention of other
solutes was also investigated. The specific retention volumes of small samples of
butane were measured as a function of the surface coverage by acetone or acetone
plus Carbowax 1500. Small amounts of preadsorbed acetone had little or no effect on
the retention volume of butane, and the retention volumes were greater on the un-
coated adsorbent. However, at surface coverages close to a monolayer, the retention
volume of butane decreased dramatically with increased acetone adsorption. Also, at
higher surface coverages, the retention volumes were the same for the coated and
uncoated adsorbent at any fixed amount of acetone adsorbed. These “interference
plots” were also explained in terms of the model previously discussed.

INTRODUCTION

Graphitized carbon blacks (GCBs) are unique adsorbents which have been
used extensively as trapping material for water and air analysis and as chromato-

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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graphic stationary phases for the separation of a wide variety of samples'~. These
adsorbents have relatively homogeneous surfaces; however, many investigators have
found that the chromatographic properties of these adsorbents could be improved by
the addition of small amounts of a normal chromatographic liquid phase, presum-
ably to block and deactivate high-energy, specific adsorption sites on the GCB sur-
faee® Ve, '

Numerous investigations have been carried out to determine the exact effect of
these high-molecular-weight, non-volatile liquids on the chromatographic properties
of the adsorbents. The experiments usually involved the measurement of the isosteric
heats of adsorption or some chromatographic retention parameter as a function of
the amount of liquid phase coated on the adsorbent. Kiselev ez al.” studied poly-
ethylene glycols of different molecular weights coated on GCB and found that the
retention volumes of all of the solutes studied decreased dramatically at the point of
formation of a monolayer of the liquid. Bruner and co-workers>® found that the
isosteric heats of adsorption of alkanes and substituted benzenes increased slightly (1-
3 kecal/mol) with surface coverage by high-molecular-weight hydrocarbons, such as
squalane, up to the coverage corresponding to the formation of a monolayer. A sharp
(4-6 kcal/mol) decrease in the heats was observed at the point of formation of a
monolayer. These same general results were obtained®> for alkane solutes on GCB
coated with a polar liquid, such as glycerol or Carbowax (PEG). The results for polar
solutes (alcohols) were similar; however, the increase in the heats of adsorption at low
surface coverage was greater (3-6 kcal/mol) and the decrease in the isosteric heats at
coverages of a monolayer or greater was less dramatic (0-2 kcal/mol). It was also
observed* that much more of the liquid was required to form the initial monolayer
than was required for the formation of any subsequent-layer.

These observations have been discussed*™® in terms of a model incorporating
both competitive and cooperative adsorption. This latter effect is enhanced adsorption
caused by lateral interactions between the adsorbate and the liquid “modifier” on the
adsorbent surface®. All of the previously mentioned investigations were ‘carried out
with solutes at very low pressures (P — (). Under other conditions; there are ad-
ditional sorption mechanisms which may operate, especially at finite solute concen-
trations. These are (i) adsorption of the solute on the surface of the liquid, (i) solution
of the solute in the adsorbed liquid, (iii) adsorption of the solute on the liquid-
modified surface of the GCB, and (iv) cooperative adsorption caused by solute—solute
interactions in addition to solute-liquid phase interactions. Another factor which
must be considered is the magnitude of the modifier—adsorbent interactions which
control the type of adsorption (localized or mobile) of the polymeric liquid.

In addition, the properties of the adsorbed liquid and the liquid-modified sur-
face may differ significantly from the properties of the bulk liquid and the uncoated
solid surface. Kern et al.? found that n-alkanes exhibited “prefreezing” (ordering) on
the surface of graphite at temperatures above the normal freezing point of the bulk
liquid, and several authors®*® have reported that the vapor pressures of liquids are
diminished near a solid surface. Serpinet!? has shown that docosane exhibited un-
usual melting phenomena when coated on the surface of GCB. Shifted melting points
and significant hysteresis effegts were also observed for this system. This author'?
suggests that docosane does not exhibit normal solvent properties at the melting
point of the bulk liquid if it is coated on GCB, even in thick multilayers.
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In previous investigations'*!4, the interactions of solutes at finite concentra-
tions on the surface of GCBs with different surface areas have been studied. The effect
of a liquid modifier. Carbowax 1500 (CW-1500), on these interactions was also inves-
tigated for non-polar solutes. In general, it was found that the polar liquid modifier
did, indeed, decrease the capacity of the adsorbent for alkane solutes and that the
isotherms of the alkanes were linear and segmented for the Carbowax-modified ad-
sorbents. Significant cooperative adsorption was observed between the non-polar ad-
sorbates, but no cooperative adsorption effects were observed for the non-polar ad-
sorbates with the polar liquid. The primary role of the liquid in these systems was to
deactivate the surface and diminish the surface area available for adsorption of the
alkanes.

The mechanisms of retention and adsorption for these alkane systems are fairly
well understood. On the other hand, polar systems, especially with solutes at finite
pressures, are not as well characterized or understood. In this study, an investigation
of the interactions of polar solutes with other solutes and with adsorbed liquids on the
surface of GCB was undertaken. Other objectives were to clarify the role of the liquid
modifier in these adsorption systems and to test the significance of each of the possible
mechanisms which may operate in these polar systems, especially at high solute con-
centrations and at temperatures close to the normal melting point of the liquid
“modifier”.

EXPERIMENTAL

The instrumentation and mass spectrometric tracer pulse techniques have been
described elsewhere' 3!, The isotopic solutes used were [*HgJacetone (99.8 %) (Com-
missariat Pour I’'Energie Atomique, France) and [*H,]butane, which was synthesized
from butan-2-one by condensation with tosylhydrazide to give the tosylhydrazone
which was subsequently reduced with sodium cyanoborodeuteride.

Mixtures of helium and unlabeled acetone were used as the carrier gases. The
analysis of these mixtures was carried out on a Hewlett-Packard 5840A gas chroma-
tograph by comparison of the gas mixture with standard samples from a gas stream
saturated with acetone at different temperatures. The GCBs were commercial chro-
matographic adsorbents (Carbopack C and Carbopack C plus 0.2 % CW-1500) (Sup-
elco, Bellefonte, PA, U.S.A)).

The solubility studies were carried out with conventional packed columns. The
solid support was Chromosorb P AW DMCS (Johns-Manville, Denver, CO, U.S.A.)
coated with 21 %, CW-1500. Acetone was injected as a vapor with an effective sample
size of less than 5 ug. The dead time of the column was determined from the retention
time of the C,-C, alkanes'® or from the retention time of methane if the alkane peaks
were unresolved.

RESULTS

Carbopack C with 0.2 9/ Carbowax is a popular chromatographic adsorbent.
Unfortunately the liquid modifier is not pure, but rather a mixture of equal amounts
of CW-300 (PEG-300) and CW-1540 (PEG-1540). The material is a liquid at tem-
peratures above 40°C and a wax at the lower temperatures studied. Most practical
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TABLE ]
COMPARISON OF ISOTHERM AND ELUTION DATA FOR ACETONE IN CARBOWAX 1500

Temperature Specific retention Calculated limiting

°C) volume, V;’ (mllg) slope of isotherm
(mmol)

10 191 6.49

20 155 8.40

25 137 9.25

30 141 11.8

35 129 13.1

40 144 17.8

45 119 17.8

50 101 18.2

55 81.5 17.4

60 72.0 18.3

65 58.5 17.4

70 50.1 17.5

75 43.1 17.5

80 37.2 17.5

Average calculated limiting slope of isotherm  17.7
(temperature range 40-80°C)

Observed limiting slope of 1sotherm 17.9
(temperature range 40-75°C)

500

2001

)

(mi/g

100

Specitit retention volume
n
[=]
T

Lo 1 I § 1 |
160 40 120 100 BO 60 40 20
Temperature (°C)

2.4 26 28 30 3.2 34 36
1000/T (°K™")

Fig. 1. Specific retention volume of acetone in Carbowax 1500. O, Literature data'”; O, this work.
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TABLE II
THE SOLUBILITY OF ACETONE IN CARBOWAX 1500

Relative pressure Acetone dissolved Relative pressure Acetone dissolved
(P/P°) (mmollg) (P/P°) (mmolfg)
30°C 35°C

0.023 0.044 0.006 0.012
0.033 0.065 0.030 0.072
0.092 0.187 0.061 0.151
0.134 0.291 0.110 0.289
0.193 0.456 0.159 0.471
0.283 0.750 0.222 0.703
0.369 1.106

40°C 45°C

0.023 0.065 0.032 0.103
0.066 0.223 0.080 0.279
0.115 0.413 0.138 0.486
0.166 0.600 0.199 0.764
0.231 0.929 0.268 1.139
60°C 75°C

0.0t6 0.049 0.012 0.039
0.041 0.141 0.034 0.112
0.069 0.242 0.055 0.192
0.108 0.397 0.080 0.288

0.151 0.582

)
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Fig. 2. Equilibrium isotherms of acetone in Carbowax 1500. O, 30°C; @, 35°C; B, 40°C; O, 45°C; 1,
60°C: A, 75°C.
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chromatographic applications of this adsorbent system require high temperatures, so
the phase transition is not commonly a problem. However, sampling procedures are
usually carried out at ambient temperatures, and the lower temperature regions are of
more interest for a study of solute interactions on an adsorbent surface.

The low pressure (P — 0) solubility of acetone in bulk CW-1500 over a range of
temperatures from 30 to 75°C was determined by normal elution chromatography
with the liquid coated on a deactivated (DMCS-treated) support. These data are
presented in Table I, and Fig. 1 is a plot of the data in the form of In Vg vs. 1000/T.
The break in Fig. 1 at 40°C is due to the phase transition. The plots are linear at both
high and low temperatures; however, at temperatures close to 40°C a significant
hystersis effect was observed. If the column was equilibrated at room temperature and
then heated to 40°C, the measured retention volumes initially agreed with the ex-
trapolated value for the wax. Over a period of hours, the retention volume eventually
increased to the extrapolated value for the liquid and remained at that value. For this
reason two data points are shown in Fig. 1 for 40°C.

McReynold’s'” data at higher temperatures are also shown in Fig. 1. The
agreement between the two data sets is very good, especially in view of the fact that
the literature data is for a series of different molecular weight Carbowaxes. The heat
of solution for acetone in liquid CW-1500 was determined from the slope of the plot
and found to be —7.5 kcal/mol and the heat of “sorption” of acetone on the wax
form of CW-1500 was only —2.7 kcal/mol.

The solubility isotherms were also determined over a range of temperatures
and pressures by mass spectrometric tracer pulse chromatography (MSTPC)!5. These
data are given in Table II and Fig. 2. The plots of the amount of acetone dissolved as
a function of the relative pressure (P/P°) are congruent for the temperatures greater

TABLE 111

THE SPECIFIC RETENTION VOLUMES OF INFINITE DILUTION SAMPLES OF BUTANE
AND ACETONE ON GRAPHITIZED CARBON BLACK

Temperature Specific retention volume (mljm?)
°C)
Carbopack C Carbopack C with 0.2%, CW-1500
Butane Acetone Butane Acetone
10 3.08 — 1.63 -
30 1.10 0.810 0.804 0.900
35 - - 0.674 0.785
40 — - 0.536 0.638
40 0.83 - 0.600 -
45 0.579 0.436 0.454 0.540
50 — - 0.395 0.475
55 - - 0.355 0.450
60 0.360 0.265 0.297 0.376
65 = - 0.253 0.324
70 0.28 - 0.220 0.279
75 0.211 0.157 0.189 0.237
80 - 0.158 0.194

100 0.111 == 0.094 -
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than 40°C. This is indicative of a liquid polymeric system in which the athermal or
configurational contribution to the activity coefficient is predominant. On the other
hand, the isotherms at 30 and 35°C are more typical of solid adsorption isotherms.
The limiting slopes of each of the isotherms agree well with the value calculated from
the limiting elution data as shown in Table I. No hystersis effects were observed in the
MSTPC experiments at any of the temperatures used. This set of solubility data was
obtained in order to quantitatively evaluate the liquid solubility contribution to the
retention (adsorption) mechanisms for the liquid-modified GCB adsorbents.

The limiting (P — 0) retention data for butane and acetone on Carbopack C
and liquid-modified Carbopack C are given in Table Il as specific retention volumes.
These data were obtained by normal elution GC, however, the values are given in
units of ml/m?, rather that the normal units of ml/g. Fig. 3is a plot of In V' vs. 1000/
for the acetone data. There is an obvious irregularity in the range from 50 to 55°C.
This is indicative of the wax — liquid transition, which has been shifted to higher
temperatures by adsorption of the liquid on the GCB surface'?. This transition
occurs at ca. 40°C for the bulk liquid, but is shifted to 50-55°C when the liquid is
present as a monolayer on the adsorbent.

Fig. 3 also shows that there is a small contribution to the specific retention
volume from the solubility of acetone in CW-1500, or more likely from some other
mechanism which operates when the modifier is in the liquid form. The limiting heats
of adsorption for these systems were ca. — 7.5 kcal/mol for acetone on both the GCB
and liquid-modified GCB at temperatures above 40°C. The corresponding data for
butane was ca. —6.5 kcal/mol.

Adsorption isotherms of acetone on the two adsorbents were determined at
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Fig. 3. Specific retention volumes of acetone and on Carbopack C (O) and Carbopack C with 0.2%,
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Fig. 4. Adsorption isotherms of acetone at 60°C. O, Carbopack C; OJ, Carbopack C with 0.2 %, Carbowax
1500; ----, Carbowax 1500.

several temperatures using MSTPC and these data are given in Table IV. The first two
columns for each adsorbent represent the adsorption isotherm for acetone, and this
data is plotted in Figs. 4-6. The plot at 75°C is not shown; however, it has the same
general form as the plot for 60°C. At these higher temperatures, the liquid-modified
adsorbent adsorbed more acetone than the uncoated GCB at all pressures. On the
other hand, there was little or no difference between the isotherms of the two sorbents
at low temperatures and low pressures (Figs. 5 and 6, P/P° < 0.1). At higher pres-
sures, the capacity of the liquid-modified GCB was again greater than that of the
bare GCB.

This finite concentration data shows that several different adsorption mecha-
nisms are operative in these systems. The relative contribution of each mechanism is a
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Fig. 5. Adsorption isotherms of acetone at 45°C. Legend same as Fig. 4.
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Fig. 6. Adsorption isotherms of acetone at 30°C. Legend same as Fig. 4.

function of temperature, pressure, surface condition (bare or liquid-modified), and
the condition of the liquid or wax modifier.

DISCUSSION

In general, the results of this investigation agree with previous work. The liquid
modifier (CW-1500) blocks some of the surface sites. This is.indicated by the de-
creased adsorption of non-polar solutes, such as propane and butane, on the liquid-
modified adsorbents'*. The amount of surface blocked by the liquid cannot be de-
termined exactly, but is ca. 1/3 to 1/2 of the total surface area. However, this blocking
effect is only apparent for solutes which cannot specifically interact with the non-
volatile liquid modifier.

Solutes such as acetone which can interact with the polar liquid modifier ex-
hibit enhanced adsorption on the liquid-modified adsorbent in spite of the blocking
effect of the liquid. This enhanced adsorption is due to lateral interactions on the
adsorbent surface. The specific interactions are solute-modifier at low pressures and
solute—solute at higher pressures. Cooperative adsorption effects are also observed for
non-polar solutes for polar liquid-modifiers, but only at high pressures indicating only
solute—solute interactions. Cooperative adsorption of non-polar solutes with non-
polar liquids has been observed previously® at low solute pressures.

The significance of bulk solubility effects in these systems is not clear because of
the small amount of liquid (0.2 %/) and the monolayer character of the liquid film. The
solubility of butane in CW-1500 was too low for an accurate assessment at the
temperature used in this study; however, the solubility of acetone was significant and
was dependent upon the physical state of the modifier as shown in Fig. 1.

The specific retention volumes of infinite dilution samples of butane and ace-
tone on the GCB and liquid-modified GCB show that a phase transition occurs for
the CW-1500 on the GCB but at elevated temperatures. In this case the transition
occurs in the range 50-55°C, as indicated by both the acetone and butane data (Figs.
3 and 7). At higher temperatures, the heats of adsorption of acetone are equal for the
coated and uncoated adsorbents; however, the retention is greater on the liquid-
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modified adsorbent. The same is true for butane as a solute, except that the retention
is greater on the uncoated adsorbent. For both solutes, the heats of adsorption at
lower temperatures are significantly less than at high temperatures where CW-1500 is
a liquid. This decrease in heats and retention for the wax phase could be caused by a
change in the retention mechanism from solution to adsorption, as observed for the
bulk liquid, or by a change in the magnitude of the cooperative and competitive
adsorption processes on the liquid and wax coated adsorbents.

The modified adsorbents were studied at finite solute pressures in order to
examine further the retention mechanisms. At temperatures above the transition
temperatures for the CW-1500 on the GCB surface, the liquid-modified adsorbent
consistently adsorbed more acetone at the samc pressure than the uncoated GCB. This
could possibly be due to the solubility of acetone in CW-1500. To determine the
magnitude of this effect, the maximum possible solubility contribution to the sorption
isotherms at each temperature was calculated from the data given in Table Il and
plotted in Figs. 4-6 as the dotted line. This represents the enhancement in the iso-
therm that would be expected if the CW-1500 did not block any of the surface and the
CW-1500 had bulk solubility properties.

The increased capacity if the liquid-modified adsorbent is due to the cooperative
(solute-liquid and solute-solute) adsorption effects which are significant for these
systems when the modifier is a liquid. On the other hand, the wax-modified GCB (at
temperatures less than 50°C) showed enhanced adsorption of acetone at very low
pressures (Fig. 3) and high pressures (Figs. 5 and 6), but little or no effect at inter-
mediate pressures. At intermediate pressures, i.e. 0 < P/P® < 0.10-0.15, the amount
of acetone adsorbed by the modified and uncoated GCBs are the same within the
limits of the measurements. This observation cannot be explained by changes in the
solubility of acetone in CW-1500. More likely, there is a significant difference in the
relative magnitudes of the cooperative and competitive adsorption effects between the
two modified surfaces (wax-modified and liquid-modified).
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Fig. 7. Specific retention volumes of butane on Carbopack C (Q) and Carbopack C with 0.2 % Carbowax
1500 ().

Fig. 8. Specific retention volumes of butane on Carbopack C (Q) and Carbopack C with 0.2 % Carbowax
1500 (), as a function of amount of acetone adsorbed at 60°C.
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Fig. 10. Specific retention volumes of butane on Carbopack C (O) and Carbopack C with 0.2 % Carbowax
1500 () as a function of amount of acetone adsorbed at 30°C.

Localized adsorption of the wax form, as opposed to delocalized (mobile)
adsorption of the liquid form could account for the diminished magnitude of solute—
modifier cooperative adsorption at the lower temperatures and pressures. Decreased
mobility of the modifier on the surface would result in less accommodation of the
solute molecules, diminished cooperative adsorption and enhanced competitive ad-
sorption (blocking). At very low pressures of the solute, the mobility of the modifier is
not critical so the usual cooperative adsorption effects are observed. At higher pres-
sures, multilayer adsorption of the acetone is observed and the liquid simply pro-
vides a better surface for adsorption than the acetone itself in the form of multilayers
on uncoated GCB. The same phenomenon is observed at high pressures for all of the
temperatures investigated. That is, the physical state of the modifier (wax or liquid)
(localized or delocalized adsorption) does not influence the adsorption of acetone
after the formation of a monolayer.

This model was tested for additional solutes at infinite dilution, by measuring
the effect of adsorbed acetone on the specific retention volumes of small samples of
butane. This data is given in the fourth and last columns of Table IV for the two types
of adsorbent. The results are also shown in Figs. 8-10. The curves all have the same
general form as previously observed for butane and propane adsorption’*, At low
acetone pressures, the blocking effect of the CW-1500 is predominant. Increased
amounts of acetone adsorbed on the surfaces result in decreased retention (adsorp-
tion) of the infinite dilution samples of butane. The sharp decrease in the retention
volume with [-3 pmol/m? of acetone adsorbed corresponds to the formation of a
monolayer of acetone or acetone plus CW-1500. Significantly, the presence of CW-
1500 has little or no effect on the amount of acetone required to block out the butane
samples. This indicates that the acetone, unlike butane, is not preferentially adsorbed
on the solid (GCB) surface, but is adsorbed on regions of the surface “covered” by
the CW-1500 polymer. That is, there exist regions on the surface that are inaccessible
to butane because of competitive adsorption, but accessible to acetone due to co-
operative adsorption effects.
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CONCLUSIONS

CW-1500 present as a thin layer on the surface of GCB has significantly dif-
ferent physical properties, e.g. phase transition temperature and solubility, from the
bulk liquid. This confirms the results of previous investigations of similar systems'?2,

Cooperative adsorption due to solute-solute interactions was observed for both
acetone and butane at finite concentrations on both adsorbents. However, solute-
modifier interactions were observed only for solutes with polarity similar to that of
the modifier. These cooperative adsorption effects differed in magnitude for the same
system depending upon the mobility ol the non-volatile modifier on the surface of the
GCB.

Adsorption of a component from the carrier gas can significantly alter the
adsorption properties of the system for other solutes. The exact effect of the adsorbed
component depends upon the amount adsorbed and on the polarity and chemical
characteristics of the adsorbed component and the other solutes. The influence of a
non-volatile modifier is similar to that of a volatile component, except that the type of
adsorption (localized—delocalized) of the non-volatile modifier may significantly alter
the balance of the cooperative and competitive adsorption equilibria.
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SUMMARY

A high-performance liquid-chromatographic (HPLC) method for the determi-
nation of haloperidol in tablets was developed and evaluated by an inter-laboratory
study. The spectrophotometric method of the British Pharmacopoeia 1973 was
evaluated concurrently, and the accuracy and precision of the methods were com-
pared. Two samples of a commercially available haloperidol tablet formulation were
analysed by thirteen laboratories with satisfactory results for column performance
and precision of assay. The total error standard deviations, S, for the HPLC method
and the spectrophotometric method were 3.92 and 2.58 %, respectively. The HPLC
method is considered suitable for official testing purposes.

INTRODUCTION

In recent years, analysis of pharmaceuticals in dosage forms by chromato-
graphic methods has become widespread. A number of high-performance liquid chro-
matographic (HPLC) procedures have been adopted as Pharmacopoeial referee
methods and are used for the official testing of commercially available therapeutic
goods. While HPLC methods have obvious attractions over many older pharma-
copoeial procedures in terms of speed and selectivity, relatively little information has
been made available on the precision and accuracy of chromatographic methods of
pharmaceutical analysis under conditions of inter-laboratory usage. This paper de-
scribes an HPLC method for the major tranquiliser haloperidol {4-[4-(4-
chlorophenyl)-4-hydroxypiperidino]-4'-fluorobutyrophenone} in tablets and an
inter-laboratory study of its precision and accuracy as compared with a pharma-
copoeial procedure based on spectrophotometry.

The previous Australian official method for the determination of haloperidol in
tablets was that in the 1973 edition of the British Pharmacopoeia (B.P.)'. This method
involves direct extraction from the crushed tablet material, followed by measurement
of the absorbance of the resulting solution at 245 nm. A difficulty arose in the use of
this method for coloured haloperidol tablets because of interference from the dye-
stuffs. The experience of this laboratory was that, when the method was applied to
coloured tablets, the results for haloperidol were up to 229 higher than the true

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company



36 A. R. LEA, D. M. HAILEY, P. R. DUGUID

contents. It therefore seemed appropriate to use a chromatographic method as an
alternative, and an HPLC separation proposed by an Australian manufacturer? was
considered for further development.

EXPERIMENTAL

Development of HPLC method

In the manufacturer’s method, separation of haloperidol and the colouring
material was achieved on a Waters uBondapak C, g column, using methanol-water—
glacial acetic acid (80:20:1) as the mobile phase. Further work with this system
showed that the relationship between detector response (peak-height ratio) and con-
centration was non-linear. Linearity and peak shape improved when the amount of
haloperidol injected was decreased, but to obtain an acceptable response—concentra-
tion relationship it was necessary to add potassium chloride to the mobile phase. A
mobile phase consisting of methanol-0.01 M potassium chloride—glacial acetic acid
(60:40:2) was found to be suitable.

Fig. 1 shows a chromatogram obtained using this mobile phase at a flow-rate
of 1.5 ml/min, with a UV detector operating at 254 nm. The dyestuff was completely
retained by the column and was therefore resolved from haloperidol and from 2-
naphthol, which was selected as an internal standard.

Tablets were prepared for analysis by grinding them to an even, fine powder.
An accurately weighed portion of sample powder, equivalent to 2.5 mg of haloper-
idol, was then vigorously shaken for 5 min in 50 ml of the mobile phase which con-
tained 0.05 mg/ml of 2-naphthol. The resulting solution was filtered prior to injec-
tion.

L UL

) 5 10
Time (minutes)

Fig. 1. Typical chromatogram from analysis of haloperidol tablets. Peaks: | = 2-naphthol; 2 = haloper-
idol,
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Inter-laboratory trial of the method

In order to assess the suitability of the method for official testing of haloperidol
tablets, an inter-laboratory trial was conducted, using thirteen participants. Each
laboratory analysed two samples, consisting of tablets from separate batches of a
commercially available 1.5-mg haloperidol formulation, by both the HPLC method
and the spectrophotometric procedure of the B.P. 1973. In order to permit a valid
comparison of the two methods, a sample formulation was selected which did not
contain a dyestuff, so that interference in the B.P. assay was avoided.

The trial protocol specified use of a column packed with octadecylsilane-coated
silica particles of mean diameter not more than 10 yum. Column dimensions of 25 cm
x 2 mm [.D. and a nominal flow-rate of 1.0 ml/min were suggested.

Each laboratory received portions of the same haloperidol reference substance,
which was checked for purity by HPLC before dispatch. Preliminary samples were
not sent to the participating laboratories but criteria for resolution and reproducibili-
ty were to be met before participants proceeded to the analysis of the samples. Labo-
ratories were asked to contact the National Biological Standards Laboratory if any
difficulties were encountered or if any modifications to the method were desired.

A solution consisting of 0.1 mg/ml of haloperidol and 0.05 mg/ml of 2-naph-
thol in water-glacial acetic acid was used as a calibration solution. Prior to analysis of
samples, six replicate injections of this solution were made and participating labora-
tories were asked to achieve a mean resolution factor of 3.0 with a coefficient of
variation of less than 2.0 %/. The coefficient of variation of the peak-height ratios from
the six chromatograms was also required to be less than 2.0 9,. A minimum height of
60 % of full scale deflection was required for each peak. Some laboratories could not
meet the requirement of not less than 3.0 for the resolution factor, R. However, it was
considered that in view of current pharmacopoeial practice an R value greater than
2.0 was acceptable and the laboratories concerned were requested to proceed with
analysis of the trial samples.

Laboratories analysed each sample once, using a mixture of powder from

TABLE I
DETAILS OF COLUMN PERFORMANCE

Laboratory Resolution factor (R) Coeff. of variation
No. of peak-height ratios
1 3.77 1.71
2 428 2.63
3 3.59 0,35
4 4.85 1.26
5 2.09 0.26
6 2.76 0.33
7 2.65 0.40
8 2.47 0.71
9 2.71 0.02
10 3.26 0.01
11 3.00 0.35
12 3.39 0.82
13 6.50 2.4
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TABLE I1
ASSAY RESULTS

Percent recovery by

Laboratory HPLC method B.P. method
No.
Sample A Sample B Sample A Sample B
1 95.6 94.5 99.7 97.8
2 101.4 101.5 98.1 99.2
3 100.3 100.4 100.6 100.1
4 106.8 104.1 98.6 98.5
5 100.9 99.2 100.7 97.6
6 98.4 100.6 101.6 101.3
7 98.4 97.3 96.9 96.5
8 96.0 93.2 102.6 102.1
9 96.4 96.7 101.0 100.1
10 100.6 98.0 102.0 102.7
11 100.6 98.7 97.1 96.0
12 102.2 100.5 103.1 100.5
13 102.2 102.1 100.0 101.1
Mean 100.0 99.1 100.1 99.5
Standard deviation 3.2 32 2.0 2.1

twenty tablets in each case, and including 2-naphthol as an internal standard in the
extracting solution of methanol-water—glacial acetic acid (80:20:2, v/v). Quantitation
was achieved by comparison of the peak-height ratio with the mean peak-height ratio
of the calibration solution.

RESULTS

Measurement of column performance

The values reported by the thirteen laboratories for the resolution factor (R)
and coeflicient of variation of peak-height ratio are shown in Table I. Laboratory 13
used a brand of column different from that used by all other laboratories and ob-
tained a large value for R in addition to a reversal of elution order. This operator
found that 2-naphthol was not practical as an internal standard and used an external-
standard procedure.

Evaluation of the methods

Data from the analysis of the samples by the HPLC method are shown in Table
II and Fig. 2. The mean results for content of haloperidol obtained for samples A and
B were 100.0%; and 99.2%, respectively. Laboratory 1 was the only participant to
report the presence of decomposition products, which may have been partly respon-
sible for the low assay values obtained by this operator. No attempt was made to
compensate for the presence of these decomposition products in the computation of
the haloperidol content.

Using the terminology of Youden and Steiner?® the total error, precision (re-
peatability) error and bias (reproducibility) error of a method can be measured by the
standard deviations Sp, Sy and Sy obtained from the expressions:
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Fig. 2. Two-sample chart for the HPLC procedure.

Sp = VE(T; — T*)2(n — 1)
Sz = /D, — DY 2(n — 1)
Sy = (5} — SB)2

Where T refers to the sum and D, to the difference of the results for content of
each sample for n estimates (» = 13 in the trial reported here).

MOy

105r
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100f

85F

1 X J
90 95 100 105 10
Sample B

Fig. 3. Two-sample chart for the method of the B.P. 1973,
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TABLE 111
COMPARISON OF THE HPLC METHOD WITH THE B.P. METHOD, RELATIVE BIAS

Laboratory HPLC method B.P. method D = HPLC — BP
No. A+ B A+ B
! 190.1 197.5 —7.4
2 202.9 197.4 5.5
3 200.7 200.7 -
4 210.9 197.1 13.8
5 200.1 198.3 1.8
6 199.0 202.9 -39
7 195.7 193.4 2.3
8 189.2 204.7 —15.5
9 193.1 201.1 -8.0
10 198.6 204.7 -6.1
11 199.3 193.1 6.2
12 202.6 203.6 -1.0
13 204.3 201.1 32
Mean 199.0 199.7 -0.7

Standard deviation 59 3.9 7.5

For the HPLC method, the total error standard deviation Sy, is 4.20, the
precision standard deviation, S, is 1.03 and the bias standard deviation, Sy, is 2.88. If
the results from Laboratory 1 are rejected, because of the partial sample decompo-
sition reported by that participant, the respective values for S;, S and Sy are 3.92,
1.08 and 2.66.

The data obtained using the spectrophotometric method of the B.P. 1973 are
shown in Table II and Fig. 3. The mean values obtained for samples A and B were
100.1 %, and 99.59,, respectively. The standard deviations Sj,, S and S were found
to be 2.76, 0.91 and 1.84. ‘

Comparison of the methods

A comparison of the results obtained from the two procedures is shown in
Table 111. From the “difference” column it is apparent that the two test methods gave
similar results, and use of a paired ¢ test showed that no significant difference exists
between the two methods with regard to the estimates of the mean contents of the two
samples (z,, = 0.30). On the basis of the F test, at the 95 % confidence level, there is
no significant difference between the methods with regard to precision standard devi-
ation (Sg), while bias standard deviation is significantly greater for the HPLC pro-
cedure. On the basis of these results, it is considered that the HPLC procedure is
adequate for official testing of haloperidol tablets, with suitably low imprecision and
bias, and with obvious selectivity advantages over the direct spectrophotometric
method.

DISCUSSION

The most important point raised by participating laboratories concerned the
difficulty in obtaining a suitable value for the resolution factor, R, and a range of
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mobile phase compositions was used to achieve the required resolution. The com-
position of the mobile phase used by participants (methanol-electrolyte—acetic acid)
ranged from 50:50:1 to 70:30:1. When the method is included in a standard, a range
of solvent proportions will be specified with minimum column performance criteria.
It is accepted that laboratories must be free to adjust mobile phase composition to
achieve satisfactory resolution but it would seem necessary to set limits to this adjust-
ment to avoid effectively different methods being used in a referee situation. A related
problem is the task of appropriately specifying the type of column to be used in an
official method. Possible approaches are to refer to commonly available commercial
brands or to describe the column packing more closely, to take account of different
methods of manufacture. This task is becoming increasingly difficult as the number of
reversed-phase packings is rapidly proliferating. Majors* has listed over 30 octadecyl-
silane-bonded packings, all of which differ in percentage of phase loading, pore size
and proportion of residual silanol groups.

Some laboratories neglected to use the electrolyte in the mobile phase as they
considered that the peak shape obtained with methanol-water—acetic acid was sym-
metrical. Non-compliance with the trial protocol is always a potential problem with
inter-laboratory trials, and also occurred in a previous study of an HPLC method
conducted by this laboratory®. In the work described here, satisfactory results were
obtained, but presumably over-all error in the HPLC method would have been less
had all laboratories followed instructions more closely. A few participants were con-
cerned that potassium chloride in the mobile phase could induce corrosion in the
stainless steel of pumps and columns. This potential problem can be overcome by
passifying the pump after use with 20-50 % nitric acid solution®. It was found at this
laboratory, after the trial, that sodium sulphate solutions, which do not produce
significant corrosion of stainless steel, are as effective as potassium chloride solutions
in ensuring linearity of response, and the method will be modified accordingly when
used for official testing.

One laboratory commented that the peak-height ratios from the calibration
solution varied less than the ratios of the electronically integrated areas, the coef-
ficients of variation being 2.59/ for the area ratios and 0.26 9/ for the peak-height
ratios. Scott and Reese’ have pointed to the greater reliability of peak-height com-
pared with peak-area measurement, and adoption of peak heights in a referee method
also enables laboratories which do not have suitable integrators to carry out the
official procedure.

The results of the inter-laboratory trial have shown that the HPLC method for
haloperidol tablets compares favourably with the direct spectrophotometric proce-
dure of the B.P. 1973 with regard to precision, but has greater systematic error. It may
be possible to reduce the systematic error of the HPLC method by more closely
specifying the procedure with regard to assurance of linear response of detector
output and accurate temperature control of the column. Conditions of storage of the
mobile phase might also be specified to ensure that evaporation of the volatile com-
ponents does not occur. The HPLC method is, however, considered to be acceptable
for the testing of haloperidol tablets and is preferred to the spectrophotometric pro-
cedure for single-tablet analysis of low-dose (0.5 mg) formulations and for the assay
of higher dose formulations containing dyestuffs.

During the course of the trial described in this paper, the method of the British
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Pharmacopoeia for haloperidol tablets was modified to overcome the interference
problems referred to above. The relevant monograph of the B.P. 1980 (see ref. 8)
includes a spectrophotometric assay in which the powdered haloperidol tablets are
successively triturated with portions of diethyl ether, which are then combined, and
the drug substance is partitioned into dilute sulphuric acid. This relatively slow pro-
cedure successfully overcomes any interference from colouring materials, but in our
hands gave low recoveries of drug substance and had lower precision than either the
HPLC procedure or the method of the B.P. 1973. Analysis of sample B from the trial
by this laboratory using the methed of the B.P. 1980 gave a mean content of 94.8 %/
with a standard deviation of 1.7. (n = 5) This compares with the inter-laboratory
results for the B.P. 1973 method of a mean content of 99.59, with a precision stan-
dard deviation of 0.9, while the corresponding data for the HPLC method are 99.1%
and 1.08. The HPLC method is considered to be a realistic alternative to pharma-
copoeial methods in terms of speed, bias, precision and selectivity, and to be suitable
for official testing purposes.
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SUMMARY

Separation and determination of products formed by sulphonation of alkyl-
phenols were accomplished by reversed-phase ion-pair liquid chromatography and
UV detection. The chromatographic system consisted of aqueous eluents with metha-
nol as organic modifier, tetraethylammonium as ion-pairing agent and LiChrosorb
RP-8 as stationary phase. The presence of less than 0.1 9 of a compound could be
determined with acceptable precision and accuracy.

A comparison was made between various chromatographic systems containing
methanol or acetonitrile as organic modifiers and tetraethyl-, tetrapropyl- or tetrabu-
tylammonium as ion-pairing agents. Separation factors were determined between
compounds differing in the nature and positions of alkyl and polar substituents.

INTRODUCTION

The mechanism of sulphonation of phenolic compounds has been studied ex-
tensively!™, but a major problem has been the separation of the different reaction
products prior to determination. Spectrophotometry', bromodesulphonation® and
paper chromatography® have been used along with gas-liquid chromatography’™.
The latter method could not be applied for the determination of more highly sul-
phonated products, e.g., disulphonic acids, and also comprised a derivatization step
thereby introducing the possibility for changes in the proportions between the dif-
ferent compounds in the reaction mixture and thereby jeopardizing the elucidation of
the true reaction mechanism. However, during the last five years, high-performance
liquid chromatography (HPLC) has been successfully applied for separation of sul-
phates and sulphonates using ion-exchange'®, ion-pair normal-phase!'~'* and above
all reversed-phase ion-pair modes'*72%,

The aim of this study was to develop LC systems for the separation and de-
termination of the components of reaction mixtures resulting from the sulphonation
of different alkylphenols, viz., 2-methyl-, 3-methyl-, 2-isopropyl-, 2-cyclohexyl- and 2-
teri.-butylphenol, in order to elucidate the kinetics and reaction mechanism of the
sulphonation®. The reaction products were mono- and disulphonic acids and phenyl

0021-9673/82/0000-0000/$02.75 © 1982 Elsevier Scientific Publishing Company
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hydrogen sulphates, the structures of which could be postulated from their retention
behaviour.

EXPERIMENTAL

Chemicals and reagents ]

Methanol (p.a.; E. Merck, Darmstadt, G.F.R.) and acetonitrile (HPLC grade;
Rathburn Chemicals, Walkerburn, Great Britain) were used without further purifi-
cation. Tetraethylammonium (TEA), tetrapropylammonium (TPrA) and tetrabutyl-
ammonium (TBA) hydrogensulphate were obtained from the Department of Organic
Chemistry, AB Héssle. Aqueous solutions of the ammonium compounds were neut-
ralized to pH 7-10 with sodium hydroxide before use. All reagent and buffer solutions
were prepared from analytical grade chemicals. All reference substances (Table I)
were synthesized*=® by Dr. Gert Strandlund, AB Hiéssle, and the purity checked by
NMR and LC.

Liguid chromatographic system

The liquid chromatograph consisted of an LDC 711-47 LC-pump, an LDC
SpectroMonitor III spectrophotometer and a Rheodyne sampling valve with a
sample loop of 20 ul. Chromatographic columns (150 x 4.5 mm) were packed with
LiChrosorb RP-8, 5 um (E. Merck), and operated at 1.0 ml/min. The performance of
the columns was maintained over a long period if the top of the columns was ex-
changed every day. The eluents contained sodium phosphate buffer of pH 6.5. The
total ionic strength was 0.20 which included added quaternary ammonium sodium
sulphate (Table II). The retention time of an unretained solute, ¢,, was determined by
injection of dichromate dissolved in the eluent without any alkylammonium present.

Analysis of reaction mixtures

Reaction mixtures from various sulphonations of monoalkylphenols®™ were
diluted 10-100 times in the mobile phase. The diluted samples (20 ul) were injected
onto the chromatographic column. The eluate was monitored by a UV-detector oper-
ated at 212 nm. Quantitations were based on peak height measurements and moni-
tored reference samples. The minimum determinable concentration of a compound
was less than 0.1 9] of the total sulphonate content.

RESULTS AND DISCUSSION

Retention principles _

The retention of ionic solutes on a non-polar solid phase can be regulated by
the kind and concentration of ionic or neutral modifier and ion-pairing agent (coun-
ter ion) present in the aqueous eluent. Ionic and neutral species will compete with the
solute for the adsorption capacity of the solid phase. Methanol or acetonitrile was
used as neutral modifier and different alkylammonium ions (Q™) were tested as ion-
pairing agents. The anionic solutes (sulphonates and sulphates) were either mono- or
divalent anions (X, Y27).

In a chromatographic system, the distribution process of a solute to an adsorb-
ing surface can be illustrated by

Qf + X, + A, = QXA,
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TABLE I

COMPOUNDS STUDIED AND THEIR CAPACITY FACTORS WITH 309 METHANOL IN

PHOSPHATE BUFFER pH 6.5. AS THE ELUENT

Compound No.

Designation (R in R—Ph)

2-Methylphenol series

3-Methylphenol series

2-Isopropylphenol series
15
16
17
18

1-S0,H-2-OH-3-CH,
1-SO,H-3-OH-4-CH,
1-S0,H-3-CH,-4-OH
1,3-di-SO,H-4-OH-5-CH,
1-0SO,H-2-CH,
1-80,H-3-CH,-4-0SO,H
1-OH-2-CH,

1-SO,H-2-OH-4-CH,
1-SO,H-2-OH-6-CH,
1-SO,H-2-CH,-4-OH
1,3-di-SO,H-4-OH-6-CH,
1-0SO,H-3-CH,
1-80,H-2-CH,-4-OSO,H
1-OH-3-CH,

1-0S0,H-2-CH(CH,),

1-S0,H-2-OH-3-CH(CH,),
1-SO,H-3-CH(CH,),-4-OH
1-80,H-2-OH-5-CH(CH,),

2-Cyclohexylphenol series

19
20
21
22
23

1-OSO,H-2-cyclohexyl
1-SO;H-2-OH-3-cyclohexyl
1-SO,H-3-cyclohexyl-4-OH
1-SO4H-3-cyclohexyl-4-OSO;H
1,3-di-SO,H-4-OH-5-cyclohexyl

2-tert.-Butylphenol series

24
25
26
20
28
29
30
31
32
33
34
35
36
3
38
39
40

1-0S0,H-2-C(CHs)s
1-80,H-2-OH-3-C(CH,),
1-80,H-3-C(CH,),-4-OH
1-80,H-3-C(CH,),-4-0SO,H
1,3-di-SO;H-4-OH-5-C(CH,),
1-080,H-2,4-di-C(CHy),
1-80,H-2-OH-3,5-di-C(CH,),
1-0S0,H-4-C(CH,),
1-80,H-2-OH-5-C(CH,),
1-80,H-2-0S0,H-5-C(CHy),
1-OH-2-C(CH.,),
1-OH-4-C(CHj),

1-0SO,H

1-80,H-2-OH

1-80,H-4-OH
1,3-SO,H-4-OH

1-OH

0.50
—0.01
—0.43
—0.55

0.43
—0.94

1.05

0.26
0.36
~0.57
—0.45
0.48

<-1

1.03

1.14
L3P
0.27
1.02

>2

>2
I.12
0.30
1.01

1.45
1.80
0.84
—-0.19
0.68
=2
B
1.55
1.26
0.62
1.70
1.90
0.08
—0.11
—-0.77
<—1
0.66

45

where the subscripts m and s refer to the eluent and solid phase respectively and A is
the number of available adsorption sites in moles per gram of solid phase. The

equilibrium constant for the process is given by:

[QXAL/Q " In[X Tm[AL = Kox

()



46 P.-O. LAGERSTROM

TABLE II
CHROMATOGRAPHIC SYSTEMS

Stationary phase: LiChrosorb RP-8, 5 um, 150 x 4.5 mm. Eluents: phosphate buffer solutions pH 6.5 with
listed modifiers and ion-pair reagents. The total ionic strength is 0.20 in all cases. Flow-rate: 1 ml/min.
Detector wavelength: 212 nm.

Eluent No. Organic solvent Quaternary ammonium ion

1 Methanol 10% -

2 20% &

3 30% s

4 35% —

5 58% —

6 109 Tetraethylammonium 0.01 mol/l

7 10% 0.03 mol/l

8 10% 0.05 mol/l

9 35% 0.01 mol/1
10 55% 0.01 mol/l
11 10% Tetrapropylammonium 0.01 mol/1
12 30% 0.01 mol/!
13 109% Tetrabutylammonium 0.01 mol/1
14 Acetonitrile 109 =

15 20% -

16 10% Tetrapropylammonium 0.01 mol/l
17 20% 0.01 mol/l

Anions from the buffer are similarly distributed to the solid phase as ion pairs which
compete with QX for the available adsorption sites. The buffer and solute anions can
also be adsorbed as the NaX ion pair (Na™ is the buffer cation).

The capacity ratio of the sulphonates and sulphates retained as ion pairs is
defined as:

kx = q ([QXA] + [NaXAL)/[X" ] (2

This expression is valid provided that [HX],, can be disregarded, as is the case at pH
6.5. (¢ = WV, is the ratio of solid phase to eluent in the column.)

Regulation of retention

Reversed-phase LC using aqueous eluents was preferred since the sample from
the reaction mixtures could be injected directly on to the chromatographic column.
Various chromatographic systems were used with LiChrosorb RP-8 as the column
packing and eluents containing different quaternary ammonium ions such as tetraeth-
yl-, tetrapropyl- and tetrabutylammonium as ion-pairing agents (Table IT). Metha-
nol or acetonitrile as organic modifier in sodium phosphate buffer solutions of pH 6.5
constituted the eluent. By varying the type and concentration of the ion-pairing agent
(counter jon, Q) the retention could be adapted to the separation problem. One
example 1s shown in Fig. I, where the change in log &', 4 log &/, is plotted for mobile
phases containing an increasing concentration of TEA, 0.01, 0.03 and 0.05 mol/l, or
0.01 mol/l of TPrA or TBA. Three groups of compounds can be distinguished,
phenols (compound 7), monovalent sulphonates or sulphates (1-3,5) and divalent
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Alog k'
1.5{ 4
6 2
3
1.0]
5
1
0.5]
7
94
Eluent no
i 6 7 8 noo1n
TEA TPrA  TBA

0 001 003 005 0.0t 0.01 mol/

Fig. 1. Influence of quaternary ammonium ions in the eluent on log k' of some substituted 2-meth-

ylphenols. 4 log & = 10g K} yueen — 108 Klpyent 1+ Eluents 1, 6, 7, 8, 11 and 13 refer to Table II and
compounds 1-7 to Table 1.

anions (4,6). The divalent anions are more strongly influenced than the monovalent
ones, while the phenol is only slightly affected. The effect of TEA (0.01 mol/l) is
limited, resulting in an increase of log k" by about 0.1 (monovalent) and 0.2 log units
(divalent anion) as compared with 0.7 and 1.4 for TPrA and 1.2 and 2.1 for TBA
(Table III). The increase in log k', calculated per additional methylene group in the
counter ion, is as low as 0.13-0.15, going from TEA to TBA. By increasing the
content of methanol from 109, to 30 %, 4 log k" between TPrA and TEA decreased
from 0.69 to 0.22 for monovalent anions and from 1.40 to 0.47 for divalent ones. A
decrease of the same magnitude was seen in acetonitrile, where a 109/ increase in
content lowered 4 log k" from 0.55 to 0.40 (monovalent) and from 1.17 to 0.75
(divalent). Accordingly, a high selectivity is favoured by a low content of organic
modifier.

TABLE III

INCREASE IN LOG &’ (4 log k) FOR MONOVALENT AND DIVALENT SULPHONIC ACIDS,
OBTAINED WITH ELUENTS CONTAINING A QUATERNARY AMMONIUM ION (0.01 mol/l)

Eluent No. Quaternary ammonium ion A log k'

and organic solvent
Monovalent acids Divalent acids

6 and | Tetraethylammonium 0.08 + 0.02 (n = 15) 0.20 £ 0.05(n = 9)
10% Methanol

11 and 1 Tetrapropylammonium 0.69 + 0.09 (n = 12) 1.40 + 0.22 (n = 6)
109 Methanol

13 and | Tetrabutylammonium 1.22 + 0.04 (n = 4) 2.06 n=1
109, Methanol

16 and 14 Tetrapropylammonium 0.55 + 0.07(n = 12) 117 £ 0.02(n = 5)
109, Acetonitrile

12 and 13 Tetrapropylammonium 0.22 + 0.04 (n = 21) 0.47 + 0.06 (n = 8)
309 Methanol

17 and 15 Tetrapropylammonium 0.40 + 0.06 (n = 20) 0.75 + 0.05(n = 6)

209, Acetonitrile
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log k'
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i & 7 8 n 13 o 10 ' 20 ‘ 30 min
Fig. 2. Separation of some substituted 2-methylphenols using different quaternary ammonium ions in the
eluent. Experimental conditions as in Fig. 1.

Fig. 3. Separation of substituted 2-methylphenols. Experimental conditions: eluent 6 (10 %, methanol 4
0.01 mol/l TEA). Compounds 1-6 refer to Table I.

Plotting log &” of compounds 1-7 (Fig. 2) for the same cluents as in Fig. 1
shows that eluent 6 along with eluents 7 and 8 could be chosen for the separation (Fig.
3). Increasing the concentration of TEA (0.05 mol/l) or using TPrA or TBA (0.01
mol/l) would result in lower resolution.

Methanol was chosen as organic modifier in this study, its effect on the reten-
tion being compared with that of acetonitrile (Table IV). Log « (log k%, — log k7 ) was
determined for compounds 1-7 in four eluents containing 10 % of methanol or aceto-
nitrile (eluents 1 and 14), 30 % methanol or 20 %, acetonitrile (eluents 12 and 17, both
of which also contained 0.01 mol/l TPrA). Comparing eluents 1 and 14 showed no
difference in selectivity (log «) and the chromatographic performance was similar.
Turning to eluents 12 and 17 (including TPrA) some pairs of compounds seemed to
be better separated using methanol (e.g., compounds 1 and 5, 2 and 4, 3 and 6).

Substituent effects

Owing to the large number of eluents and compounds studied it was possible to
elucidate the effect of different substituents. Table V shows the difference in log k& (log
o) between unsubstituted phenols and substituted ones. The sulphonate group made
the phenol more hydrophilic, the effect being more pronounced the larger the distance
between the groups. In ortho-position (1,2), hydrogen-bonding has a strong influence,
in para-position (1,4) the polar groups are completely separated, while in meta-po-
sition (1,3) a weak hydrogen-bonding seemed to occur. Phenols with two sulphonate
groups (ortho and para) do not differ in log « compared with (he monosulphonate
(para), the extra ortho-sulphonate thus not contributing to the polar character.

Table VI shows the separation factor (log «) for substituted 2-alkylphenols
only differing in the size of the alkyl substituent. Four different eluents were ex-
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TABLE IV

SEPARATION FACTORS (log ) OBTAINED IN THE SEPARATION OF SUBSTITUTED 2-METHYL-
PHENOLS USING EITHER METHANOL OR ACETONITRILE AS THE ORGANIC MODIFIER

Compound Eluent No.

No. _ R . e
1 (10%, CH,0H) 14(10%, CH;CN) 12 (30%, CH,OH )* 17(20%, CH,CN)*
log k' log o log k' log o log k' log o log k log o
7 1.62 1.49 1.04 1.06
0.44 0.56 0.3t 0.35
1 .18 0.93 0.73 0.71
0.08 0.04 0.07 0.01
5 1.10 0.89 0.66 0.70
0.52 0.60 0.50 0.60
2 0.58 0.29 0.16 0.10
0.57 0.52 0.26 0.00
4 0.00%* -0.23 -0.10 0.10
0.01 0.00 0.19 0.11
3 0.01** -0.23 —-0.29 —0.21
0.53 0.53 0.25 0.02
6 —0.53 —0.76 —0.54 -0.23

* (.01 mol/l TPrA as counter ion.
** Retention order is reversed.

amined, 1 and 3 with 10 and 30 % methanol, 15 with 209, acetonitrile and 17 the
corresponding eluent with 0.01 mol/l TPrA. Three different groups of compounds
were studied, one with the sulphonate group ortho to the phenol, one with the sul-
phonate para to the phenol and one with a sulphate ester group replacing the phenol.
The results were similar for the last two groups, i.e., the increase in log k&’ calculated
per carbon atom in the alkyl substituent (= log « per carbon) was about 0.25-0.45,
the larger figure being obtained with the eluent with a low content of organic mod-
ifier. The first group, with the sulphonate group ortho to the phenol, gave values of

TABLE V

SUBSTITUENT EFFECT: SEPARATION FACTORS (log o) BETWEEN NON-SULPHONATED
AND SULPHONATED ALKYLPHENOLS

log o = 10g Kjuyiphenar — 108 Kiupsuiturea- Eluents 1 and 3, 10 and 30 )7 methanol. Eluents 14 and 15: 10 and
20 %, acetonitrile.

Substituent log « n
1 3 14 15

1-80,-2-OH 0.60 0.61 0.78 0.82 S
1-SO,;H-3-OH 1.04 1.06 1.20 1.34 i
1-SO,;H-4-OH 1.60 1.45 1.65 1.70 4
1-OSO;H 0.52 0.55 0.50 0.76 4
1-SO;H-4-OSO;H 2.01 2.04 2.06 2.43 2

3

1,3-di-SO,H-4-OH 1.51 1.48 1.61 1.83



50 P.-O. LAGERSTROM

TABLE V1

SEPARATION FACTORS (log ) PER CARBON IN THE SUBSTITUENT FOR SUBSTITUTED
ALKYLPHENOLS

Eluents: 1 (102 CH,OH); 3 (309 CH,OH); 15 (20% CH,CN) and 17 (20%, CH,CN, 0.01 mol/l TPrA).

Compound R log o per carbon in eluent
No.

1 3 15 17

Substituents: 1-SO3H-2-OH-3-R

37 H

1 CH, 0.80 0.61 0.49 - 048
16 CH(CH,;), — 0.48 0.42 0.58
25 C(CH,3), - 0.48 0.43 0.55
20 Cyclohexyl - £ 0.34 e,
Substituents: 1-SO3H-3-R-4-OH
38 H

3 CH, 0.48 0.34 - 0.21
17 CH(CH3;), 0.46 0.35 0.28 0.25
26 C(CH,), 0.51 0.40 0.33 0.31
21 Cyclohexyl 0.41 0.32 0.27 0.25
Substituents: 1-OSO,H-2-R
36 H

5 CH, 0.44 0.35 0.35 0.23
15 CH(CH;), - 0.35 0.33 0.29
24 C(CH;); - 0.34 0.32 0.29
19 Cyclohexyl — - 0.31 -
TABLE VII

THE INFLUENCE ON log # FROM ALKYL SUBSTITUTION IN DIFFERENT POSITIONS

Experimental conditions: see Table II. log o = log k7 — log k5.

Substance No. Substituents log o in eluent
. i 14
7 1-OH-2-CH,
" Pt 0.01 0.03
I 1-S0,H-2-OH-3-CH,
9 1-S0,H-2-OH-6-CH, 0.14 0.14
3 1-SO,H-3-CH,-4-OH
10 1-S0,H-2-CH,-4-OH B2l e
log o in eluent
10 15
34 1-OH-2-C(CH,),
35 1-OH-4-C(CH,), 019 012
25 1-S0,H-2-OH-3-C(CHy), 031 os!
32 1-SO,H-2-OH-5-C(CH,), : :
2% 1-080,H-2-C(CH,), 006 ols

31 1-0S0,H-4-C(CH,),
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log « per carbon of around 0.4-0.6. An explanation for this might be that the phenol
function is directed away from the alkyl substituent towards the hydrogen-bonding
sulphonate. Going vertically down the groups it can be concluded that the cyclohexyl
substituent gives somewhat lower values of log « per carbon than the other sub-
stituents. The addition of a counter ion, TPrA, to the mobile phase had no effect on
the separation factor.

Table VII shows the difference in separation factor (log «) for the compounds
containing alkyl substituents in different positions with respect to the phenol group,
viz. ortho, meta and para. No difference in log k" was obtained for the 2- and 3-
methylphenols. A sulphonate group ortho or meta to the methyl group made a signifi-
cant difference since the compounds with the methyl group meta to the sulphonate
were more lipophilic than the ortho-methyl sulphonate. The methyl group is so small
that the larger sulphonate group shields it from the interaction with the stationary
phase. A corresponding behaviour was seen with the last three pairs of compounds in
Table VII, where in two cases a bulky fert.-butyl group shields the smaller phenol
group, thus giving the ortho-tert.-butyl compounds a more lipophilic character than
the para analogues. The situation was slightly more complicated with a rerz.-butyl
and a sulphate ester ortho and para to each other (nos. 24 and 31).

Applications
The sulphonation of phenols can result in rather complex reactions as illus-

0S0,H SOH

O i
H 0SOH 5L 33 &
S L

e
38 so 36 o H
N\ ! com
35 ~—%

R \ H 0SO,H SO, H
0SsOH 0SO.H

24
29 R 27 som

Fig. 4. Proposed reaction scheme for sulphonation of 2-zerz.-butylphenol with chlorosulphonic acid (taken
from ref. 5).
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40
28
32
38 37] 36| 27 40 -
2
27
24
3sl ]36 A
|-
o 10 ' 20 min 0 10 ’ 20 min 30

Fig. 5. Separation of substituted phenols and 2-terz.-butylphenols. Experimental conditions: eluent 6.
Compounds as in Table 1.

Fig. 6. Separation of substituted phenols and 2-fert.-butylphenols. Experimental conditions: eluent 9
(359 methanol + 0.01 mol/l TEA). Compounds as in Table 1. :

7|,
4 26J 30
% 29

31 125 35 34

«—

(A

0 6 12 18 24 30 36 min 42

Fig. 7. Separation of substituted phenols and 2-tert.-butylphenols. Experimental conditions: eluent 10
(55%, methanol + 0.01 mol/l TEA). Compounds as in Table I.
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Fig. 8. Sulphonation of 2-tert.-butylphenol with chlorosulphonic acid, monitored by liquid chromatogra-
phy using eluents 6, 9 and 10. Data taken from ref. 5.

Fig. 9. Separation of substituted 3-methylphenols. Experimental conditions: eluent 6. Compounds as in
Table I.

trated in Fig. 4 for a proposed reaction scheme for the sulphonation of tert.-
butylphenol with chlorosulphonic acid. At least thirteen different sulphonic acids or
sulphates were obtained. By applying ion-pair liquid chromatography it was possible
to separate all of these compounds. Since the capacity factors of the different prod-
ucts varied by almost three orders of magnitude and no gradient elution was

23 19

20

22|21

o O

0 ' 10 ' 20 0 0 5 0 min

Fig. 10. Separation of substituted 2-isopropylphenols. Experimental conditions: eluent 9. Compounds as
in Table I.

Fig. 11. Separation of substituted 2-cyclohexylphenols. Experimental conditions: eluent 10. Compounds
as in Table 1.
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available, it was necessary to use three different mobile phases, all containing 0.01
mol/l TEA. For the more polar compounds (27, 36-38), 109, methanol was used
(eluent 6, Fig. 5), for the medium polar compounds (26, 28, 33, 40), 35 %, methanol
(eluent 9, Fig. 6) and for the most lipophilic products (24, 25, 29-32, 34, 35), 55%
methanol (eluent 10, Fig. 7). The results (¢f., ref. 5) from the liquid chromatographic
measurements are shown in Fig. 8. It can be seen that sulphates are formed as
intermediates since their concentrations decreased with time (compounds 24, 27, 31
and 36).

Examples are also given on the separation of 3-methylphenols (Fig. 9; cf., ref.
3), 2-isopropylphenols (Fig. 10; ¢f., ref. 4) and 2- cyclohexylphenols (Fig. 11; ¢f., ref.
4). In all cases methanol was used as the organic modifier (10, 35 and 55 9/ respective-
ly) and TEA as the counter ion (0.01 mol/l). As is seen in the figures, excellent
separations were obtained in all cases.
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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY OF INORGANIC
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SUMMARY

Fe3* was examined as a detection reagent in the analysis of inorganic anions
by high-performance liquid chromatography. The chromatographic conditions were:
the stainless-steel tube was packed with TSK-GEL IEX-520 QAE; 0.05 M sodium
acetate buffer (pH 5.48) containing 0.05 M sodium nitrate was used as eluent; and 0.8
M perchloric acid containing 0.05 M iron(III) perchiorate was chosen as a complex-
forming reagent. Under these conditions, chloride, sulphate and thiocyanate ion were
determined in the range 2-500 nmol, and phosphate, nitrite and thiosulfate ion in the
range §-500 nmol.

INTRODUCTION

A few methods for the simultaneous determination of inorganic anions by
high-performance liquid chromatography (HPLC) have been reported'™. Conduc-
tometry is generally used to detect the most ionic species by the method known as ion
chromatography (IC)°. One of the disadvantages of this method is the lack of selec-
tivity in the analysis of biological samples. UV detectors also lack selectivity, and
cannot detect some major anions, such as chloride, phosphate and sulphate ions,
because they have no absorption in UV region.

Recently, we reported the determination of free and bound sulphate’” and
thiocyanate® in human urine or serum by HPLC. The principle of this method was
based on the formation of sulphate or thiocyanate complexes with Fe** (refs. 9 and
10), which was used as eluent and colour-developing reagent. It was also known that
Fe3* forms coloured complexes with chloride, phosphate and sulphate ions!®:!!,

In this paper, we report the utility of Fe** as a detection reagent for the
analysis of inorganic anions by HPLC, using a post-column derivatization method.

EXPERIMENTAL
Reagents
All chemicals used were of analytical grade. Water was redistilled after passage

through anion-exchange resin.

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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Fig. 1. Flow diagram of the chromatographic system.

Complex-forming reagent
Perchloric acid (0.8 M) containing 0.05 M iron(IIT) perchlorate was used.

Eluent
Sodium acetate buffer (0.05 M, pH 5.48) containing 0.05 M sodium nitrate was
used.

Instruments

Pumps (Model PSU-2.5), a variable injection valve (Model VMD-350), pres-
sure gauges (Model GN-100), a water-jacketed stainless-steel tube and a UV detector
(Model D-340C) were obtained from Seishin Pharmaceutical (Tokyo, Japan). A re-
corder (Model ss-250F) was obtained from Sekonic (Tokyo, Japan). A water bath
with a thermoregulator (Model BT-25) was obtained from Yamato Scientific (Tokyo,
Japan). UV spectra were measured by a Hitachi 340 automatic recording spectropho-
tometer.

HPLC apparatus

Fig. 1 is a flow diagram of the chromatographic system. A stainless-steel tube
(150 mm x 4 mm I.D.) was slurry-packed with TSK-GEL IEX-520 QAE (silica type
pellicular anion exchanger). Pump 1 was used to deliver an cluent at a flow-rate of 0.8
ml/min. The temperature of column and reaction coil was kept at 25°C. The complex-
forming reagent was delivered by pump 2 at a flow-rate of 0.4 ml/min. The reagent
from pump 2 was mixed with the effluent. The mixed solution was delivered to the
reaction coil, and was then monitored with the UV detector at 340 nm. PTFE reac-
tion coil was 2 m x 0.25 mm I.D.
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TABLE 1
COMPLEX FORMATION OF INORGANIC ANIONS WITH Fe**

Reactions were carried out in 0.8 M HCIO, containing 0.05 M Fe(ClO,);. UV spectra were measured
within 5 min using a reagent blank as a reference. Detection limits were obtained by the system without a
column illustrated in Fig. 1. Distilled water was used as a carrier solution from pump | keeping the flow-
rate at 0.2 ml/min.

Anion Lmax Detection Anion R Detection
(nm) limit (nmol) (nm) limit (nmol)
CrO%~ 305, 344 0.4 S0%- 308 12.7
SCN~ 310 1.3 PO}~ - 24.8
Fe(CN)¢~ 305 1.6 H,PO; = 28.8
Fe(CN)2~ 305 1.9 105 - 73.7
SO;~ 306 2.8. CO0%~ - 141.3
Cl- 335 4.8 Br~ - 144.3
P,05~ 310 52 B,02 - 206.4
1= 306, 350 5.6 BrOj - 931.7
P05 310 6.4 CN-~ - 392.2
82 — 7.1 Si03~ - 285.7
S,03 308 8.1 NOy - -
NO; 372, 360 10.8 F~ - —
POG~ 310 11.8 ClOy - -

RESULTS AND DISCUSSION

Complex formation between inorganic anions and Fe™*

Iron(III) perchlorate was used as a complex-forming reagent for each anion,
and perchloric acid was chosen as a reaction medium, because of its lower complexing
ability which would minimize ligand exchange during the analysis'?. Iron(IIl) per-
chlorate and perchloric acid concentrations were determined according to the con-
ditions of sulphate ion analyses by Nakae et al.''. Tested inorganic anions formed
iron(I1T) complexes exhibiting an absorption at ¢a. 300 nm, except for nitrate, fluoride
and chlorate ions. Twenty-six inorganic anions were examined, and their detection
limits were measured (Table I).

Since considerable absorption by the reagent blank was observed at 300 nm?,
the monitoring wavelength for these anions was set at 340 nm, where 60-70 %, of the
maximum absorbance was obtained. Fourteen inorganic anions from chromium(VI)
oxide to sulphite ion shown in Table I exhibited strong absorption at 340 nm; the
detection limits for these were 0.4—-12 nmol by a peak height method, and for other
inorganic anions were 73-930 nmol. These results suggest that Fe** is very useful as
a reagent for the detection of certain anions such as phosphate, sulphate, chloride,
nitrite, thiosulphate, iron(IIl) cyanide and iron(II) cyanide ions, which might be
present in biological fluids, foods or environmental pollutants.

Separation of inorganic anions by HPLC

The separation of nine inorganic anions (thiocyanate, iron(IIl) cyanide,
iron(II) cyanide, sulphate, chloride, iodide, thiosulphate, nitrite and phosphate) was
examined using the chromatographic system illustrated in Fig. 1. Perchloric acid (0.8
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M) containing 0.05 M iron(III) perchlorate was used as a complex-forming reagent.
Sodium nitrate solution or sodium acetate buffer containing sodium nitrate, which ex-
hibited little absorption at 340 nm, was chosen as eluent. The effect of sodium nitrate
concentrations on the retention time and the separation of inorganic anions on a
column of the pellicular anion exchanger, TSK-GEL IEX-520 QAE, were examined.
Seven anions (thiocyanate, sulphate, chloride, iodide, thiosulphate, nitrite and phos-
phate) were not separated completely with 0.1 M sodium nitrate; however, these
anions were separated completely within 30 min when the flow-rate was changed
from 0.8 to 0.32 ml/min (Fig. 2).

Iron(T1T) cyanide and iron(TT) cyanide ion were not eluted with sodium nitrate
in the concentration range 0.1-0.3 M within 60 min because they were strongly
absorbed on the resin. In order to keep the pH constant, sodium acetate buffer
containing sodium nitrate was examined. When 0.05 M acetate buffer (pH 5.48)
containing 0.05 M sodium nitrate was employed as eluent, complete separation of
these anions was obtained within 20 min (Fig. 3).

Complex-forming conditions
The effect of different concentrations of perchloric acid and iron(IIT) per-
chlorate on complex formation was examined. The eluent and its flow-rate were kept

6

2
6
2
4
7 . 7
1
¥ 5 3
.ﬂ 4 o
o H
=
3 5
\l/ 1 5
d 1 1 i 1 1 1 1 1 1 1 { 1 1
0 4 8 12 16 20 24 28 32 0 4 8 12 16
Retention time ( min ) Retention time ( min )

Fig. 2. Chromatogram of a standard mixture of inorganic anions. Eluent, 0.1 A NaNO,; flow-rate, 0.32
ml/min; other conditions are described in the text. Peaks: 1 = PO} ™;2 = Cl7;3 = NO;;4=9S02":;5=
S,037;6 =T1";7 =8SCN".

Fig. 3. Chromatogram of a standard mixture of inorganic anions. Eluent, 0.05 M acetate buffer (pH 5.48)

containing 0.05 M NaNOj;; flow-rate, 0.8 ml/min; other conditions are described in the text. Peaks: 1 =
PO} 7;2=Cl";3=N0O;;4=S02";5=5,0{";6=1";7 =SCN".
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Fig. 4. Effect of concentration of HClO, on complex formation of inorganic anions in HPLC, using 0.05 M
Fe(ClO,),. Curves: O = SO2™; @ = CI7; 0 = SCN™; @l = NO;; A = PO}™; A = 5,05".

constant at 0.05 M acetate buffer (pH 5.48) containing 0.05 M sodium nitrate and 0.8
ml/min, respectively. The flow-rate of the complex-forming reagent was kept constant
at 0.4 ml/min. The effects of various concentrations of perchloric acid and iron(IIT)
perchlorate on the response for inorganic anions are shown in Figs. 4 and 5.

The response for the six anions increased with decreasing concentration of
perchloric acid (Fig. 4), but the response for the reagent blank also increased. On the
other hand, the response for these anions increased with increasing concentration of
iron(IlI) perchlorate (Fig. 5).

Considering the background absorption, 0.8 M perchloric acid and 0.05 M
iron(I11) perchlorate were used in this system.

Under the chromatographic conditions and using the post-column method, it
seemed that the iron(III) complexes of these anions (chloride, sulphate, thiocyanate,
phosphate, nitrite and thiosulphate) were stable during the time passing the flow cell,
because these absorbances were unchanged for 5 min. On the other hand, the absor-
bance of iodide ion increased, because of oxidation by Fe®*.

Chloride, sulphate and thiocyanate ion were determined in the range 2-500
nmol, and phosphate, nitrite and thiosulphate ion in the range 8-500 nmol.

The precisions (coefficients of variation, n = 7) were 1.1, 0.8, 5.1, 3.8, 1.6 and
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Fig. 5. Effect of concentration of Fe(ClO,); on complex formation of inorganic anions in HPLC, using 0.8
M HCIO,. Curves: O = SO2™; @ = CI"; [ = SCN™; B = NO;; A = PO} ; A = S,0}".

1.2% for 50 nmol chloride, 25 nmol sulphate, 25 nmol thiocyanate, 100 nmol phos-
phate, 100 nmol nitrite and 100 nmol thiosulphate, respectively.

APPLICATION

Fig. 6 illustrates a chromatogram for the analysis of waste water. High levels of
chloride and sulphate ions were detected in this sample.

A chromatogram for the analysis of human urine is shown in Fig. 7. The
second, third and fourth peaks were attributable to phosphate, chloride and sulphate
ion, respectively, and the trace amount of thiocyanate ion (1.4 nmol) was determined
with only 10 ul urine sample.

CONCLUSION

Fe** was used as a detection reagent for the analysis of inorganic anions by
HPLC. This method could determine major anions such as chloride, phosphate and
sulphate, which have no absorption in UV region, and was selective in the analysis of
biological samples. Thus it may be suggested that this method is useful for the simul-
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Fig. 6. Chromatogram of waste water. Sample size, 10 ul. Peaks: 1 = C1~ (200 nmol); 2 = SO3~ (15 nmol).

Fig. 7. Chromatogram of human urine. Sample size, 10 pl. Peaks: I = PO}~ (257 nmol); 2 = CI~ (1800
nmol); 3 = SOz~ (100 nmol); 4 = SCN™ (1.4 nmol).

taneous determination of inorganic anions, such as phosphate, nitrite, chloride, sul,
phate, thiosulphate and thiocyanate, with sufficient sensitivity and simplicity.
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Extra-column band spreading in High-performance liquid chromato-
graphy—mass spectrometry using a moving belt interface

Numerical evaluation of system variance
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and
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The detrimental effects of extra-column band spreading in chromatographic
separations have long been recognised and elegant theoretical treatments of the prob-
lem have appeared'™.

An increasing interest in microbore (and capillary) high-performance liquid
chromatography (HPLC), techniques which impose great demands on chromato-
graphic equipment, has to some extent rekindled awareness of these effects.

During our development of microbore techngiues for use with mass spectrome-
try (MS)>” we decided to investigate the band spreading effects of the mass spectrom-
eter when used as HPLC detector. Two important spreading effects have been identi-
fied in HPLC detectors, viz. those due to, for example, flow effects, including dead
volumes and cross sectional area changes, and those due to electronic time constants.
It has been usual practice to evaluate these effects by considering the increase in
variance (or second moment of mass) of a chromatographic band. The variances have
useful properties including their additivity when the contributions are independent,
i.e. if the system time-constant 1s independent of the dead volume effects then the two
separately calculable variances can be added to give the overall system variance. Also
the commonly used measure of column efficiency, the height equivalent to a theoret-
ical plate, is itself a measure of the increase in second moment of mass of a chromato-
graphic band as a function of the distance travelled down the column. Although the
importance of variance in extra-column band spreading has been recognised, it is
unfortunately not in general practical use by chromatographers, reference being
made simply to a measured or estimated dead volume in most cases.

This paper describes some results obtained using a Finnigan 4000 mass spec-
trometer with a moving belt liquid chromatographic (LC) interface®, when used as a
dectector for a high efficiency microbore HPLC system. In this system the column
gluent is fed onto a moving belt which carrics the solutes in solution under an infrared
heater where the solvent is removed. Since in this technique there is no flow cell to be
measured, the approach outlined here was adopted. Samples of the pesticide Lindane
(y-hexachlorocyclohexane) dissolved in methanol were injected into the LC-MS

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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Fig. 1. Mass spectrometer output expressed as a function of time, f(r).

interface in a controlled manner using a micro-feeder. These input pulses were con-
sidered to approximate to square waves, the variance of which is given by!:

T?
L= ()

g

where o2, is the input variance, and T, is the time over which the input takes place.
Mass spectra were recorded using an Incos data system scanning the molecular ion
region vary rapidly (0.1 sec per scan). The broadened output appeared to be a com-
plex function together with a great deal of noise. It was not considered feasible to
analyse the output algebraically and so the following calculations involving numeri-
cal integration based on Simpson’s rule were used.

The ion current values produced by the mass spectrometer after subtraction of
a baseline value 1s considered as a function of time f(f) (Fig. 1). We can then define
the following:

totY

A= | f(1)dr = area under curve )
to

B g +Y

t= | (@) dya 3)
to+Y

= | ~Af()dy4 4)

t
0 )

The variance is defined as the average of the squares minus the square of the average,
ie.

ol =1 — (1 )

The output of the mass spectrometer is discrete, each scan being taken at a fixed time.
+ This type of data lends itself to analysis by numerical methods, and it was decided to
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evaluate the above integrals by using Simpson’s rule. Using this rule the integrals can
be formulated as:

T- N-1
A=§{f1 + 4+ ¥ [3+(—1)”]fn} (6)
n=2
_ T N
= g{tfl + 1y + ) B+ (=11 tfn} (N
n=2
— T N-1
= §{t2f1 + Py + Y B+ (=172 fn} (8).
n=2

The rule requires that the peak is split into an equal number of equally spaced strips
of width T (the interval between scans), which requires an odd number of data points
(or scans). A Fortran computer programme was then written to evaluate the sum-
mations and to compute the output variance o2,

Plots of 4 6 (= ¢2,, — 0%,) against o2, and of 4 o%/a2, against o7, are shown in
Figs. 2 and 3. Fig. 3 indicates that ¢2,, is proportional to o2 at reasonable values of
o2, but an anomaly exists at vary low values of ¢2,. The volume standard deviation, ¢,
and the time standard deviation, a,, of a chromatographic band can be calculated

using the equations:
1
oy = /R/NZ_

and

!
o = Vg/N2Q
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where V; = retention volume, N = number of theoretical plates, and Q = volume
flow-rate. For a typical microbore case using a 250 x 0.5 mm I.D. column we may
have:

N = 10,000; V, = 30 ul; 0 = 10 ul min~!

Vg 1s replaced by ¥V, the column void volume, as this represents at the most difficult

RIC

2400 2600 2800 SCAN 3000

Fig. 4. A typical response curve for a belt transport LC-MS interface®.
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Fig. 5. Curve I: Smoothed response curve taken from Fig. 4; curve II: normalised response curve; curve
II: logarithm curve, the slope of the straight line portion giving the instrument time constant.

peak to handle. The time based standard deviation and variance then compute to:
o, = 1.8 sec and 67 = 3.24 sec?

By reference to Fig. 3 we see that this takes us well into the flat area of the plot. From
this and a comparison of the mass spectrometer detector with a micro flow cell UV
detector of dead volume 0.3 ul, we conclude that the mass spectrometer is a suitable
low effective dead volume detector for microbore HPLC.

We have also measured the time constant of the mass spectrometer detector. A
single ion was monitored at maximum scan rate and a flow of sample was injected
into the interface. A typical response is shown in Fig. 4. This response curve shows a
high level of noise which makes further manipulation difficult. We decided to simply
average the noise by drawing a line through the centre points of the curve to produce
Fig. 5 (line I). After normalisation (line II) the logarithm was plotted (line IIT). The
slope of the straight line portion of the logarithm curve gives the instrument time
constant. An average of three values gave a commendably low 0.08 sec.

In conclusion this work shows the mass spectrometer to be a low time constant,
low effective dead volume detector suitable for microbore HPLC. We also hope that
this approach to the estimation of extra-column band broadening by consideration of
system variance will promote further discussion of the problem among chromato-
graphers.
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Soluble peptides obtained by partial hydrolysis of cross-linked elastin were
used as models for studies of structure and interactions of this protein’-2. One of the
chemical methods for the preparation of soluble elastin degradation products is al-
kaline hydrolysis in aqueous alcohol?. The mixture of the soluble peptides obtained
by this method was called kappa-elastin. It was suggested that ethanol and higher
alcohols would facilitate the hydrolysis by deorganising the hydrophobic regions of
elastin. It has been shown that, after hydrolysis for 18-72 h at room temperature?,
non-coacervable, desmosin-containing, low-molecular-weight (molecular weight =
10,000 daltons) peptides are formed. These peptides are remarkably resistent to fur-
ther hydrolysis. The peptide mixture obtained contains several populations of homo-
logous peptides, exhibiting different characteristic glycine-alanine ratios (1.2:1, 1:2,
and 1:1.2, respectively). The ratio of these peptide populations changes as hydrolysis
proceeds. Earlier studies indicated that the peptide mixture obtained by alkaline
hydrolysis is heterogeneous. Some peptides were partially separated from this mixture
by isoelectric focusing®. As the most important difference between the individual
peptide populations is the ratio of hydrophobic amino-acid residues, methods involv-
ing hydrophobic interactions should be more effective for the separation of the dif-
ferent classes of these peptides than methods based on charge differences.

To obtain more insight into the aggregation properties and the separation of
the different peptide populations in kappa-elastin, we investigated the behaviour of
these peptides on high-performance liquid chromatographic (HPLC) columns used
for the separation of proteins.

MATERIALS AND METHODS
Preparation of kappa-elastin
Elastin from Ligamentum nuchae, prepared by the Lansing procedure®, was

used for the preparation of kappa-elastin®. Hydrolysis in 80 % aqueous ethanol con-

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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taining 1 N potassium hydroxide was performed for 24 h at 37°C, as described
elsewhere®. The low-molecular-weight (10,000-16,000 daltons) peptide fraction was
isolated by exclusion chromatography on a Sephadex G-100 column?.

Chromatography

The HPLC columns (7.5 cm x 0.45 cm 1.D.) used for this study were filled with
chemically modified LiChrospher SI 100 (Merck, Darmstadt, G.F.R.) by grafting
hydrophilic diol function by a procedure previously described®.

Solvent delivery was carried out by a Waters Model 6000 A pump, and the
injector was a Waters U6K (Waters Assoc., Milford, MA, U.S.A.). Detection was
performed with an Varichrom multiwave-length detector from Varian (Walnut
Creek, CA, U.S.A)) at 220 nm.

The eluents were mixtures of ethanol and ammonium acetate (102 M) in
different proportions. The pH of the eluent was adjusted by adding acetic acid to the
solution.

Experimental conditions

Hydrolysed elastin (5 mg) was dissolved in 5 ml of the eluting solution, and 5 ul
of this solution were injected onto the column.

We have studied the influence of pH, eluent composition and concentration of
the sample on separation.

For the semi-preparative experiments, we used 30 x 0.45 cm [.D. columns and
a sample concentration of 1 mg/ml. The eluent was ethanol-10"% M ammonium
acetate (60:40, v/v).

RESULTS AND DISCUSSION

The ammonium acetate solution, without the addition of alcohol, resolved the
peptide mixture into two peaks at pH 7 and 8.5 (Table I). At pH 5 all the material is

TABLE |

THE pH DEPENDENCE OF THE SEPARATION OF THE LOW-MOLECULAR-WEIGHT
ELASTIN PEPTIDE

Column, 7.5 x 0.45 cm L.D.; injected volume, 5 ul.

pH 1072 M ammonium acetate Ethanol-10"2 M ammonium acetate
(60:40, v|v)
Elution time Ratio of peak areas*  Elution time Ratio of peak areas
(min) (min)
8.5 1.4 62 1.8 81
2 38 33 19
- 1.4 58 1.8 82
2 42 33 32
5 - - 1.9 86
2 100 33 14

* The distributions of the peak areas (absorbance at 220 nm) are expressed as the percentage of the
sum.
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TABLE II

NOTES

DEPENDENCE OF THE ELUTION TIMES ON THE ETHANOL CONCENTRATION IN THE

ELUENT

Injected volume, 5 pl; concentration, 1 mg/ml; column, 7.5 x 0.45 cm 1.D.; flow-rate: 0.5 ml/min; eluent,

ethanol-10~2 M ammonium acetate (v/v).

Ethanol (%,)

Retention time {(min)

Proportion of the peak
areas as a percentage

of the total

60

70

80

62
38
80
20
82
18
64
36

retained in the elution volume corresponding to peak 2 (Table I). The ethanol-
aqueous solution mixture (60:40, v/v) resolves the peptides into two peaks, at all the
pH values studied.

These findings may be attributed to hydrophobic interactions, similar to those
participating in the coacervation phenomena. The pH optimum for the coacervation
of soluble elastin peptides of higher molecular weight' is between pH 4.5 and 5. The
low-molecular-weight kappa-elastin peptides do not form visible aggregates under
the conditions of coacervation, but the formation of soluble aggregates for these sub-

TABLE I11

EFFECT OF THE CONCENTRATION OF THE INJECTED SAMPLE ON THE SEPARATION OF

THE KAPPA-ELASTIN PEPTIDE

Column, 7.5 x 0.45 cm 1.D.; eluent, ethanol-107? M ammonium acetate (60:40, v/v).

Concentration
(mg/mi)

1

1
(1/2)
(1/2)
(1/4)
(1/4)
(1/8)
(1/8)
(1/16)
(1/16)
(1/32)
(1/32)
(1/32)
(1/69)
(1/64)
(1/64)

Peak number

S el NI SR S R SR ST SRR

o

=

Retention time Ratio of Injected volume
{min) peak area (ul)
1.8 62

27 3 5
1.8 66

27 34 10
1.8 64

27 36 20
1.8 53

27 47 2
1.8 55

27 45 40
1.9 39

2.2 37 80
2.7 24

1.9 37

2.2 37 80
2.7 26
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Fig. |. Effect of the sample concentration on the elution diagram of the kappa-elastin peptides. Concentra-
tion of the samples (mg/ml): (a) 1; (b) 0.0156 (1/64). Experimental conditions: see Table III.

Fig. 2. Elution diagram of the kappa-elastin peptides from the 30-cm column (0.45 cm L.D.). Eluent,
ethanol-10"2 M ammonium acetate (60:40, v/v); injected volume, 5 pl.

stances was demonstrated by electric birefringence®.

The possibility of the separation of the elastin fraction with the column de-
creases with increasing ethanol concentration in the eluent (Table II). The difference
in the elution times of peaks 1 and 2 decreases from 1.4 to 0.9 min when the alcohol-
buffer ratio is altered from 60:40 to 80:20. Alcohol concentrations higher than 70 %
(v/v) seem to increase the amount of material eluted in peak 2, but separation is less
complete under these conditions.

Elution volumes remain constant with the dilution of the injected samples
(Table IIT). A new peak (la) appears between peaks 1 and 2, when highly diluted
samples (from 1/32 of the initial concentration, 1 mg/ml) are injected, even on a short
(7.5 cm) column (Fig. 1). It seems that high dilution of the injected sample increases
the dissociation of the different interacting peptides and allows better separation.

With 30-cm columns with the same stationary phase and the ethanol-am-
monium acetate (60:40) solution as the eluent, the elastin peptide mixture was sep-
arated in three fractions, even for samples of 1 mg/ml concentration (Fig. 2). Thus the
preparative separation of the three fractions was achieved with this eluent system.
Upon eluting this column with aqueous solution alone, or with a 90:10 ethanol-
aqueous solution, only two peaks appear.

Amino-acid analysis of the separated peak materials (Table 1V) indicates that
the individual peaks represent different polypeptide populations. Alkaline degrada-
tion of fibrous elastin under the conditions used?:? yields a large number of homolo-
gous peptides. Thus the three main peaks obtained cannot represent homogeneous
substances, but it can be assumed that different polypeptide populations® are en-
riched in each of the peaks. Peaks 1 and 2 contain alanine- and glycine-rich peptides,
respectively. Such peptide populations were isolated also by isoelectric focusing from
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TABLE 1V
AMINO ACID COMPOSITION OF THE SEPARATED PEPTIDES

Values are residues per 100 residues.

Peak 1 Peak la Peak 2 Amino acid
1.6 1.9 i Hyp
1.5 0.7 2.6 Asp
25 0.6 1.3 Trp
1.4 0.5 1.9 Ser
4.2 1.7 4.5 Gly
9.8 13.6 10.3 Pvo

21.3 27.9 26.28 Gly

39.6 19.7 32.05 Ala

10.1 25.8 10.26 Val
1.5 1.3 1.3 1le
3.8 4.0 4.5 Leu
0.5 0.4 0.5 Tyr
2.5 1.4 3.2 Phe
0.2 0.3 0.6 1ds
0.3 0.4 0.6 Des
0.2 0.3 0.4 Lys

Trace Trace 0.1 Arg

the low molecular weight kappa-elastin preparations®. Valine-rich peptides enriched
in the peak la could not been isolated from those preparations in the isoelectric
focusing systems already described®. Valine-rich peptides were isolated from pro- -
teolytic digests of tropoelastine, the precursor of the fibrous elastin’-®, These peptides
containing repetitive penta- or hexapeptides sequences are distant from the cross-
linking regions, and the main structural element is the S-sheet conformation®. It has
been suggested that this molecular arrangement is a requirement for the elastomeric
properties of the elastic fibres!.

It appears that HPLC on diol-bonded silica supports is suitable for the separa-
tion, assay, and study. of the aggregation of the main peptide population of alcohol-
solubilized elastin peptides. As these different peptides are derived from different
regions of the native elastin molecule®®, the study of their ratio may be useful in the
comparison of elastin preparations originating from normal and pathological tissues.
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The possibility of obtaining protein titration curves by electrophoresis in a
stationary pH gradient, stabilized by focused carrier ampholytes in a flat-bed poly-
acrylamide gel, was demonstrated by Righetti ef al.'! who exploited an original idea of
Rosegren et al.?. These authors showed that an analysis of the shape of the pH vs.
mobility curves of a protein and of its genetic mutants makes it possible to determine
which charged amino acid has been substituted. Krishnamoorthy ef al.® used this
technique to study liganded states of proteins. They were able to isolate complexes of
hemoglobin with different organic phosphates, measure their half-lives, the pH range
of stability and the stoichiometry of the protein-ligand complexes.

Protein—protein interactions between cytochrome b5 and hemoglobin on the
one hand*® and cytochrome b5 and cytochrome b5 reductase® on the other have also
been studied by this technique, allowing the determination of the nature of the amino
acids involved in these interactions. This technique is also useful to define a strategy
for the purification of a specific protein, based on its charge properties. Furthermore,
it constitutes one of the best criteria of charge homogeneity for a protein. Thus, this
simple method has become a powerful tool in studying proteins.

However, polyacrylamide gel, due to molecular sieving, restricts the mobility
of many large proteins and hence for them a mobility curve cannot be obtained. In
this report we establish the conditions for obtaining mobility curves in large-pore-size
agarose gel and discuss the difficulties encountered and the advantages of this
medium over acrylamide gel for specific problems.

MATERIALS AND METHODS

Agarose 1IEF, Pharmalytes (pH range 3-10), gel bond plates and electrode
strips (6 X 10 mm) were obtained from Pharmacia (Uppsala, Sweden). Ampholine
PAG plates, pH gradient 3.5-9.5 were from LKB (Stockholm, Sweden). Sorbitol and

* Present address: Département de Biochimie, Faculté Xavier Bichat, 46 Rue H. Huchard, 75018
Paris. France.
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Coomassie Brillant Blue R250 were from E. Merck (Darmstadt, G.F.R.). All other
reagents were of the best available grade.

Agarose gels (1.3 mm thick) were prepared in the following way. Agarose and
sorbitol, 1% and 129 (w/v) final, respectively, were dissolved in 15 ml of double
distilled water by heating under constant stirring in a water-bath at 95°C. The solu-
tion was then allowed to cool and Pharmalytes were added (6.3%, v/v) when the
temperature reached 75°C. The mixture was layered on a gel bond plastic plate
disposed with its hydrophilic side upwards on an horizontal support preheated at
60°C. The dimensions of the gel were limited by a plexiglass cast (120 x 120 mm).
After gelification at room temperature, the gel was left in a humid atmosphere at 4°C
overnight to increasc its mechanical stiength. Excess of liquid was absorbed from the
gel with Whatman No. 3 MM filter-paper. Electrode strips were soaked in 1 M
sodium hydroxide solution on the cathodic site and in 0.05 M sulphuric acid on the
anodic side. The pH gradient was preformed by applying a power of 0.5 mW/mm?
with an LKB 2103 constant-voltage power supply for 90 min at 8°C. At this point a
10 cm long incision was made with a scalpel in the middle of the gel perpendicular to
the electrode strips to be used as sample well.

Both anodic and cathodic regions were then removed by cutting the gel on the
inner side of the electrode strips. Salt-free sample (7-10 pl containing 100-200 pg of
protein) was applied in the well and electrophoresis was run perpendicularly to the
preformed gradient using the same electrolytes. To insure a good penetration of the
sample into the gel, the voltage was first maintained at 500 V for 3 min. Electropho-
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Fig. 1. Comparison of the pH gradient obtained in a PAG plate (O) and in agarose IEF gel (@®).
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resis was then pursued at 1000 V for 7 min. At the end of the electrophoresis, the pH

gradient was measured as described previously” and the gel was fixed and stained
according to ref. 8.
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Fig. 2. ( Continued on p. 76)
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Fig. 2. Titration curves of total red blood cell Iysates. The bidirectional arrows and the + and — symbols
represent the direction and polarity of isoelectric focusing (IEF) and electrophoresis (EL). The position at
which the titration curve crosses the application well (indicated by an arrow) represents the zero-mobility
point of the macromolecule, i.e., its isoelectric point (p]). Gel fixing and staining are as described!'. a,
Agarose 1EF gel. Conditions: IEF in the first dimension as described in the text; EL in the second
dimension for 3 min at 500 V then for 7 min at 1000 V (constant voltage). b, PAG plate gel, pH gradient
3.5-9.5. Anode electrode solution: I M H;PO,. Cathode electrode solution: I M NaOH. Conditions: IEF
in the first dimension at 7 W (constant power) for 90 min, 700 V at equilibrium; EL in the second
dimension for 3 min at 250 V then 7 min at 400 V (constant voltage). Temperature = 4°C. ¢, PAG plate
gel, pH gradient 3.5-9.5. Conditions as in Fig. 2b, except that EL was performed for 3 min at 250 V and
then for 25 min at 400 V (constant voltage) to obtain a curve with a comparable mobility as in Fig. 2a.

RESULTS

As a first step the formation of the pH gradient in the agarose gel matrix was
compared with that obtained in polyacrylamide gel. As shown in Fig. 1 a pH gradient
can be generated along the gel. The shape of the gradient is similar and linear in both
cases.

A total red blood cell lysate was used to show the feasibility of obtaining
titration curves in agarose IEF gel. Fig. 2a shows the results obtained using the
conditions described above. A sharp titration curve is generated which crosses the
sample well at pH 6.95 corresponding to the p/ of hemoglobin A. This result has been
compared to those from a PAG plate LKB gel, pH gradient 3.5-9.5.

Fig. 2b shows the titration curves obtained after an electrophoresis of the same
duration (10 min) as that used in agarose IEF gel, whereas in Fig. 2c a longer elec-
trophoresis duration (28 min) had to be used to achieve a similar mobility as in
agarose IEF gel.
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Fig. 3. Titration curves of a mutant of NADH cytochrome b5 reductase (Diaphorase). The sample was the
non-heme protein fraction purified from total red blood cell lysates according to ref. 12. Specific staining
for NADH cytochrome b5 reductase was performed according to the method of Kaplan and Beutler'?. a,
Agarose IEF gel, pH gradient 3-10. Electrical conditions as described in the text. b, PAG plate, pH
gradient 3.5-9.5. Conditions as in Fig. 2b. A p/ of 6.8 has been found in both experiments.
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The method has been used to analyze genetically substituted proteins and the
superiority of agarose 1EF gel as compared to polyacrylamide gel has been demon-
strated in specific problems. An example is provided by a mutant of cytochrome b,
reductase (diaphorase)®!°.

The same sample from a heterozygote patient was run on agarose IEF gel (pH
gradient 3-10) and on a PAG plate gel (pH gradient 3.5-9.5). After specific staining
the following patterns were obtained: on agarose IEF gel (Fig. 3a) a single band on
the acidic side of the p/, and two bands on the basic side with different migrations; on
PAG plates (Fig. 3b) a single band along the whole pH gradient.

DISCUSSION

A reliable interpretation of electrophoretic mobility curves first requires a
stable linear gradient and an efficient migration which itself must take place in a
relatively short time so as not to disrupt the gradient.

In polyacrylamide gels migrations of high-molecular-weight molecules is
slowed down by a molecular sieving effect, due to the pore size of the gel, and to
compensate for this a prolonged migration time is required which partially destabilizes
the gradient. We therefore developed, as an alternative electrophoretic support, the
use of agarose gel which has larger pores.

One problem is related to electro-osmosis'* of ordinary agarose which carries
negative charges. This can be solved by using highly purified agarose IEF, where
selective positive charges neutralize the existing negative charges'®. The electro-os-
motic effect was also minimized by the use of sorbitol which increases the viscosity of
the gel, decreasing the osmotic flow as a secondary effect and by overnight storage of
the gel at 4°C in a humid chamber which increases its mechanical strength. As seen in
Fig. 1, these conditions provide a linear gradient.

The results shown in Fig. 2 clearly demonstrate that the resolution obtained in
generating titration curves on agarose gel is as good as that achieved by the use of
polyacrylamide as a support and in a shorter time of migration. It should be noted
that the sample well is replaced by a slit made with a scalpel, thus reducing the volume
of the sample; this results in a sharper and better resolved curve.

We found it essential that the electrophoresis be run initially at low voltage in
order to allow the sample to penetrate into the gel. If a high voltage is applied from
the beginning, the sample migrates at the surface of the gel, and is washed out during
the staining procedure.

Fig. 3 gives an example of the usefulness of this technique in the study of a
mutant of cytochrome b4 reductase. When analyzed on a PAG plate, the mixture of
the substituted enzyme and its wild type gives rise to a single visible band (Fig. 3b).
On the agarose gel, the same sample is separated into two distinct bands at pH values
above the pl (6.8), Fig. 3a. One explanation for the behaviour on agarose gel could be
a more efficient penetration of the chromogenic agents into the gel. Other advantages
of agarose 1EF gel have also to be considered, e.g., the ease, rapidity and reliability of
gel preparation, the aerobic polymerization, the rapidity of staining and destaining,
the use of non-toxic chemicals, the absence of chemically reactive components in the
gel and the unrestricted mobility for large proteins. All these advantages together
make agarose IEF a suitable support for isoelectric focusing experiments.
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The increasing interest in N-acyl phosphatidyl ethanolamine (NAPE)! from
various biological sources has required techniques which can suitably differentiate
these substances from other N-acyl lipids and from amino lipids, notably phospha-
tidyl ethanolamine (PE). We report here our observations derived from chromatogra-
phy on Whatman SG-81 silica gel-impregnated filter paper and modifications of the
N-chlorination/o-tolidine—K1 procedure representing, largely, the cumulative ex-
perience of others®™. To facilitate this examination a convenient chlorination ap-
paratus has been assembled from commonly available laboratory glassware.

EXPERIMENTAL

The chlorination apparatus

As shown in Fig, 1, this consists of a 500-ml, three-neck, round-bottomed flask
with a 21-cm 45/50 standard-taper tube, inserted into the center neck, to contain the
rolled chromatogram. This tube serves as the chlorination chamber and is capped by
a PTFE plate through which extends a short stainless-steel rod. The 24/40 side-arm at
the left is for introduction of the pulverized NaCl:KMnO, stoichiometric mixture
(500 mg) and the separatory funnel in the right side-arm contains the 9 M sulfuric
acid necessary for the chlorine generation. To ensure that the chlorine promptly
reaches the top of the tube a brief (20 sec) gentle flow of nitrogen is introduced via a
connection with the left side-arm. Evidence that chlorination has been adequate is
provided by inspection of the inner end of the stainless-steel rod, which acts as a cold-
finger; 10 min exposure to the chlorine appears to be sufficient.

Spot-tests

The actual spot-testing occurs after (1) aeration of the chlorinated chroma-
togram for 10 min, (2) three 20-sec washes in water, (3) blotting with paper towels and
air drying (complete dryness is not required). Both sides of the chromatogram can be
briefly sprayed with the o-tolidine-KI (2:1) mixture for maximal visualization of the

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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Fig. 1. Chlorination apparatus with rolled chromatogram in place.

N-acyl compounds. Alternatively, spraying can be done first with the ethanolic o-
tolidine followed (5 min later) by the aqueous KI (or by the o-tolidine-KI mixture as
discussed in Results. Because of the transience of the resulting blue spots the chroma-
tograms are then photographed prior to any subsequent staining. Visualization of
monoglyceride (MG) and ceramide monohexosides is achieved by the PAS reaction
and the appropriate use of fluorescamine. Rhodamine 6G, OSPAS and the plasmal
reaction, etc. have been described earlier’; together they aid in the full characteriza-
tion of the chromatograms. Commercial preparations of o-tolidine are frequently
too oxidized to use for the described purpose. However, filtrates prepared from hot
saturated solutions of o-tolidine in 50 % aqueous ethanol, which have been decolor-
ized by Norite and kept reduced by added ascorbate, produce crystalline material of
respectable purity from which the spray reagent is prepared fresh daily (1 mg/ml
ethanol); the KI is I mg/ml water and is stable.
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Chromatography

Extract samples of 10-30 ul are applied to 12 x 19 cm sheets of Whatman SG-81
paper, previously washed with chloroform-methanol (2:1) and by acetone, and run in
one of the following developing mixtures in accordance with the nature of the reso-
lution required: chloroform-methanol-14 M ammonium hydroxide solution
(85:15:1.5), (120:15:1.5) or (180:5:0.5). As indicated in the figures, empiricism re-
mains desirable to achieve the desired optimal resolutions. Repeated use of the de-
veloping solvents produces subtle separation effects, as the solvent ratios change,
which are not always useful.

The above procedures have been applied to chromatograms prepared from
chloroform-methanol (2:1) extracts from freeze-dried samples of (a) normal and
infarcted cardiac muscle from dog, rabbit and man, (b) normal hearts of cat, sheep,
cow, guinea-pig and monkey, (¢) normal brain and optic nerve of the fish Amia calva
and Elops saurus, (d) yolk (hen’s egg), yolk-sac and stage-20 chick embryo, (e) NAPE-
containing seeds of oat and pea. To assist in the interpretation of the above extracts,
co-chromatography with various commercially available lipid standards, of high
purity, was resorted to. The palmitoylethanolamide (NAE) was a synthetic product
from Calbiochem-Behring (La Jolla, CA, U.S.A.); 1073 uM was readily detectable.
The concentration of the extracts was adjusted so that 10-30 ul would produce usable
chromatograms, and generally represented 100-500 mg, dry-weight, of tissue per
millilitre of solvent. The standards were used at a concentration of 1 mg/ml.

RESULTS

o-Tolidine-KI was found to be a positive spot test for the entire NAE group so
far encountered (e.g. NAE, NAPE and NA-lyso-PE), for all of the ceramide (Cer)
derivatives (e.g. n- and h-Cer, CMH, CDH and sphingomyelin), for PE, lyso-PE and
MMePE. Neither DiMePE nor PC (TriMePE) stained. The zwitterionic properties of
PS probably explain its failure to stain. As expected, the imine produced by reaction
of PE with acetone was positive but was easily chromatographically resolvable from
NAPE. Bis-phosphatidic acids were negative (Figs. 2-4).

Of the above compounds the NAE group was the most refractory to o-tolidine
staining in the absence of KI (Fig. 5). This behavior therefore provided a useful
differential manipulation, particularly under conditions where the ceramides were not
clearly resolved from NAE nor CMH from NA-lyso-PE. Cer/NAE resolutions were
best in the 180:5:0.5 system, while the 120:15:1.5 system was most useful for extracts
containing NAPE, NA-lyso-PE, CMH and PE. More polar NAE/Cer derivatives
would require the most polar system.

[t was consequently observed, in the DI series (six specimens of 17-24-h in-
farcts), that there was a wide quantitative variation in NAPE and NA-lyso-PE con-
tent (mainly as plasmalogen) with only one specimen containing detectable amounts
of NAE. The PAS reaction revealed that, in this series, MG was also present and
easily co-chromatographed with NAE (although separable when alerted to the prob-
lem). None of the plant seeds examined contained NAE, although NAPE and NA-
lyso-PE was present. As with the other infarct (and normal) heart specimens Cer was
also present; this increased the resolution problem re: NAE, MG and n- and h-Cer,
although these, too, could be resolved and differentiated as indicated. None of the
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Fig. 2. o-Tolidine-KI reaction, chromzllogrum run in chloroform-methanol-14 M ammonium hydroxide
solution. From left to rigth: ceramide monohexoside (CMH) with one major and one minor spot ( x),
black-eye pea, NAPE (silicic acid column isolate from dog-heart infarct), DI, Elops optic nerve (ON) and
NAE standard. The tissue samples show varying levels of NAPE with pea DI ON; only in the pea (above
PE) is an NA-lyso-PE detectable. NAE, right lane, is near the solvent front.

Fig. 3. o-Tolidine-KI reaction, chromatogram run in chloroform-methanol-14 M ammonium hydroxide
solution (120:15:1.5). The samples are, left to right, oat, n- and h-Cer, CMH (two spots). No NAE is
present.

other heart specimens contained detectable amounts of the NAE group of com-
pounds. Our exploratory studies showed an exceedingly small amount of NAPE in
the yok of hen’s egg, while yolk-sac specimens contained somehwat more; none was
detected in stage-20 embryos. Although the o-tolidine-KI reaction had the desired
selectivity, the sensitivity (as a detector of NAPE) was less than that provided by
rhodamine 6G and, for the alk-1-enyl species, by the plasmal HgCl,-Schiff reaction
(Fig. 6), neither of which stained the NAE. Olefinic NAE species, however, were
appropriately positively spot-tested by the OSPAS reaction.

Other biphenyl diamines (¢.g. benzidine and o-dianisidine) were also examined
as visualizing reagents but were found to be no more sensitive than was o-tolidine and
are not further described.

DISCUSSION

On the basis of gas-liquid chromatographic analysis of the amide-linked fatty
acids of NAE, isolated from dog heart infarct by thin-layer chromatography, Epps et
al.® have calculated the NAE content and established the FA profile. The presence of
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Fig. 4. o-Tolidine-KI reaction, chromatogram run in chloroform-methanol-14 M ammonium hydroxide
solution (120:15:1.5). Left lane, oat; middle lane, CMH (two); right lane, NAE.

Fig. 5. (a)-Sprayed only with ethanolic o-tolidine; left lane, DI with added NAE; right lane, Cer (normal
and hydroxy standards), CMH and sphingomyelin (S). (b) Sprayed first with o-tolidine and then with KI
(both sides); same samples as (a), but lanes reversed as shown. From top to bottom (N) refers to NAE,
NAPE and NA-lyso-PE, respectively. The solvent (chloroform-methanol-14 M ammonium hydroxide
solution) ratio is 150:15:1.5.

MG was detected and removed prior to the analysis. From our experience we would
expect that any n-Cer present could have contributed to the data.

There have been relatively few reports dealing with the free Cer of tissues’. The
technique described here may more readily permit the demonstration that the distri-
bution of ceramides is more widespread than currently appreciated and could facil-
itate its more direct metabolic correlation with the commonly observed sphin-
gomyelin and CMH.

The presence of both NAPE and NA-lyso-PE in various seeds certainly sug-
gests the presence of a phospholipase A as well.

It seems quite remarkable that the two mammalian representatives (cat and
dog) for which cardiac infarction results in the appearance of lipids of the NAE group
are the same ones whose kidneys are characterized by normal histochemical distri-
bution of neutral lipids in the kidney cortex®''. Does this represent a generalized
phenomenon, for these two animals, in the way they handle their fatty acid metab-
olism?
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Fig. 6. Plasmal reaction followed by rhodamine 6G; chloroform methanol-14 M ammonium hydroxide
solution (120:15:1.5). Left to right, normal dog heart (DN), dog-heart infarct (DI), DI with in situ appli-
cation of aqueous HgCl, to release free aldehyde from the plasmalogen prior to the chromatographic run,
Elops optic nerve with and without added HgCl,, oat. The free aldehydes appear at the solvent front with
other neutral lipids (NL). Two CMH spots (c) are in the Elops samples. The HgCl, produces Na-lyso-PE
(the lower N spot) in both the DI and Elops samples.
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Gas chromatography (GC) is one of the most important and widely used
separation techniques to date. Recent advances in the techniques of GC offer poten-
tial for the detection and quantitative determination of the various forms of vitamin
B-6 in foods and similar materials with satisfactory specificity, sensitivity, con-
venience, and reduction in analysis time. Several investigators'™ have used trimethyl-
silylation for the analysis of the various B-6 vitamers. Imanari and Tamura* ex-
amined the GC separation of the trifluoroacetyl derivatives of pyridoxol (also called
pyridoxine, PN), pyridoxamine (PM), methyloxime of pyridoxal (PL), and
pyriodoxic acid lactone. Sennello and Argoudelis® have used N,O-bis-(trimethylsilyl)-
acetamide as a derivatizing reagent in the GC determination of vitamin B-6. GC
separations of acetylated derivatives of PL, PN, and PM have been reported by
Sheppard and Prosser®, Prosser et al.”, and Korytnyk®. The heptafluorobutyryl deriv-
atives of PL, PN, and PM have also been separated with GC by Williams®. Patzer and
Hilker!® have recently used a new reagent N-methyl-bis-trifluoroacetamide
(MBTFA) for the formation of vitamin B-6 derivatives which offers the advantage of
being a rapid, clean, and simple analytical procedure; the hydrochlorides of PL, PN,
and PM were used; the detection minimum was at least 250 ng using a flame ioniza-
tion detector (FID).

Preliminary studies in our laboratory indicated that enhanced sensitivity in the
detection of B-6 vitamers in standard solutions was obtained when the electron-
capture detector (ECD) was utilized as compared to the FID. We utilized MBTFA as
a derivatizing rcagent and a GC system equipped with a ¢*Ni ECD (GC-ECD) for
the separation and quantitation of PL, PN, and PM. Preliminary studies demonstrat-
ing the application of this technique to the separation and quantitation of naturally
occurring PL, PN, and PM in selected foods are also described.
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EXPERIMENTAL

Hydrochloride forms of PL, PN, and PM (Sigma, St. Louis, MO, U.S.A.) were
used as standards. MBTFA, obtained from Pierce (Rockford, IL, U.S.A.), was used
as the derivatizing reagent. MBTFA was used to trifluoroacylate primary and second-
ary amines, hydroxyl, and thio groups under mild, non-acidic conditions!!. Pesticide
grade absolute ethanol and ethyl acetate were glass-distilled before use.

A stock solution containing a mixture of the three B-6 vitamers (1000 ng/ul
each of PL, PN, and PM) were prepared in deionized-distilled water and protected
from light. Trifluoroacetylation of the B-6 forms was carried out using a modification
of the method of Patzer and Hilker!®, A 50-ul volume of the aqueous mixture of the
three B-6 vitamers was introduced into each of two 1 ml reactivials and dried under a
gentle stream of nitrogen at 65°C with the use of a No. 18800 Reactitherm heating
module equipped with a No. 18804 Reacti-block (Pierce).

Absolute ethanol, 50 ul, was added to each vial to convert PL to its hemiacetal
in order to distinguish it from PN after derivation®. The vials were covered with
PTFE, silicone discs and sealed with open top screw caps. The contents of the vials
were refluxed at 85°C for 30 min, cooled to room temperature, and then the ethanol
was evaporated under nitrogen at 65°C. MBTFA, 50 ul, was added to the contents of
each vial; refluxing with closed tops was carried out at 130°C for 20 min. The contents
of the vials were allowed to cool to room temperature and 450 ul of ethyl acetate were
added to bring about a 1:10 dilution of the derivatized mixture so that a concentra-
tion of 100 ng/ul of each B-6 vitamer was obtained. The contents were mixed using a
vortex for 0.5 min to ensure homogeneity. The derivatized B-6 compounds were
further diluted with ethyl acetate to obtain concentrations of 0.01 to 100.0 ng/ul of
each of the B-6 vitamers. Volumes of 1.0 ul were then injected directly into the gas
chromatograph and a calibration curve prepared. All injections were done in du-
plicate.

Analyses of food extracts

Brand names of selected foods were purchased at a local grocery store; these
included Rainbo enriched white bread, Carnation instant non-fat dry milk, and
Green Giant sweet peas. Aqueous slurries of the foods (1:2; solid~water) were pre-
pared by homogenization.

The B-6 vitamers in the homogenates were solubilized and released by acid
hydrolysis followed by enzymatic treatment using alpha-amylase (EC 3.2.1.1), pepsin
(EC 3.4.23.1), and papain (EC 3.4.22.2); all enzymes were obtained from Sigma
Chem. Co., St. Louis, MO. To 50 ml (bread or milk) or 25 ml (peas) slurry, 30 ml 0.2
M hydrochloric acid were added; samples were placed in a boiling water bath for 1 h
with constant stirring using a magnetic stirring bar. Flasks were then cooled to room
temperature and 2 ml alpha-amylase solution (3 g in 2.5 M sodium acetate), 2 ml
pepsin solution (3 g in 2.5 M sodium acetate), and 1 ml [ % papain solution were
added; then samples were incubated at 37°C for 16 h in a shaker water bath. Samples
were then filtered through No. | filter paper using a Buchner funnel. The filtrate was
then passed through an ion-exchange column (AC-50W-X8, 100-200 mesh, Bio-Rad
Labs., Richmond, CA, U.S.A.) in order to further remove contaminants.

Aliquots (150 ul) of the food extracts were derivatized under the same con-
ditions as for the B-6 standards. Calibration curves with external standards were
prepared to accompany each set of chromatographic determinations. This allowed
the GC analyst to compensate for sensitivity changes that occurred during normal
GC operations.
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GC operating conditions

GC was carried out using a MT-220 (Microtek Instruments, Baton Rouge, LA,
U.S.A.) gas-liquid chromatograph fitted with a *Ni ECD. The detector voltage was
set at 102 and the sensitivity at 1/32. Several different columns and operating con-
ditions including that of temperature were tried and those described below were
found to be the best for the quantitative separation of the B-6 vitamers. The column
was 1.54 m x 2 mm 1.D., glass, packed with 109, SP-2100 on Supelcoport 80-100
mesh (Supelco, Bellefonte, PA, U.S.A.). The column temperature was maintained at
125°C, the injection port was operated at 205°C, and the detector temperature was set
at 350°C. The carrier gas was nitrogen with a regulator pressure of 40 p.s.i.g. and a
flow-rate of 30 ml/min.

RESULTS AND DISCUSSION

A representative chromatogram of B-6 standards separated by GC-ECD is
shown in Fig. 1. The separation of all three B-6 compounds was completed in less
than 8 min. Trifluoroacylation of PL and PM gives rise to single peaks; whereas,
trifluoroacylation of PN gives rise to two peaks —a major peak with a retention time
of approximately 3.8 min and a minor peak with a retention time of approximately
3.2 min which sometimes appeared as a shoulder to the major peak. Korytnyk® had
reported that trimethylsilylation of PN generally yielded 2 peaks. The variation in
areas of the two peaks was dependent on the time the vitamer was exposed to the
trimethylsilylation mixture. In the present study, variation in areas of the two peaks
resulting from formation of the MBTFA derivative of PN was observed. The peak
with the longer retention time was always the predominant peak. The calibration
curve for PN was plotted using the sum of the peak heights. This gave a satisfactory
linear plot.

The log response vs. log ng standard calibration curves for PN and PL were
linear between 0.01 and 0.5 ng; whereas the curve for PM was linear between 0.01 and
5.0 ng. The minimum detectable quantity for all three vitamers was 0.01 ng. Several
factors affect the operation of the gas chromatograph such as purity and dryness of
the carrier gas, sensitivity of the ECD, temperature,column bleed, column condition-
ing times, and electrical noises also often contribute to variability in the signal output
in GC-ECD techniques.

RESPONSE (mm)
RESPONSE (mm)

1 1 1

2 4 6 8 2 4 6 8
TIME (min) TIME (min)

Fig. 1. Separation of B-6 standards by GC-ECD. Conditions: Microtek MT-220; column, 1.54m x 2mm

LD, glass, packed with 109, SP-2100 on Supelcoport 80-100 mesh; column, 125°C, injection port, 205°C,

detector, 350°C; carrier gas, nitrogen at 30 ml/min; *3*Ni ECD.

Fig. 2. Separation of B-6 vitamers in milk by GC-ECD. Conditions as for Fig. 1.
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GC-ECD analyses of food extracts

A representative chromatographic pattern of separated B-6 vitamers in de-
rivatized extracts of milk is shown in Fig. 2. Similar patterns were obtained for
extracts of bread and peas. Identification of the B-6 vitamers was accomplished by
matching peak patterns and retention times of the B-6 vitamers from the foods with
those of pure standards chromatographed in the same set of determinations. In gen-
eral, good separations with little interference were obtained.

The B-6 vitamer content of these selected foods as measured by GC-ECD
techniques is shown in Table I. Published values for GC analyses of B-6 vitamer
content were not available for comparison. The values which we obtained using GC~
ECD methods are higher than reported values as ascertained by microbiological
assay'?.

TABLE 1

B-6 VITAMER CONTENT OF SELECTED FOODS AS MEASURED BY GC-ECD
X + S.D. for duplicate analyses of two separate extractions.

Food mg[100 g wet wi.

PM PL PN Total B-6
Enriched bread 041 £ 0.11 034 +£0.07 1.04 +£024 1.79 + 041
Non-fat dry milk 095 + 0.08 041 + 020 458 + 0.64 594 + 091
Sweet peas 0.99 + 0.32 039 + 0.01 533 + 1.32 6.71 + 1.00

The short separation time of the MBTFA derivatives of PL, PN, and PM as
well as the exceptional sensitivity of the ECD suggest the potential use of this GC~
ECD method for the detection and quantitation of B-6 vitamers in food. Additional
precision could be obtained by use of an internal standard such as deoxypyridoxine.
Further studies should involve the use of mass spectrometry for additional confir-
mation of peak identities.
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In a previous paper! we demonstrated that fused-silica wall-coated open tu-
bular (WCOT) columns provide a convenient and efficient tool for the analysis of
alditol acetates of neutral monosaccharides, which are the most commonly used
derivatives for analyses of polysaccharides and glycoconjugates®. Those coated with
polar liquid phases such as FFAP and PEG 20M gave excellent separations of either
alditol acetates or partially methylated substances under isothermal operations.

In carbohydrate chemistry, fused-siica WCOT columns have recently been
employed in separations of partially methylated alditol acetates derived from the
extracellular polysaccharide of the bacterium Rhizobium japonicum® and in analysis
of the methanolysate of lipopolysaccharides* on a column with methylsilicone (SE-
30) stationary phase.

Here we extend the use of such columns to the analysis of amino sugars as
alditol acetates. Separation of the alditol acetates of glucosamine and galacosamine
by gas-liquid chromatography (GLC) was first reported on a packed column with
19, ECNSS-M on Gas-Chrom A°®, and was followed by some improvements in
packed column GLC®®. Recently, Doctor and co-workers® reported that a glass
capillary SCOT column coated with chiral polysiloxane liquid phase is able to sep-
arate the alditol acetates of glucosamine, galactosamine and mannosamine and thir-
teen neutral monosaccharides.

In the present study, the separation of alditol acetates of neutral and amino
sugars has been examined on fused-silica WCOT columns with non-polar (silicone
OV-1), slightly polar (silicone SE-54) and polar stationary phases (Carbowax 20M).
Glucosamine, galacosamine and mannosamine were readily separated as alditol ac-
etates by any column employed, whereas the Carbowax 20M column was superior for
the separation of the neutral alditol axetates.

EXPERIMENTAL
GLC was carried out with a Hewlett-Packard 5880A instrument equipped with

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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a flame ionization detector at linear carrier gas (helium of hydrogen) velocities of 39—
53 cm/sec. A sample solution (1 9, w/v) in methylene chloride (0.2 ul) was applied to a
column in split mode (splitting ratio 100/1).

The following fused-silica WCOT columns (Hewlett-Packard, Avondale, PA,
U.S.A.) were used: silicone OV-1 (dimethylsilicone gum), 50 m x 0.2 mm, D; (thick-
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Fig. 1. Chromatograms of alditol acetates of neutral sugars on fused-silica WCOT columns using helium
as the carrier gas: a, OV-1 (50 m x 0.2 mm, D; = 0.17 um), linear velocity (i#) 39 cm/sec, temperature 170—
190°C at 1°C/min; b, SE-54 (25 m x 0.3 mm, D; = 0.52 ym, 7 = 40 cm/sec, temperature 140-200°C at
2°C/min; ¢, Carbowax 20M (25 m x 0.2 mm), # = 50 cm/sec, temperature 20°C. Peaks correspond to
acetates of: 1 = D-digitoxitol; 2 = 2-deoxy-D-ribitol; 3 = L-rhamnitol; 4 = p-fucitol; 5 = 6-deoxy-b-
glucitol; 6 = D-ribitol; 7 = L-arabinitol; 8 = p-xylitol; 9 = 2-deoxy-p-galactitol; 10 = p-allitol; 11 = 3-
O-methyl-D-glucitol; 12 = 4-O-methyl-p-glucitol; 13 = p-altritol; 14 = p-mannitol; 15 = L-glucitol;
16 = b-galactitol; 17 = vr-iditol. The retention times (min) are also shown.

ness of liquid phase film) = 0.17 uym; silicone SE-54 (1 % vinyl, 59 phenyl), 25 m x
0.3 mm, D; = 0.52 um; Carbowax 20M, 25 or 12m x 0.2 mm.

Alditol acetates were prepared as described previously! from corresponding
neutral and amino sugars.

RESULTS AND DISCUSSION

Separations of alditol acetates of neutral and amino sugars are compared on
three different types of columns in Figs. 1 and 2, respectively.

Hexitol acetates are well separated on each of the present columns; it may be
noticed that glucitol acetate emerges after galactitol acetate on the OV-1 or SE-54
column, but the elution order is the opposite on the Carbowax 20M column. Resolu-
tion of acetates of pentitols and deoxyhexitols was improved on the SE-54 column
compared to the OV-1 column, and complete separation was achieved on the Car-
bowax 20M column as on the FFAP column described previously.

Amino sugars are completely separated as alditol acetates in 8-12 min (Fig. 2);
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the shorter Carbowax 20M column (12 m) was used, since it was required to operate
near the maximum operating temperature for the separation of these compounds.
The elution order of galactosaminitol and mannosaminitol acetates on the Carbowax
20M column is opposite to that on the OV-1 or SE-54 column.
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Fig. 2. Chromatograms of alditol acetates of amino sugars on fused-silica WCOT columns using helium as
the carrier gas: a, OV-1, if = 45 cm/sec, temperature 210°C; b, SE-54, i# = 35 cm/sec, temperature 210°C; ¢,
Carbowax 20M (12 m x 0.2 mm), # = 53 cm/sec, temperature 220°C; characteristics of the OV-1 and SE-
54 columns as in Fig. 1. Peaks correspond to acetates of: 18 = D-glucosaminitol; 19 = p-galactosaminitol;
20 = p-mannosaminitol.
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Fig. 3. Chromatogram of alditol acetates on the Carbowax 20M (12 m x 0.2 mm) fused-sitica WCOT
column using hydrogen as the carrier gas. Temperature, 185-200°C at 1°C/min, maintained at 200°C for 2
min and increased to 220°C at 20°C/min. Peak identities as in Figs. | and 2.
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Simultaneous separation of alditol acetates of both neutral and amino sugars
was tried on the 12-m Carbowax 20M column, giving the chromatogram of Fig. 3.
Although the resolution of the acetates of glucitol and galactitol was not satisfactory,
almost all monosaccharides could be rapidly separated as alditol acetates by this
GLC system.
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Gas chromatography of homologous esters
XVIII*. Polychlorinated propionate and butyrate esters

J. K. HAKEN

Department of Polymer Secience; University of New South Wales, P.O. Box 1; Kensington; N.S.W.. 2033.
( Australia)

(Received August 12th, 1982)

A recent paper! has considered the retention behaviour of the methyl and
chloromethyl esters of isomeric monochloro esters of C,—C, ¢ n-carboxylic acids*™
and of the corresponding monochloro esters of the isomeric Cs aliphatic acids.

The effect on retention of the position of the chlorine substituent and of branch-
ing in the acid chain shown in these reports was compared with the results from
other studies on aliphatic esters containing a second and variable structural parame-
ters.

The present work extends the earlier study using recently available data®” on
the mono- and dichloro esters of r-butyric acid and on all the chlorinated esters of
propionic acid®® such that the effect on retention of chlorine substituents in all of the
positions in the chain is apparent.

EXPERIMENTAL

A Varian Model 2400 gas chromatograph with flame ionisation detector was
used for the analyses. Glass capillary columns coated with 3 9/ Carbowax 20M were
used with temperature programming from 50°C at 6°C/min. The retention data were
recorded as uncorrected retention times.

RESULTS AND DISCUSSION

The retention data for the methyl esters of mono- and dichlorobutyric acids are
shown in Table I while the retention behaviour relative to the position of substitution
is shown in Fig,. 1.

The monochloro esters follow the trend previously observed for longer chain
esters, where the retention increased with the distance of the chlorine atom from the
carbonyl group, the m- or terminally substituted compound having the highest reten-
tion due to minimisation of acceptor—donor effects.

Of the dichloro esters the 2,2-homologue has, predictably, the lowest retention
time while the 3,3- and 4,4-homologues show progressively higher retention times, the

* Part XVII: G. Crank and J. K. Haken, J. Chromatogr., 245 (1982) 346-349.

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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TABLE I
RETENTION TIMES OF MONO- AND DICHLOROBUTYRATE ESTERS

Compound Retention time
(sec)
Methyl butyrate 141
Methyl 2-chlorobutyrate 223
Methyl 3-chlorobutyrate 248
Methyl 2,2-dichlorobutyrate 282
Methyl 4-chlorobutyrate 340
Methyl 3,3-dichlorobutyrate 340
Methyl erythro-2,3-dichlorobutyrate 374
Methyl threo-2,3-dichlorobutyrate 484
Methy! 4,4-dichlorobutyrate 513
Methyl 2,4-dichlorobutyrate 561
Methyl 3,4-dichlorobutyrate 595

compounds following the pattern of the 2-, 3- and 4-chloro esters. The retention time
of the 2,3-dichloro isomer is higher than that of the 3,3-isomer, that of the 2, 4-isomer
is similarly higher and the 3,4-dichloro ester shows the highest retention time. The
polar effect of two chlorine substituents is maximised when the two atoms are not
attached to the same carbon atom, which is simply due to the bulkiness of the sub-
stituents.
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Fig. 1. Structure and retention behaviour of mono- and dichlorobutyrates.
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TABLE I1
RETENTION TIMES OF METHYL CHLOROPROPIONATES

Methyl! Retention time
chloropropionates (sec)
2-Chloropropionate 195
2,2-Dichloropropionate 218
3-Chloropropionate 269
3,3-Dichloropropionate 348
2,3-Dichloropropionate 407
3,3,3-Trichloropropionate 448
2,2,3-Trichloropropionate 488
2,3,3-Trichloropropionate 533
2,3,3,3-Tetrachloropropionate 594
2,2,3,3-Tetrachloropropionate 648
Pentachloropropionate 749
Retention Substitution
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Fig. 2. Structure and retention behaviour of methyl chloropropionates.
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The effect of further substitution may be observed from the data of the eleven
methyl chloropropionates (Table II) while the retention behaviour relative to the
position of the substituents is shown in Fig. 2. The increase in retention in the mono-
and dichloropropionates followed the same pattern as for the corresponding butyrate
esters.

As expected, the trichloropropionates have increased retention times and the
3,3,3-trichloro ester, due to attachment of three substituent groups, exhibits a lower
retention than the 2,2,3-trichloro ester which, in turn, has a lower retention than the
2,3,3-isomer with terminal di-substitution.

The same pattern is observed for the two tetra-substituted isomers, where
terminal di-substitution produces greater retention than terminal tri-substitution.
The pentachloropropionate, with an additional chlorine substituent, shows the
greatest retention of the series.

The two ester series generally follow the same retention pattern with substi-
tution, and it is possible, by observing the following simple rules, to predict the
elution behaviour of longer chain polychlorinated esters.

(1) The retention of an ester with single chlorine substitution increases as the
distance from the carbonyl increases and retention is maximised with substitution in
the terminal (@) position.

(2) w,w di-substitution produces lower retention than w,w — 2 and w,w — 1
di-substitution.

(3) With trichloro esters retention is maximised with @-di-substitution. The
retention data, if available as retention indices, would allow the relative contributions
of each substituent to be shown as retention increments as have been used with many
series of saturated and unsaturated aliphatic esters.
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Separation of prostaglandins and thromboxane B, by high-resolution
gas chromatography coupled to mass spectrometry or electron-capture
detection

CHIARA CBIABRANDO*, ALESSANDRG NOSEDA and ROBERTC FANELLL
Laboratory of Environmental Pharmacology and Toxicology, “Mario Negri” Institute for Pharmacological
Research, Via Eritrea 62, 20157 Milan (Italy)

(Received June 10th, 1982)

In recent years much attention has been focused on the identification and
measurement of prostaglandins (PGs). It is generally recognized that mass spectrom-
etry (MS) is the most specific and reliable method so far available for qualitative and
quantitative analysis of PGs, especially when coupled to high-resolution gas chroma-
tography (HRGC)**. The sensitive electron-capture detector (ECD) can also be
coupled to HRGC, yielding fairly specific methods of analysis*. The use of HRGC is
mandatory when the stable cyclooxygenase metabolites of arachidonic acid [PGF,,,
PGE,, PGD,, 6-keto-PGF,,, thromboxane B, (TXB,)] have to be analyzed as a group,
since these compounds cannot be separated by conventional packed columns.

This paper deals with the development of the simultaneous detection of PGs
and TXB, by HRGC-MS and HRGC-ECD as alternative and integrated methods to
be used when different degrees of specificity are required. A derivatization procedure
suitable for the gas-phase analysis of all the compounds to be analyzed and for both
the detectors to be used (MS and ECD), and a simple procedure for preparing high-
resolution glass capillary columns tailored for PG analysis, were necessary.

Quantitative analysis and biological applications will be discussed elsewhere.

EXPERIMENTAL

Standards
PGF,,, PGE,, PGD,, 6-keto-PGF,,, TXB, and 2a,2b-dihomo-PGF,, were a
generous gift from Dr. John Pike of the Upjohn Company, Kalamazoo, MI, U.S.A.

Derivatization

The pentafluorobenzyl ester trimethylsilyl ether (PFB-TMS) derivatives of
PGF,, and 2a,2b-dihomo-PGF,, and the pentafluorobenzyl ester methyloxime tri-
methylsilyl ether (PFB-MO-TMS) derivatives of PGE,, PGD,, 6-keto-PGF,, and
TXB, were prepared as previously described®.

Mass spectrometry
An LKB 2091-051 gas chromatograph-mass spectrometer equipped with an

0021-9673/82/0000-0000/$02.75 © 1982 Elsevier Scientific Publishing Company
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LKB 2130 computer system for data acquisition and calculation was used in the
electron impact mode. ‘The gas chromatograph was a DANI 3800.

The instrument was used in the selected ion monitoring (SIM) mode and was
tuned on the following ions: m/z 301 for TXB,, 461 for PGE,, 544 for PGD, and 6-
keto-PGF,,, 589 for PGF,, and 527 for 2a,2b-dihomo-PGF,, which was used as
internal standard for quantitative work. The instrumental conditions were as follows:
ion source temperature, 250°C; electron energy, 22.5 eV; trap current, 100 uA; ac-
celerating voltage, 3.5 kV; source slit width, 0.1 mm; collector slit width, 0.3 mm;
resolution, 650. The mass spectra (recorded at 2.33 kV, 22.5 eV and resolution 900)
are shown in Figs. 1-4, the salient fragments are assigned in Table I and the structures
of the derivatives are shown in Fig. 5.

Electron-capture detection
A low dead-volume ®*Ni detector (DANI ECD 36/3), especially designed for
connection to capillary columns, was used on a DANI 3900 gas chromatograph.

High-resolution gas chromatography

Support-coated open tubular (SCOT) capillary columns were prepared by a
procedure developed in our laboratory as a modification of the method described by
German and Horning®. Glass capillary columns (0.9 mm O.D., 0.3 mm 1.D.) were
drawn using a Shimadzu GDM 1 drawing machine. A 150-cm Pyrex glass tube (8 mm
LD.,3mm L.D.) yields a coil about 90 m long, with a diameter of 12 cm. In this study
30-m columns were employed. The glass column was rinsed with a small amount of
acetone. A chloroform plug was then introduced under air pressure (1 atm) in order
to wet the column wall; this was followed by a plug (30% of the column internal
volume) of the support suspension consisting of 29, LiChrosorb, 0.25% OV-101 and
0.259% OV-17 in chloroform—carbon tetrachloride-methanol (50:49:1 v/v). This sus-
pension was forced through the column at a rate of about 1.5 cm/sec. The column was
dried under an air stream for 3 h at room temperature, then coated with additional
liquid phase by the same technique used for the support coating. A plug (309 of
column internal volume) of a chloroform solution containing 1% of OV-101-OV-17
(8:2 v/v) was moved through the column at a rate of about 3 cm/sec. The column was
then dried under an air flow for 12 h at room temperature. In the conditioning step
the column was heated by increasing the temperature from 50°C to 260°C at a rate of
0.5°C/min under a helium flow (1 atm head pressure).

RESULTS AND DISCUSSION

Derivatization

Of the many different derivatives described in the literature for GC analysis of
prostaglandins, the PFB-MO-TMS derivatives were chosen since they yielded sat-
isfactory results in terms of GC properties, ECD and MS response and stability.
These derivatives show single, well shaped peaks for each compound, except for
PGE,-PFB-MO-TMS, whose syn-anti isomers can be seen as well separated peaks.
The PFB-MO-TMS derivatives, which are reportedly excellent for ECD analysis*,
also gave satisfactory results when analysed by MS. The mass spectra of the deriva-
tives, shown in Figs. 1-4, give significant intense ions in the high mass range, so that
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Fig. 5. Structures of PFB-MO-TMS and PFB-TMS derivatives of prostaglandins and TXB,.

specific and sensitive responses are obtained when the SIM technique is used.
A typical SIM analysis of authentic PGs and TXB is shown in Fig. 6.
Finally, as previously pointed out for 6-keto-PGF,,’, these derivatives are
stable for months when kept in bis(trimethylsilyltrifluoroacetamide (BSTFA) solu-
tion.

Capillary column properties

Columns were characterized with respect to the isothermal separation of tetra-
cosane at 180°C, revealing a typical theoretical plate efficiency of about 1900 plates
per metre. A TZ parameter of 7.3 was obtained by injecting tetradecane and penta-
decane. No significant drop in column efficiency was noted after months of daily use.

These columns proved particularly suitable for prostaglandin analysis, since
complete separation of all the major metabolites of arachidonic acid via the cyclo-
oxygenase pathway can be obtained in a relatively short time (Fig. 7). The com-
position of the stationary phase mixture used for column coating seems to be critical
for the separation of all the compounds, and columns prepared with less polar phase
mixtures did not completely separate PGF,,-PFB-TMS from the PGE,-PFB-MO-
TMS minor isomer.

Interesting features of the method described are the constant and reproducible
chromatographic properties of columns and the short time required for column prep-
aration in that no time-consuming deactivation steps are required.

Electron-capture detection
-As we previously demonstrated for 6-keto-PGF,,, HRGC-ECD can be suc-
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Fig. 6. Selected ion monitoring of (1) PGF,,, (2) PGE, minor isomer, (3) PGD,, (4) PGE, major isomer,
(5) TXB,, (6) 6-keto-PGFy,, (7) 2a,2b-dihomo-PGF;,. Column: 30 m OV-101-OV-17 (8:2), 220°C iso-
thermal. Carrier gas: helium, 25 cm/sec.

Fig. 7. HRGC-ECD separation. Compounds and condmons as in Fig. 6.

cessfully used for PG analysis. A typical ECD chromatogram of authentic PGs is
shown in Fig. 7 HRGC-ECD is a simple, sensitive and fairly specific alternative
method for PG determination in selected experimental models previously charac-
terized by mass spectrometry. If numerous samples have to be analyzed, the com-
bined use of HRGC-MS and HRGC-ECD may be convenient using the first tech-
nique mainly for identification work and the second for routine quantitation.

Studies in progress on the applicability of this technique to complex biological
matrices show that a critical aspect of HRGC-ECD is that it requires greater purifi-
cation of biological samples than HRGC-MS; this question will be discussed in detail
in a subsequent paper.
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Crop production systems often involve rotations of species from year to year,
replanting to a different crop, or double-cropping within the same year. Fluometuron
[1,1-dimethyl-3-(o, o, a-trifluoro-m-tolyljurea], commonly used as a pre-emergence
herbicide for cotton, can be injurious to soybeans used as a replacement crop when
cotton stands fail. A rapid method for analyzing residual concentrations of fluomet-
uron and a knowledge of the threshold level for crop damage would give the producer
an estimate of the influence which this herbicide could have in cotton fields replanted
to soybeans or other sensitive crops.

There are several analytical methods for fluometuron from various sources!™®.
Guth and Voss' reported a colorimetric procedure for fluometuron from soil; how-
ever, it is for the unchanged urea and the corresponding hydrolysis product. Analysis
of the unchanged urea requires thin-layer chromatography to separate it from metab-
olites. A reversed-phase high-performance liquid chromatographic (HPLC) method
is available for the separation of carbamates and ureas from each other and from
some of their metabolites?.

Many of the procedures available for analyzing fluometuron cannot be applied
easily to a large number of samples per day because they involve extensive clean-up,
large pieces of glassware, or Soxhlet extraction. The objective of this study was to
develop a method for the rapid analysis of fluometuron residues in a large number of
soil samples.

EXPERIMENTAL

Chemicals

Fluometuron (99.29,) was obtained from Ciba-Geigy (Greensboro, NC,
U.S.A.). Working solutions of 0.3, 3.0, and 15 ppm were prepared by making appro-
priate dilutions of a 100-ppm stock solution in ethanol with deionized water. Propa-
chlor (2-chloro-N-isopropylacetanilide) was obtained from Monsanto (St. Louis,
MO, U.S.A.) and was used as a 50-ppm solution in 5%, methanol in deionized water.
The 209, saturated ammonium chloride was prepared by diluting saturated am-
monium chloride (1:5). Diethyl ether was reagent grade and methanol and acetoni-
trile were HPLC grade.

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company



110 NOTES

Apparatus

The extraction bottles were 175 ml square, linear polyethylene Nalgene® with
polypropylene caps. The samples were filtered through 0.22-ym aqueous 13-mm di-
ameter Millipore filters in a Swinney adapter fitted to a 10-ml syringe. The HPLC
system consisted of a Waters Assoc. (Milford, MA, U.S.A.) Model 6000A solvent
delivery system, Model 710A WISP, Data Module, Model 440 UV detector fixed at
254 nm, and a Radial Compression Module with a 5-mm 1.D. Radial-Pak 10-um Cg
cartridge. A wrist-action shaker operating at 3 to 4 shakes per sec and a N-Evap
(Organomation Assoc., Northborough, MA, U.S.A.) were also used.

Sample preparation

The samples were fortified with fluometuron in a manner that put them
through a wet—dry cycle to simulate the “aging process” which occurs under field
conditions. Dry soil (30 g) was placed in a polyethylene bag, and the desired volume
of fluometuron solution was applied in drops evenly over the soil. Additional water
was added in the same manner to make a total of 4 ml of water added to the soil. The
bags were closed, shaken by hand for ca. 10 sec at a rate of 2 to 3 shakes per sec, and
then opened and allowed to dry. Each sample was extracted and analyzed within 4
days of fortification.

Extraction

The soil was placed in a 175-ml plastic bottle. Then 25 ml of 20 % saturated
aqueous ammonium chloride and 50 ml of ether were added in sequence. The cap was
screwed on securely, and the bottle was shaken for 30 min on a wrist-action shaker.
The bottle was removed, and the soil was allowed to settle into the aqueous layer. The
ether layer was transferred to a 20 x 2.5 cm L.D. test tube by means of a disposable
Pasteur pipet. (When 30 samples were to be run, the second fifteen were shaking while
the ether layers were being removed from the first fifteen). The volume of ether was
reduced to ca. 10 ml on a 35°C N-Evap under a stream of dry nitrogen. The sample
was extracted with two additional 50-ml portions of ether in the same manner with
the ether portions being combined and reduced in volume. After the third extraction
the ether was completely removed by evaporation. An internal standard of 2 ml of 50-
ppm propachlor in 5%, methanol in water was added, followed by 1 ml of methanol.
The sides of the test tube were washed down with the solution by means of a Pasteur
pipet, and the tube was placed in a warm water bath for 5 min with occasional
swirling. The sample was filtered into a sample vial through a 0.22-um Millipore filter
in a Swinney adapter and analyzed by HPLC.

Chromatography

The injection volume was 40 ul. The sample was eluted with a mixture of
acetonitrile-water (30:70) at a flow-rate of 2 ml/min. The retention times were 9.3 min
for fluometuron and 12.0 min for propachlor.

RESULTS AND DISCUSSION

The results are given in Table I. Typical chromatograms of blanks and soil
samples fortified at 0.02 and 0.1-ppm fluometuron in soil are shown in Fig. 1. The
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TABLEI
RECOVERY OF FLUOMETURON FROM LORING AND CROWLEY SILT LOAMS

Soil ppm in soil Recovery + S.D. (%, )*

Crowley 0.00 ndxx
0.02 88 + 4
0.10 91 + 3
0.50 91 + 1
1.00 91 + 7

Loring 0.00 o
0.02 114 + 13
0.10 91 + 2
0.50 91 + 5
1.00 94 4+ 2

* Seven replicate samples were analyzed at each concentration for each soil type.
** Not detected.

limit of detection was 0.02 ppm for both soil types. The 91 % recovery was the same
for both soils at concentrations of 0.1-1.0 ppm in soil. The only difference in the
results for the two soil types was at the lowest concentration of fluometuron (0.02
ppm in soil). The higher percentage recovery and larger standard deviation for the
Loring soil at this level indicated higher and more varied background interferences.
However, there was a difference in the results for the blank soil and the soil that was
fortified at the 0.02-ppm level.

The method has limits of detection comparable to or better than most fluomet-
uron techniques in the literature; it is simple and adaptable to running a large number
of samples per day. One person can quickly learn to perform analyses of fifteen
samples per day and after becoming more familiar with the procedure can analyze as
many as 30 samples per day. This ability to analyze soil samples rapidly is important
to farmers using rotational or double-cropping systems or those who wish to replant
during the same season.

IS
Is

Is

~—Fiuometuron

~— Fluometuron
-—Fluometuron

L
A B c

Fig. 1. Chromatograms of soil samples fortified with fluometuron. A, blank; B, 0.02 ppm in soil; C, 0.1
ppm in soil. The retention times for fluometuron and the internal standard (IS) are 9.3 and 12.0 min,
respectively.
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Mycosporine-like amino acids are water-soluble nitrogenous substances with
strong absorption maxima in the range 310-360 nm'. As shown in Fig. 1, nine
mycosporine-like amino acids, mycosporine-Gly (3) (4,310 nm)?, palythine (4) (4
320 nm)*>, shinorine (5) (1,,,,334 nm)®’, porphyra-334 (6) (4,,,,334 nm)’%, asterina-
330 (7) (A, 330 nm)®, palythinol (8) (4,,,.332 nm)'?, palythenic acid (9 and 10) (4,
337 nm)!! and palythene (11) (4,,,, 360 nm)'®*2 and two related compounds (1'3
and 2'%) have been isolated from several marine animals (starfish, zoanthid, mussel
and cod eggs) and plants (red algae). However, their roles and biogenesis in vivo
remain unknown. From their structural similarity and the variety of origins, the series
of compounds are supposed to be related to one another, probably originating from
shikimic acid, and to be distributed widely among numerous marine organisms. Pre-
liminary results of our survey on the distribution of mycosporine-like amino acids in

max
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Fig. 1. Structures of mycosporine-like amino acids 3—11 and the related substances 1 and 2 isolated from
marine organisms.
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marine organisms have shown that they are almost ubiquitous among algae and
invertebrates, suggesting that they have important réles in biological systems. Our
interest in mycosporine-like amino acids is focused on their compositions in marine
organisms and the structures of their biogenetically related metabolites. In the present
work, we describe a method for separation of mycosporine-like amino acids 3-10 and
for rapid determination of their compositions in marine organisms by using reversed-
phase high-performance liquid chromatography (HPLC).

EXPERIMENTAL

Chemicals

MCI gel CHP-20 (porous styrene polymer, 75-150 um; Mitsubishi), charcoal
(activated, chromatographic grade; Wako), acetic acid and ethanol (Wako) and
glass-distilled water were used.

Samples

Mycosporine-like amino acids 3-6, 9 and 10 were isolated from the ascidian
Halocynthia roretzi, and 7 was isolated from the starfish Asterina pectinifera as pre-
viously reported®!!. Substance 8 was kindly donated by Dr. Takano'°.

The seaweeds Geldium amansii and Codium fragile were collected at Misaki in
Kanagawa Prefecture in April, the scaweed Padina crassa and the sea sponge Haly-
chondira japonica at Okinawa Islands in May, the zoanthid Palythoa tuberculosa at
Ishigaki Island in May, and the mussel Mythilus edulis, the starfish Asterina pecti-
nifera and the ascidian Halocynthia roretzi at Asamushi in Aomori Prefecture in
November. The antarctic krill Euphasia sperba was obtained as frozen material.
Marine organisms were stored at —20°C until they were used.

Chromatographic apparatus and conditions

The HPLC apparatus consisted of an ALTEX pump Model 100A, a Rheodyne
injector Model 7125 equipped with a 20-ul loop, a JASCO spectrophotometer Model
UVIDEC-100I1I and a System Instruments Intelligent Integrator Model 7000A. The
prepacked columns used were MCI Hypersil ODS HY-5U (5 pum, Mitsubishi),
ALTEX Ultrasphere ODS (5 um) and Develosil ODS-3 (3 um, Nomura), 25 cm x
4.6 mm 1.D., and were eluted isocratically with dilute acetic acid. The mobile phase
was filtered and degassed by using a Nucleopore polycarbonate membrane with a
pore diameter of 0.2 um. Separations were carried out at room temperature (ca. 20°C)
or at a temperature controlled by a constant-temperature water-bath Thermo Elites
Model BH-41 equipped with Neocool Dip Model BD-11 (Yamato). Absorbance was
detected at 330 nm.

Preparation of samples for HPLC analysis

Samples for HPLC analysis were prepared as follows. The marine organism
(ca. 20 g) was homogenized and extracted three times with 70 %/ ethanol (40 ml). The
extract was evaporated o dryness in vacuo. The residuc was dissolved in 20 ml of
water and the UV spectrum of the solution was mcasured after dilution in water to a
convenient concentration. An aliquot (0.5-10 ml) of the solution, whose optical den-
sity was ca. 1 at around 330 nm when it was diluted in water to 40 ml, was applied on
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TABLE 1

RETENTION TIMES OF MYCOSPORINE-LIKE AMINO ACIDS ON THREE ODS COLUMNS
AT ROOM TEMPERATURE

Eluent: 0.1 %] acetic acid in water; flow-rate 1.0 ml/min.

Column Retention time .(min)

5 6 4 9
Hypersil 3.81 6.51 7.44 13.00
Ultrasphere 3.85 8.62 8.84 20.19
Develosil 4.39 9.04 2.39 10.26

a column of CHP-20 (5 cm x 7 mm [.D.), which was then eluted with water (15 ml).
The eluate was applied on a column of charcoal (3.5 x 1.5cm [.D.), which was eluted
with water (20 ml) and then with 50 % ethanol, monitoring the UV absorption. The
50 9 ethanol fractions showing UV absorption in the range 310-340 nm were col-
lected (50-100 ml) and evaporated to dryness in vacuo. The residue was dissolved in
500 ul of water and aliquots of the solution were used for HPLC analysis.

RESULTS AND DISCUSSION

Mycosporine-like amino acids 3-10 were eluted from a charcoal column by
addition of 509 ethanol to water, whereas substances 1, 2 and 11 could not be
recovered from the column even by use of higher contents of ethanol. On the other
hand, only substance 11 was absorbed on a column of CHP-20 and was eluted from
the column by addition of 10 9/ ethanol to water. For the HPLC analysis of mycospor-
ine-like amino acids, crude extracts of marine organisms were purified by a charcoal
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Fig. 2. Effect of the concentration of acetic acid in the mobile phase on retention times of mycospotine-like
amino acids 4-6 and 9. Column: Hypersil ODS (25 cm x 4.6 mm I.D.). Flow-rate: | ml/min. Room
temperature.

Fig. 3. Separation of mycosporine-like amino acids 3-10 on Develosil ODS column (25 cm x 4.6 mm
1.D.). Mobile phase: 0.02 % acetic acid in water; flow-rate, 1.0 ml/min. Temperature: 15°C.
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Fig. 4. Effect of temperature on retention times of mycosporine-like amino acids 3-10. Other conditions as
in Fig. 3.

Fig. 5. Chromatogram of mycosporine-like amino acids of the red alga Geldium amansii. Peak numbers
and chromatographic conditions as in Fig. 3.

column following a CHP-20 column. A mixture of components purified from each
extract was dissolved in water and aliquots (1-20 ul) of the solution were injected for
HPLC analysis.

The separations of mycosporine-like amino acids were carried out on reversed-
phase columns using isocratic elution with dilute acetic acid. The retention times of
amino acids 4-6 and 9 were obtained on three different columns under identical
solvent and flow conditions at room temperature (Table I). The retention time of 4 on
Develosil ODS was much shorter than those on the other two columns. The difference
may result from different amounts of free silanol groups. However, the substances 5,
6 and 9 were eluted in the same order from the three columns, according to their
hydrophobic properties.

On Hypersil ODS, maximum retentions of 5, 6 and 9 were obtained at 0.2
acetic acid, whereas that of 4 was achieved at 0.059%, acetic acid (Fig. 2). The dif-
ference is due to the presence of two carboxyl groups in substances 5, 6 and 9 but only
one in 4.

Complete separation of substances 3-10 was achieved with Develosil ODS

ABSORBANCE

0 10 20 30
TIME(MIN)
Fig. 6 Chromatogram of mycosporine-like amino acids of the antarctic krill Euphasia sperba. Peak num-

bers and chromatographic conditions as in Fig. 3.
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TABLE I1
COMPOSITIONS OF MYCOSPORINE-LIKE AMINO ACIDS IN MARINE ORGANISMS

Relative molar ratio

3 4 7 8 5 6 9 10

Alga
Rhodophyceae

Geldium amansii s 1.0 9.5 - 23 - — —
Chlorophyceae

Codium fragile - 1.0 0.1 - 0.1 1.3 — -
Phaeophyceae

Padina crassa - 1.0 0.9 LS 15 94 - —
Invertebrate
Porifera

Halychondria japonica — 1.0 0.1 <0.1 0.2 0.1 <0.1 —
Coelenterate

Palythoa tuberculosa  0.07 1.0 - 0.03 - — - -
Arthropoda

Euphasia speba - 1.0 0.1 <0.1 1.9 3.8 0.4 0.6
Mollusca

Mythilus edulis 0.2 1.0 0.1 - 2.4 0.9 0.2 —
Echinodermata

Asterina pectinifera 0.2 1.0 0.2 <0.1 <0.1 — - -
Protochordata

Halocynthia roretzi 6.8 1.0 <0.1 <0.1 0.6 0.9 0.3 <0.1

using 0.02 9 acetic acid as mobile phase at 15°C (Fig. 3). As shown in Fig. 4, their
retentions depended on temperature to different extents, and baseline separation of
each peak was obtained at 15°C. Under these conditions, substances 310 were sep-
arately eluted in order of their hydrophobic properties, from 4 of the lowest hydro-
phobicity to 10 of the highest, within 30 min.

HPLC analyses of mycosporine-like amino acids in about 40 marine organisms
were carried out under the optimum conditions described above and good separations
were obtained in all cases. In Figs. 5 and 6 are displayed chromatographic profiles of
the red alga Geldium amansii and the antarctic krill Euphasia sperba, respectively.
Each peak was identified by comparing the retention time with that of an authentic
sample and the amount of each substance was determined on the basis of the peak
area obtained by an integrator. Some of the results are summarized in Table II. The
data show that substance 4 is contained in all the organisms examined and occurs as
the main component in several organisms.

The wide distribution of these mycosporine-like amino acids could be ex-
plained in terms of the food chain. The differences in their compositions may result
from differences in the biological systems (cf., metabolism) of the marine organisms.
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Most biosubstances have electron-donating groups such as an amino group or
a heterocyclic group containing a nitrogen atom'. Thus, it is expected that the use of a
polymeric adsorbent containing an electron acceptor which specifically interacts with
the electron donating groups will enable the separation of the biosubstances. Such
methods using the so-called charge-transfer interaction between electron donor and
acceptor have mainly been investigated in organic media®>®*. Porath and co-work-
ers>~ studied charge-transfer interaction chromatography in aqueous media. How-
ever, the contribution of the charge-transfer interaction between substrates and ad-
sorbents has not been clearly established.

In this article, chromatography of amino acids in aqueous media using a poly-
meric adsorbent containing the dinitrophenyl group, which is a strong electron accep-
tor, has been studied, and the interactions between the adsorbent and amino acids are
disciissed with attention centered on the charge-transfer interaction.

EXPERIMENTAL

Syntheses of polymeric adsorbents
The polymeric adsorbents were synthesized according to the following scheme:

NH - ; ;
02N©c] thiourea, , N©scf Her O s 02N©SH MMAOZNQSCH CHCH
N

2N,
H b
no, no, M No,, o,
Sephadex 7
Y AN N@SCH CHCH 0{? éephade" : DNP-Sephadex
BF 4-EL,0

_ Sephadex %-OH
©SH _epichlorohydrin, SCH,, CHCH G-25 SCH,CHEH 0 Sephadex . p_soohadex
29 Bry et G-25

The degrees of substitution of Sephadex (Pharmacia; cross-linked dextran) by dini-
trophenyl (DNP) and phenyl (P) groups were 140 and 170 gmol per gram of dry
adsorbents respectively, as determined by elemental analysis. Unsubstituted Seph-
adex was used as a control adsorbent.

0021-9673/82/0000-0000/802.75 © 1982 Elsevier Scientific Publishing Company
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Chromatography of amino acids
The polymeric adsorbents were packed into a glass cotumm (20 x 0.5 cm L.D.)
by the slurry method, the temperature being kept constant by a thermostat. The
column was equilibrated with an eluent, the total bed volume being 4.0 ml in each
case. A 0.5-ml volume of sample solution was introduced into the column and eluted
at a rate of 4.0 ml/h. Three amino acids, tryptophan (Trp), tyrosine (Tyr) and phenyl-
alanine (Phe), were used as substrates. The concentrations of amino acids in the
-eluate were determined spectrophotometrically at 280 nm (Trp), 276 nm (Tyr) and
259 nm (Phe).

RESULTS AND DISCUSSION

Fig. 1 shows the elution patterns of Trp on these polymeric adsorbents at 10°C.
The elution volumes, Vg, of Trp on DNP-Sephadex, P-Sephadex and Sephadex were
7.9, 7.5 and 6.5 ml, respectively. In general, an elution parameter, K, is defined by
following equations

VE:VO+KdVl
Ve=Vyo+ V1 + Vg

where V', = void volume, V; = internal volume, V; = total bed volume and V=
gel volume'®'!, When the retention of a substrate is only caused by molecular siev-
ing, 0 < K; < 1. From Fig.' I, however, the values of K; were obviously larger than
1.0 for all the adsorbents used, because the value of V1 was 4.0 ml. Therefore, it is
considered that the retention of Trp may be caused by other interactions in addition
to molecular sieving, and the intensity of the interactions between the adsorbents and
Trp decreases in the order DNP-Sephadex > P-Sephadex > Sephadex.

In order to examine the influence of temperature on the retention of Trp, the
chromatography was carried out at different temperatures between 10°C and 70°C.
Fig. 2 shows the relation between the value of V/V; and the elution temperature. The
value of Vi/V; is used instead of K, as a measure of the retentive power of adsorbents
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Fig. 1. Chromatography of tryptophan on DNP-Sephadex (O), P-Sephadex (A) and Sephadex (O) at
10°C in 0.07 M phosphate buffer at pH 7.0.

Fig. 2. Temperature dependence of the values of Vy/V; for tryptophan on DNP-Sephadex (O), P-Seph-
adex (A) and Sephadex ([1) in 0.07 M phosphate buffer at pH 7.0.
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Fig. 3. Relation between the values of V/Vy for tryptophan and ethylene glycol content of the eluent at
10°C on DNP-Sephadex (O), P-Sephadex (A) and Sephadex ([0).

since the relation between Vy/V; is K, is linear, and the larger this value is the
stronger is the retentive power®. It was found that the values of ¥/ V; increased in the
order Sephadex < P-Sephadex < DNP-Sephadex in the temperature range 10-70°C,
and they gradually decreased with increasing temperature.

When column chromatography using hydrophilic gels is carried out, normal
retention forces such as hydrogen bonding and van der Waals forces are weakened by
a rise in temperature, owing to a decrease in enthalpy'?. In the present case, the value
of Vg/V; decreased drastically at about 50°C. According to Némethy!*, hydrophobic
interactions become weaker at temperatures greater than 58°C because the ordered
structure of water is broken down. Therefore, it is considered that the drastic change
was caused by a decrease of the hydrophobic interaction between Trp and the ad-
sorbents, i.e., hydrophobic interactions are probably involved in the retention of Trp.

The decrease in the values of V/V; for Trp when an ethylene glycol (EG) was
added to the eluent is indicated in Fig. 3. Since an EG disrupts the ordered structure
of water, this again suggests that the decrease in Vi/V; is due to a decrease in the
hydrophobic interaction between Trp and the adsorbents. The difference between the
values of Vg/V; on DNP-Sephadex and on P-Sephadex was nearly the same with or
without EG, and in the case of 100 % EG —where there is no hydrophobic interac-
tion— the value of Vi/V on P-Sephadex is the same as that on Sephadex; the value
of Vg/V: on DNP-Sephadex is large. From these results, the retentive power of P-
Sephadex, which is larger than that of Sephadex in aqueous media, seems mainly due
to the hydrophobic interaction between the phenyl groups and Trp. Moreover, it is
suggested that the retentive power of DNP-Sephadex for Trp is enhanced compared
with that of P-Sephadex by the introduction of the nitro groups.

In order to investigate the contribution of electrostatic interactions, the chro-
matography on DNP-Sephadex was carried out at 10°C and various pH values. The
results are shown in Fig. 4. The values of V/V; were constant in the range pH 2.5~
7.5, but decreased at pH > 7.5 or < 2.5 where Trp was negatively or positively
charged, respectively. Thus, if the elution is carried out at a pH near the isoelectric
point of Trp (5.89), the influence of electrostatic interactions is negligible.

Fig. 5 shows the elution pattern of an artificial mixture of Trp, Tyr and Phe on
DNP-Sephadex. The elution volume increased in the order Phe < Tyr < Trp. The
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Fig. 4. pH dependence of the values of Vy/V; for tryptophan on DNP-Sephadex at 10°C.

Fig. 5.” Chromatography of an artificial mixture of tryptophan (Trp), tyrosine (Tyr) and phenylalanine
(Phe) on DNP-Sephadex at 10°C in 0.07 M phosphate buffer at pH 7.0.

electrostatic interaction between DNP-Sephadex and the amino acids was negligible,
because these amino acids are not charged (pH 7.0).

The values of hydrophobicity!4, energy of the highest occupied molecular or-
bital (HOMO), which is a measure of the electron-donating ability'®, and Vy/Vy
obtained from Fig. 5 are listed in Table I. The order of the hydrophobicity is Tyr <
Phe < Trp, so that the order of the values of V/Vy, Phe < Tyr < Trp cannot be
explained only by the hydrophobic interaction. Therefore, the introduction of nitro
groups into the adsorbent considerably affects the separation of amino acids. On the
other hand, the order of the electron-donating ability of these amino acids —the
lower the energy of the HOMO is the stronger is the donating ability—— agreed with
the order of Vy/V;. Moreover, the dinitrophenyl group introduced into DNP-Seph-
adex is a very strong electron acceptor. From these results, it is suggested that the
effect of the nitro groups observed in the case of DNP-Sephadex is based on the
charge-transfer interaction.

TABLE I
PHYSICAL PROPERTIES OF AROMATIC AMINO ACIDS

Phenylalanine Tyrosine Tryptophan
Hydrophobicity'# (cal/mol) 2500 2300 3400
Energy of HOMO?'? 0.908 0.792 0.534
Vi Vok 0.91 1.07 1.91

* Calculated from the result in Fig. 5.

In conclusion, the charge-transfer interaction and the hydrophobic interaction
play an important rdle in the chromatography of amino acids on polymeric ad-
sorbents containing the dinitrophenyl group as a ligand.
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The detection of N-acetyl amino acids is not easily accomplished by the nin-

hydrin procedure' due to the presence of a blocked amino group. Also, other tech-

. niques specific for certain acetyl amino acids such as bromophenol in ethanol and
potassium permanganate proved to be unsatisfactory?. However, more elaborate
procedures such as synthesis “in vitro” of radiolabelled N-acetyl amino acids® have
been used as standards in paper chromatography*.

A thermal-UV procedure for the detection of a large variety of organic com-
pounds after paper chromatography has recently been reported®. The application of
this method to the detection of N-acetyl amino acids is described in this paper. We
also report the application of the thermal-UV procedure after thin-layer chromato-
graphy (TLC) with high recovery of the sample.

MATERIALS AND METHODS

N-Acetyl amino acids were detected either after ascending paper chromatogra-
phy or high-voltage electrophoresis. The former method was performed with What-
man No. | paper using the following solvent systems: (A) pyridine-1-butanol-acetic
acid-water (15:10:3:12)%; (B) l-propanol-12%, ammonium hydroxide (3:1); (C) 1-
propanol-methyl ethyl ketone-25 %, formic acid (15:3:2)".

High-voltage electrophoresis was carried out in pyridine-acelic acid-water
(1:10:189), pH 3.5, at 35 V/em for 90 and 20 min for N-acetyl amino acids and
phospho amino acids respectively.

TLC was carried out using the following solvent systems: (D) acetone—

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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benzene-35 Y, ammonium hydroxide-water (200:50:1.35:1) and (E) I-butanol-pyri-
dine-water (6:4:3).

After each run the paper or the plate was dried and developed according to
Alperin et al.®; in the latter case an oven was used instead of a domestic iron.

[U-"*C]Glucose (250 Ci/mol) was purchased from New England Nuclear
(Boston, MA, U.S.A.). All N-acetyl amino acids, phospho amino acids and amino
acids were purchased from Sigma (St. Louis, MO, U.S.A.). Silica gel glass plates were
Kieselgel 60 from E. Merck (Darmstadt, G.F.R.) and silica gel coated sheet from
Eastman-Kodak (Rochester, NY, U.S.A.). Glass microfibre filters were Whatman
GF/C. Toluene-PPO (2,5'-diphenyloxazole) was used for radioactivity measure-
ments in a Beckman Model 8100 liquid scintillation spectrometer. All other pro-
cedures were as previously described®.

RESULTS AND DISCUSSION

Detection of N-acetyl amino acids on paper chromatograms

About 1 umol of N-acetyl derivatives of lysine, valine, glutamic acid, alanine
and methionine was spotted on paper and chromatographed using solvent system A
during 30 h as described in Materials and methods. After the run, the paper was dried
and developed by the thermal-UV method. All the N-acetyl amino acids gave a
detectable fluorescent spot as shown in Fig. 1. A sensitivity test was performed using
N-acetylserine. It was found that up to 0.25 umol/cm? could be detected after chro-

Fig. 1. Detection by the thermal-UV method of N-acetyl amino acids after paper chromatography using
solvent system A. The spots correspond to about 1 umol/cm? of the following compounds: 1 = N-ac-
etylvaline; 2 = N-acetyllysine; 3 = N-acetylglutamic acid; 4 = N-acetylalanine; 5 = N-acetylmethionine.
6,7 and 8 represent 1, 0.5 and 0.25 ymol/cm? of N-acetylserine respectively. Spots 1 and 5 migrated 11 and
22 cm from the origin respectively.
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TABLE I

Rr AND Ry, VALUES OF N-ACETYL AMINO ACIDS, PHOSPHO AMINO ACIDS AND AMINO ACIDS IN
PAPER CHROMATOGRAPHY AND ELECTROPHORESIS

All the compounds were detected by the thermal-UV method. Ry, = mobility relative to N-acetylserine.

Compound Rp* Ry s** Compound Rp* Ryas**
N-Acetylserine 0.63 1.0 Serine 0.39 —
N-Acetylalanine 0.92 — Alanine 0.47 —
N-Acetylglutamic acid 0.76 - Glutamic acid 0.37 0.39
N-Acetylaspartic acid 0.65 - Aspartic acid 0.26 0.72
N-Acetyllysine 0.61 0.21 Lysine 0.33 —
N-Acetylmethionine 0.83 0.86 Methionine 0.68 -
N-Acetylglycine 0.72 0.95 N-Acetylhistidine - 0.03
N-Acetylleucine - 0.61 N-Acetylphenylalanine - 0.73
N-Acetylproline 0.82 1.13 N-Acetyltyrosine = 0.69
N-Acetylvaline 0.47 0.73 Phosphotyrosine - 1.37
O-Phosphothreonine — 1.68 Threonine 0.48 —
O-Phosphoserine 0.18 1.80 Serine 0.39 -

* Paper chromatography in solvent system A.
** Paper electrophoresis as described in Materials and Methods. About 0.5 umol/em? of each substance has been
used.

matography (Fig. 1). In addition, other N-substituted amino.acids and phospho
amino acids were detected by this method (Table I). Detection was also accomplished
after high-voltage paper electrophoresis as described®.

As mentioned before, the presence of blocked amino groups does not allow the
ninhydrin reaction. As far as we know, at present, no other satisfactory chemical
methods are available to detect N-acetyl amino acids on paper chromatograms. The
use of radiolabelled acetyl amino acids as standards in paper chromatography is. an
elaborate and expensive procedure*. The thermal-UV method overcomes these dif-
ficulties, being an extremely simple technique.

To evaluate the recovery of the compound after heating, the following experi-
ment was performed. About 1 umol of N-acetylserine was spotted and chromato-
graphed using solvent system B. After the run, the paper was dried and heated until
the fluorescent spot had developed. Subsequently, the paper was run in the second
dimension using solvent system C. In this case N-acetylserine and serine were used as
standards. After chromatography the paper was developed again by heating and it
was observed that the sample migrated as authentic N-acetylserine whereas no spot
was visualized migrating at-the position of serine. In addition the fluorescent spot
detected in the first dimension remained at its original position (not shown).

Detection of sugars on thin-layer chromatograms

The present method was also applied for the detection of compounds after
TLC. About 20,000 cpm of ['*Clglucose were spotted together with 1 pmol of the
same unlabelled compound on a silica gel coated sheet (Eastman-Kodak). Chromato-
graphy was carried out using solvent system E. After the run, the chromatogram was
heated for 3 min at 135°C in an oven until a yellow fluorescent spot was observed
under UV light. Subsequently, the layer was run in the second dimension-using-the
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same solvent system. After the run, the plate was dried and heated as above. A new
yellow spot was observed which was cut out and processed for liquid scintillation
counting. It is noteworthy that the R, of the sample was the same in both runs and the
recovery of the original radioactivity was about 879/,

This method has recently been applied for the detection of methyl glucosides
after TLC on silica gel glass coated plates® (Kieselgel 60, Merck). Two methyl gluco-
sides (2, 3, 4, 6-tetramethylglucose and 2, 3, 4-trimethylglucose) were chromatograph-
ed using solvent system D. After the run, the plate was heated for 10 min at 140°C in
an oven and two fluorescent yellow spots were observed. The eluted samples revealed
similar chromatographic behaviour to the authentic standard compounds when run
under the same conditions as before. Thus, in this case the advantages of TLC to-
gether with the thermal-UV detection method allow the possibility of further analysis
of the recovered compounds.

The fluorescence phenomena

It has been observed that after heating the paper at constant temperature
(150°C) for 1-3 min only UV fluorescent spots appeared. If the heating was continued
for 3-6 min the fluorescence decreased and dark visible spots could be seen. After
further heating the fluorescence disappeared and maximal contrast in the visible spots
was achieved. At present, we are not able to determine whether cancellation or quench-
ing occurred during heating. Similar results were obtained using higher tempera-
tures. As mentioned before, fluorescent spots cannot be removed from the paper
matrix using water, organic solvents or several chromatographic solvent systems®.

With several compounds initial heating to develop fluorescence revealed a light
blue colour under UV light (366 nm). This phenomenon appeared to be independent
of the nature of the compound tested. However, the appearance of fluorescence takes
place near the decomposition temperature of any given substance. The same light
blue fluorescence occurred when the paper matrix without sample was heated at
approximately its decomposition temperature (260-270°C). In contrast, when the
substance was spotted on silica gel (Kieselgel 60) or glass microfibre filters and heated,
the colours of the fluorescende generated depended only on the nature of the sub-
stance used. These results may suggest an interaction between the substance and the
paper matrix, possibly due to a differential absorption of heat. Thus, a higher tem-
perature is produced on the area where the compound is present when the paper is
heated, and results in the appearance of the characteristic light blue fluorescence of
the paper.
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~ The dipeptide 3,5,3",5-tetraiodo-L-tyrosyl-L-tyrosine (I, Tyr-I,Tyr) has been
extracted from trypsic digests of bovine thyroglobulin and investigations conducted
in our laboratory have shown that this sequence forms part of the primary structure
of thyroglobulin®. “In vitro” experiments demonstrated that I, Tyr-I,Tyr led to syn-
thesis of the iodothyronines by a mechanism involving a cyclic agent without
breaking the peptide bond?3. This suggested that tyrosyltyrosine sequences in thyro-
globulin might be hormonosynthesis sites “in vivo”. To check this hypothesis we
studied the ““in vitro” enzymatic iodination of synthetic peptides which include the
tyrosyltyrosine sequence. The iodination led to-a mixture of iodotyrosines, iodinated
derivatives of tyrosyltyrosine and iodothyronines. Previously we described a pro-
cedure allowing the complete separation of these compounds by column chromato-
graphy on Bio-Gel P-2*. However, this technique is limited in application due to the
24 h needed for a single analysis.

Recent developments in chromatography have yielded highly efficient reversed-
phase columns employing ion-pair partition. In 1978 Hearn ez al.” described a proce-
dure for the analysis of thyroidal iodoamino acids by hydrophilic ion-pair reversed-
phase high-performance liquid chromatography (RP-HPLC). This method permits the
rapid separation of a mixture of iodinated compounds, by use of a chemically bonded
C, 3 hydrophobic support as the stationary phase and water—organic solvent mixtures
containing phosphoric acid or other ion-pairing reagents as the mobile phase.
Burman et al.% measured serum thyronines by column chromatography on puBonda-
pak C,4 with a linear gradient of 25 to 90 % acetonitrile in 0.025 M sodium acetate
buffer, pH 4.

Neither method allowed a convenient separation in our particular case, but
using a similar approach, we have developed a method for the rapid chromatographic
analysis of the iodinated compounds of L-tyrosyl-L-tyrosine by reversed-phase pat-
tition HPLC.

0021-9673/82/0000-0000/$02.75 © 1982 Elsevier Scientific Publishing Company
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Apparatus

An Altex (Chromatem, Touzart et Matignon, France) HPLC system equipped
with two C380 solvent delivery pumps and a 420 Altex solvent programmer was
coupled to a UV absorbance detector operated at a wavelength of 254 nm and/or to a
Berthold LB 5026 radioactivity detector and to a double-channel chart recorder.

Reagents

All solvents were AnalaR grade. Methanol supplied by E. Merck (Darmstadt,
G.F.R.) was further bidistilled. Potassium dihydrogen phosphate and orthophos-
phoric acid- were supplied by Riedel de Haen (Hannover, G F.R.). The ivdvaming
acids, monoiodotyrosine (ITyr), diiodotyrosine (I,Tyr), triiodothyronine (T,) and
thyroxine (T,), were obtained from Sigma.

Iodinated derivatives of L-tyrosyl-L-tyrosine (Tyr-Tyr) were synthesized in the
laboratory by coupling with dicyclohexylcarbodiimide (DCC) the N-carboxybenzoxy
(Cbzo) derivatives’ of L-tyrosine (Tyr), 3-iodo-L-tyrosine (ITyr) and 3,5-diido-L-ty-
rosine (I, Tyr) with their methyl ester analogues®. Eight compounds were obtained:
ITyr-Tyr, Tyr-ITyr, L, Tyr-Tyr, Tyr-1,Tyr, ITyr-ITyr, ITyr-1, Tyr, I, Tyr-ITyr and
L, Tyr-I,Tyr. ;

1231T, and '?°IT, were obtained from NEN; their specific activity was 100-150
uCijug. ***ITyr and '?°1,Tyr were synthesized and labelled with '2°I by the Chlo-
ramine T method?; their specific activity was 100 uCi/ug. Todinated derivatives of r-
tyrosyl-L-tyrosine were labelled by isotopic exchange with unlabelled compounds;
their specific activity was 10-20 uCi/ug.

Procedure

A 30 x 0.47 cm I.D. column was packed with 10-um LiChrosorb RP-18
(Merck). The mobile phase used successively consisted of four buffers:

buffer 1: 59 to 809, methanol gradient in 0.1 M KH,PO, containing 0.1,
H;PO,; buffer 2: 30 9 methanol in 0.02 M KH,PO, + 0.1% H,;PO,; buffer 3: 50%
methanol in 0.02 M KH,PO, + 0.1% H;PO,; buffer 4: 209 to 40% methanol
gradient in 0.02 M KH,PO, + 0.1% H;PO, for 8 min, 409, to 50 %, for § min and
509 to 70 % for 8 min.

A flow-rate of 2 ml/min was maintained at a pressure of 800-1000 p.s.i. All
separations were performed at ambient temperatures. The sample injections were
made with Hamilton syringes (0.10 ul or 0.50 ul) by a Rheodyne injector with a 100-ul
loop. Samples of the iodinated compounds were diluted in the first buffer system.
The concentrations varied between 20 and 50 ug per 10 ul. The radioactivity of each
compound was 0.05 pCi (maximum sensitivity of the detector 0.005 uCi). Simul-
taneously, the variations of optical density at 254 nm and the radioactivity in the
eluate were measured.

RESULTS AND DISCUSSION

Fig. |1 shows the separation of a mixture containing 1Tyr, 1, Tyr, iodinated
derivatives of Tyr-Tyr, T, and T,, labelled with *°T. In this preliminary experiment,
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Fig. |. Separation of a standard solution of iodide (1), ITyr (2), I, Tyr (3), iodinated derivatives of Tyr-Tyr
(4). T; (5) and T, (6). Mobile phase: 5% to 809, methanol gradient in 0.1 A KH,PO, containing 0.1 %]
H,PO, for 20 min. Flow-rate: 2.0 ml/min on a column (30 x 0.47 cm 1.D.) of LiChrosorb RP-18.

elution was performed as described by Hearn et al.* using a 20-min linear gradient of
5% to 809 methanol in 0.1 M KH,PO,, containing 0.1 % H,;PO, as ion-pairing
reagent. A good separation of ITyr, [, Tyr, T; and T, could be achieved but this
elution system did not resolve adequately the mixture of iodinated derivatives of Tyr-
Tyr. With a concentration in methanol higher than 60 %, in 0.1 M KH,PO,, we noted
the appearance of crystals which disturbed the elution. The crystals did not appear
when the concentration of KH,PO, was below 0.02 M whatever the concentration of
methanol. Under these conditions, ITyr is eluted at 259 methanol, I, Tyr at 409,
iodinated derivatives of Tyr-Tyr between 45 and 559, and T; and T, at 60 and 70
respectively.

radioactivity

retention
5 10 15 20 25 30 35 time (min)

Fig. 2. Separation of iodide (1), [Tyr (2), I, Tyr (3) and Tyr-Tyr) (4) by isocratic elution with 305
methanol in 0.02 M KH,PO, containing 0.1%, H;PO,. Other conditions as in Fig, 1.
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Fig. 3. Separation of iodide (1), ITyr (2), I, Tyr (3), I{Tyr-Tyr) (4), I,(Tyr-Tyr) (5), 15(Tyr-Tyr) (6) and
1, Tyr-1, Tyr (7) by isocratic elution with 50 % methanol in 0.02 M KH,PO, containing 0.1 % H,PO,. Other
conditions as in Fig. 1.

The elution of iodinated compounds with three different concentrations of
methanol was then examined. Fig. 2 shows an isocratic elution with buffer 2. ITyr is
well separated from I, Tyr, but only monoiodinated derivatives are eluted and with
poor peak shapes due to the long retention time of 30 min. This eluent does not allow
the separation of the more highly iodinated derivatives of Tyr-Tyr.

Fig. 3 shows an isocratic elution with buffer 3. Under these conditions, ITyr
and I, Tyr are poorly separated but a good separation of four peaks of the iodinated
derivatives I(Tyr-Tyr), 1,(Tyr-Tyr), I;(Tyr-Tyr) and I, Tyr-I,Tyr can be obtained.
lodothyronines are not eluted. From these chromatograms we can conclude that iodin-

radioactivity

i
retention

7 14 21 time(min)

Fig. 4. Separation of iodide (1), ITyr (2), I, Tyr (3), (Tyr-Tyr) (4), ITyrITyr (5), L,(Tyr-Tyr) (6), L;(Tyr-
Tyr) (7), I, Tyr-I, Tyr (8), T, (9) and T, (10). Gradient elution in 0.02 M KH,PO, containing 0.1 %, H;PO,:
20-40Y% methanol for 8 min, 40-50 % for 8 min and 50-70 % for 8 min. Other conditions as in Fig. 1.
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TABLE 1

RETENTION TIMES OF IODOTYROSINES, IODOTYROSYLTYROSINES AND IODOTHYRO-
NINES IN METHANOL MOBILE PHASES

Compound Retention time %, Methanol in 0.1 M
(min) KH,PO, + 0.1% H,PO,
lodide 24 25
ITyr 6.3 36
I, Tyr 9.7 42
I(Tyr-Tyr) 12.1 45
ITyr-ITyr 14.5 48
L(Tyr-Tyr) 15.2 49
I5(Tyr-Tyr) 16.6 52
I, Tyr-I,Tyr 18.6 56
T, 20.5 62
T, 23.2 68

ated derivatives of Tyr-Tyr have a polarity in between that of iodotyrosines and
iodothyronines. In order to obtain an optimal separation of these compounds, we
chose a 20-40 Y, methanol gradient in 0.02 M KH,PO, + 0.1%, H;PO, for § min,
then 40-50 9, methanol for 8 min and 50-70 %, methanol for 8 min. A good separation
(Fig. 4) was obtained of: I, ITyr, I, Tyr, I(Tyr-Tyr), ITyr-ITyr, I, Tyr-Tyr + Tyr-
[, Tyr, I5(Tyr-Tyr), L, Tyr-I, Tyr, T; and T,. The clution times and methanol concen-
trations are listed in Table I.

With this procedure, we are able to separate the iodinated derivatives of L-
tyrosyl-L-tyrosine from iodotyrosines and iodothyronines in 24 min. This method
should be suitable for quantifying the reaction products of “in vitro” iodination of
synthetic peptides in order to elucidate the biosynthesis mechanism of iodothyronines
applicable to thyroglobulin.

Application of this procedure associated with a derivatization method such as
dansylation®*© will be of considerable value for the identification and the dosage of
putative derivatives of L-tyrosyl-L-tyrosine in human blood.
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lon-suppression reversed-phase liquid chromatographic determination
of acetate in brine

NORMAN E. SKELLY

Analytical Lubuvratories, 574 Building, The Dow Chemicul Company; Midland, MT 48640 (U.S.4.)

(Received August 5th, 1982)

With the chemical industry ever increasingly going to closed-loop plants, re-
circulation of aqueous streams, including brine, is practiced. Build-up of organic
impurities such as acetate in recycle streams, frequently must be closely monitored.
There is a lack of methodology for the measurement of acetate, as acetic acid, in such
a matrix. The determination of acetic acid in rainwater was accomplished by gas
chromatography' and by isotachophoresis? in silage. Other methods employ steam
distillation followed by titration® and column chromatography with titration*. Ion
chromatography® can also be applied; however, the high salt concentration limits
sensitivity. Richards® chromatographed acetate and other weak organic acids using
an eluent of dilute sulfuric acid and an ion-exchange column. However, the system
required long analysis time and is complicated by the soft resin settling in the column.
Therefore, a rapid and specific method requiring no sample treatment was needed.

EXPERIMENTAL

Acids were obtained from either Eastman Organic Chemicals or J. T. Baker,
and used without further purification. Whenever ACS reagent requirements were ap-
plicable, compounds of that quality were employed.

Equipment

The liquid chromatograph consisted of an LDC UV III Monitor (1203) with a
214-nm source; a Waters Assoc. M-45 pump; a Rheodyne 7120 injection valve with
20-ul loop; a Sargent-Welch SRG recorder; a Systems I (Spectra-Physics) computing
integrator; and a Whatman Partisil 5 ODS-3 RAC 10 cm x 9.4 mm I.D. column
(minimum 90,000 plates per meter) protected with a 5cm x 2.1 mm I.D. precolumn
containing Waters Assoc. pellicular pBondapak C,4/Corasil.

Calibration solution

A 20 % (w/w) aqueous solution of a sodium chloride brine was prepared. With
a 100-pl syringe, 100 ul of glacial acetic acid (density 1.049) was added to 105 g
of the brine solution. This gave a standard solution containing 1000 ppm acetic acid
(983 ppm as acetate ion).
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Standard Sample

1000 ppm acetic acid
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Fig. 1. Liquid chromatogram of sample and standard for the determination of acetate in brine according
to the liquid chromatographic conditions described in the text.

Chromatographic conditions

The mobile phase was 0.01 N aqueous sulfuric acid prepared with water from a
Milli-Q water purification system. The flow-rate was 2 ml/min (400 p.s.i.g.); injection
volume, 20 ul; detection wavelength, 214 nm; and attenuation, 0.064 a.u.f.s. for
typical analyses, and 0.008 to obtain high sensitivity.

Procedure
Without any sample pretreatment, 20 ul of the brine is injected and chromato-
graphed as described above. '

RESULTS AND DISCUSSION

Fig. 1 illustrates the measurement of acetate, as acetic acid, in a commercial
20 % sodium chloride brine. The sodium chloride emerges at the column void volume.

This analysis has been carried out over an eight-month period using the same
column. Minimal column degradation has been observed as indicated by less than a
10 9, decrease in peak height. Eluent was pumped continuously five days a week, 24
hours a day, on recycle. Fresh eluent was prepared monthly.

Because of the high polarity of the acetic acid molecule, it is important that the
columns have an efficiency of > 90,000 plates/meter. Also, adsorption effects must be
at a minimum; therefore, column packings having significant amounts of free hydrox-
yl sites cannot be tolerated.
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TABLE I

NOTES

RETENTION TIMES AND SENSITIVITIES FOR VARIOUS WEAK ACIDS BY ION-SUPPRES-
SION REVERSED-PHASE LIQUID CHROMATOGRAPHY

tp (min) Sensitivity (ng)*
Void volume 2.0
Oxalic acid S.F A+
Lactic acid 2.6 0.2
Glycolic acid 2.6 0.1
Formic acid 2.8 0.2
Pyruvic acid 3.1 0.02
Malonic acid 33 0.04
Acetic acid 3.6 0.1
Monochloroacetic acid 4.8 0.5
Dichloroacetic acid 4.9 0.1
Maleic acid 5.0 0.006
Fumaric acid 5.9 0.004
Acrylic acid 6.1 0.06
Propionic acid 6.8 0.4
3-Chloropropionic acid 8.5 0.2
Trichloroacetic acid 8.9k 0.1
2-Chloropropionic acid 10.9%%x 1.0
2,3-Dichloropropionic acid 11.6%%* 0.5
2,2-Dichloropropionic acid 12.4%%% 0.5
Methacrylic acid 18.5 0.04

* Amount in a 20-ul injection and 3 times signal-to-noise ratio.

** Excessive tailing.
***x Moderate tailing.

In Table I are the retention times and sensitivities for a number of weak acids.
Fig. 2 illustrates the separation of a select number of these acids.
Retention times for the more strongly retained acids can be shortened by the

addition of 59 acetonitrile to the mobile phase.

0.002 AU

I 1 1
10 15 20

Time (Minutes)

Fig. 2. Liquid chromatogram of weak acids according to conditions described in the text. Sample: 20 ul of
a solution containing (a) 200 ppm glycolic acid, (b) 100 ppm malonic acid, (c) 190 ppm acetic acid, (d) 85
ppm dichloroacetic acid, (¢) 1 ppm fumaric acid, (h) 320 ppm propionic acid and (g) ! ppm methacrylic
acid.
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TABLE I1
PRECISION OF ACETATE IN BRINE MEASUREMENT

Amount acetate (ppm)

Day | 417
416
419
416
416

Day 2 414
416
413
416
414
Mean 415.7
Standard deviation L5
Coeflicient of variation +04Y%

Lactic and glycolic acids, because of their proximity to the solvent front, are
not measurable in 20 9 brine. For this same reason and because of excessive tailing,
oxalic acid cannot be measured under these conditions.

Acids other than acetic have not been specifically measured in the presence of
brine. However, it should be entirely possible to make such measurements.

Acetic acid was found to be linear from 10 to 5000 ppm in both area and peak
height.

The column efficiency for acetic acid was studied as a function of eluent pH.
With the 0.01 N sulfuric acid eluent (pH 2.2), the column gave 5048 theoretical plates;
for a buffer of pH 3.5, it was 4986; and at pH 5.15, it fell to 822. As expected with an
eluent buffer of pH 7.1, the acetic acid was not retained and came off at the column
void volume.

The precision of the analysis was determined by measuring the acetate concen-
tration five times on each of two consecutive days. Results are given in Table II.

This method can also be applied to calcium chloride brines. However, bromide
containing brines cannot be analyzed for acetate because bromide is a strong ultra-
violet absorber, and does not sufficiently clear the column before emergence of the
acetate.
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High-performance liquid chromatography of 12-dodecanelactam and
its cyclic oligomers present in polyamide 12
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(Received July 20th, 1982)

The equilibrium product of polymerization of lactams contains, in addition to
the unreacted monomer, also linear oligomers and, in particular, cyclic oligomers:

Lx=1,n=0

NH—(CH3), —CO I w=1
<[CO—-(CH2)X ——NH]? 111, n=2
Iv, n=3

v, n=4

Most attention has been paid to the analysis of the cyclic oligomers formed in
polymerization of e-caprolactam (x = 5)*. There are few data on the cyclic oligomers
of other lactams. Zahn and Gleitsmann?® were the first to report the cyclic dimer (II)
and trimer (II) of 12-dodecanelactam (I). Mori ez al.® described the determination
of cyclic oligomers of lactam I by gas chromatography after their previous reduction
with LiAlH, in tetrahydrofuran (THF) solution. In industrial samples of polyamide
12, the contents of compounds I, II and ITI were 0.33, 0.94 and 0.25 9 (w/w), while the
total amount of compounds extractable with ethanol was 1.70%;. Feldmann and
Feinauer* found, in polyamide 12 prepared at 260, 270 and 280°C, 0.83 + 0.25%
(w/w) of dimer Il and 0.3 + 0.18 9, (w/w) of trimer III in good agreement with values
calculated from cyclization constants.

We have worked out a simple method for direct determination of cyclic oli-
gomers of e-caprolactam by means of high-performance liquid chromatography
(HPLC)'. This method is applied here for the determination of oligomers of lactam I.

EXPERIMENTAL

Reagents and chemicals

The lactam I was crystallized three times from benzene and twice from acetone,
dried at 50°C (2 kPa) for 50 h and then at 20°C (0.2 kPa) for 50 h. The equilibrium
polyamide 12 was prepared by the polymerization for 600 h at 260°C of lactam I
initiated with 2 mol. % of 6-aminocaproic acid in a sealed evacuated glass ampoule,
according to ref. 5. The polymer was grated to shavings of thickness about 0.1 mm

0021-9673/82/0000-0000/$02.75  © 1982 Elsevier Scientific Publishing Company
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and extracted in a 125-fold (w/w) amount of methanol under reflux for 1 h. The
completion of extraction was confirmed by repeated extraction. The extract was
directly injected into a chromatographic column.

Equipment

The mixture of oligomers was separated in a Merck chromatographic column
packed with LiChrosorb RP-18, using aqueous acetic acid (5 mA)-methanol (20:80,
v/v) as eluent and a flow-rate of 0.7 ml/min. The injected volume was 10 ul. The
Spectra-Physics SP 8000 liquid chromatograph was equipped with a SP 8400 UV-VIS
variable-wavelength detector. The separation was monitored at 210 nm.

RESULTS AND DISCUSSION

As in the case of e-caprolactam and its oligomers!, a very good separation of
the lactam 1 and its cyclic oligomers up to the hexamer was attained, as seen in Fig. 1.
Individual peaks were identified by comparison with pure oligomers obtained by
preparative gel chromatography on a column packed with the gel LH-20, using meth-
anol as the eluent. The gel chromatographic separation of individual oligomers of
lactam I may be assumed to proceed in order of their molecular weights.

The molar absorption coeflicients of the individual cyclic oligomers at 210 nm
are presented in Table I. The quantitative evaluation was carried out analogously to
that of the oligomers of e-caprolactam by Mori and Takeuchi®. The areas of in-
dividual peaks were multiplied by correlation factors obtained from the ratios of the
molar absorption coefficients of individual oligomers to the molar absorption coef-
ficient of the monomer. The resulting value, when divided by the total area, is propor-
tional to the weight per cent of the given oligomer in the mixture. The weight per cents

of the individual cyclic oligomers in the equilibrium polyamide 12 are given in Table
L.

(
__

0 300 900 sec

Fig. 1. HPLC separation of 12-dodecanelactam (I) and its cyclic oligomers. Peaks: 1 = T; 2 = dimer II;
3 = trimer I1l; 4 = tetramer [V; 5 = pentamer V.
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TABLE 1
CYCLIC OLIGOMERS OF 12-DODECANELACTAM

A = Molar absorption coefficient; & = correlation factor; p = content (%, w/w) in the equilibrium
polyamide 12.

Oligomer A k V4

1 1497 1.0 0.41
0 1847 0.81 1.25
1 2812 0.53 0.31
v 2946 0.50 0.12
v 297 0.50 0.10

The described HPLC method was also used for the determination of cyclic
oligomers of lactam I during its polymerization and also during its copolymerization
with g-caprolactam, where the presence of a codimer and of cotrimers was shown.
The latter result will be published in a subsequent paper.
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Preparative high-performance liquid chromatography of adamantane-
2,4-diols

L. VODICKA*, M. BREZINA and J. KRIZ
Laboratory of Synthetic Fuels, Institute of Chemical Technology, 166 28 Prague 6 (Czechoslovakia)
(Received July 26th, 1982)

A mixture of three stereoisomeric adamantane-2.4-diols, i.e., adamantane-
2a,4a-diol (II), adamantane-2e,4a-diol (II1) and adamantane-2e,4e-diol (IV), was pre-
pared previously' by reduction of adamantane-2,4-dione (1) with LiAIH,. This note
describes the separation of these three stereoisomers by preparative high-performance
liquid chromatography (HPLC).

OH oH

LiAlH, 1l
OH
0 % OH
| v
Ho oH

EXPERIMENTAL

The separation was performed on Chromatospac Prep 100 preparative chro-
matograph (Jobin Yvon, Longjumeau, France). A 100-g amount of octadecyl silica of
irregular shape (particle size 10-20 um) was packed into a column of 40 mm [.D.; the
height of the bed was 170 mm. The silica was obtained by the method described
previously?. The chemically bonded phase was prepared by the method of Haldsz and
Sebastian® as modified by Hemetsberger et al.*, using octadecyltrichlorosilane as a
reagent and toluene with pyridine as the reaction medium. No further “capping’ has
been done.

Methanol-water (50:50, w/w) was used as the mobile phase; it was degassed by
connecting its reservoir to a vacuum for about 15 min. The flow-rate of the mobile
phase was 14 ml/min at a pressure of 800 kPa. A slurry of stationary phase and
methanol was used for packing of the column. The sample (0.3 g in 2 ml of methanol)
was introduced directly into the column by an injection syringe.

Detection was effected with a refractive index (RI) detector (Varian, Palo Alto,
CA, US.A).

0021-9673/82/0000-0000/$02.75 ~ © 1982 Elsevier Scientific Publishing Company
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HPLC analysis of fractions obtained by preparative separation was carried out
on a Varian 8500 instrument equipped with an RI detector. Column: Micropak CH-
10, 250 x 2 mm L.D., packed with octadecyl silica, particle size 10 um (Varian). The
flow-rate of the mobile phase, methanol-water (20:80, w/w), was 10 ml/h.

RESULTS AND DISCUSSION

A preparative chromatogram of the separated stereoisomeric adamantane-2,4-
diols, together with analytical chromatograms of fractions obtained, is presented in
Fig. 1. The chromatogram in I'ig. 2 shows the analytical separation of all three
stereoisomers. The conditions for the preparative separation were chosen in accor-
dance with the analytical results published previously’.

|

m Jt L. el

0 10 20m 20 min 70 20 30 40 min

0 10 20 min 3 2 @
OH
0 10 20 min 2 OH
; 3 E

~
=
b) 'E OH OH
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[%5)
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0 10 20 30 40 50 60 min 0 0 20 30 40 min

Fig. 1. Preparative separation of adamantane-2,4-diols together with analytical chromatograms of the
separated fractions.

Fig. 2. Analytical HPLC separation of stereoisomeric adamantane-2,4-diols.

Owing to the small particle size and high viscosity of the mobile phase used, it
was not possible to pack as long a column as when a mobile phase of lower viscosity
was used?. The purity of all separated isomers was higher than 97 %. The yield of the
second eluted peak (i.e., 2e,4a-diol) was lower. It had to be collected after the maxi-
mum of the peak.

When comparing the described method of separation of these compounds with
classical column chromatography on silica, it is evident that this method is quicker
and more efficient.
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High-performance liquid chromatography of free and bound phenolic
acids in the egg-plant (So/anum melongena L.)
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(First received June 30th, 1982; revised manuscript received July 30th, 1982)

It is well known that polyphenols are important in the physiology of the
growth and development of plants'. Since phenolic substituents usually improve the
solubility characteristics of compounds and can interact with specific receptor groups
by hydrogen bonding and/or by more stable covalent bonds, phenols are expected to
influence a broad range of biological phenomenal™.

During a programme of plant breeding to obtain cultivars of the egg-plant for
processing, the role of phenolic compounds on “browning” of vegetable tissues was
considered. Most papers published on the high-performance liquid chromatography
(HPLC) separations of polyphenolic compounds have dealt with a limited number of
substances® 3. Vande Casteele et al.'* studied the retention times of some 140 flavo-
noids and separated complex mixtures of about 40 substances.

The purpose of the present study was to develop a method for extending
techniques previously applied to benzoic and cinnamic acid derivatives to more com-
plex flavonoids extracted from plant tissues. The method, consisting of a combination
of isocratic and linear gradient elution and a concave gradient elution, was applied to
simple phenolic acids in the egg-plant.

EXPERIMENTAL

Chromatography

A Perkin-Elmer Series 2 liquid chromatograph, equipped with a spectrophoto-
metric detector LC-55 and a Sigma 10B chromatography data station, was used. The
column was a stainless-steel tube (30 cm x 4 mm 1.D.) packed with uBondapak C,
(Waters Assoc., Milford, MA, U.S.A)), having an average particle size of 10 ym. A
short stainless-steel precolumn, packed with uBondapak C, ;—Corasil (37-50 um), was
used. The UV detector was set at 280 nm and 325 nm.

Two solvents were used: A, methanol; B, acetic acid—water (5:95 v/v). The
elution profile of the linear gradient (Programme I) was: 0-25 min, 15-40%, A; 25-30
min, 40 %, A (isocratic); 3045 min, 40-63 % A; 45-47 min, 63 %, A (isocratic); 47-51
min, 63-99 % A. The concave gradient (Programme II) was: initial conditions 10/
A; programme time 44 min; final conditions 99 % A. The flow-rate was 2 ml/min and
the column pressure was 2000-2200 p.s.i.

0021-9673/82/0000-0000/$02.75 @ 1982 Elsevier Scientific Publishing Company
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TABLE 1

RETENTION TIMES (1) OF BENZOIC AND CINNAMIC ACID DERIVATIVES AND FLAVO-
NOIDS

I = Linear gradient; II = concave gradient.

Compound th(min) 1 (min) Compound th(min) ¥ (min)
Phloroglucinol 2.18 2.21 Sinapic acid 15.60 21.85
Gallic acid 2.48 2.52 Luteolin-7-glucoside 21.87 28.48
Protocatechuic acid 3.71 3.82 Quercetin-3-glucoside 23.35 29.20
Catechol 4.01 4.13 + Rutin
(+)-Catechin 4.73 5.76 Cinnamic acid 25.08 29.65
p-Hydroxybenzoic acid 5.81 6.30 Myricetin 25.90 30.63
Chlorogenic acid 6.53 7.68 Quercitrin 26.96 31.27
Esculetin 6.94 7.80 Morin + Quercetin 28.27 32.02
Vanillic acid 7.29 8.76 Naringenin 30.85 33.45
Caffeic acid 7.79 9.36 Fisetin 33.68 35.00
Syringic acid 8.83 11.20 Hesperetin 34.49 35.40
Cynarin 9.00 13.34 Luteolin 37.16 37.26
p-Coumaric acid 12.24 15.46 Kaempferol 40,27 39.60
Dihydroquercetin 12.82 16.72 Apigenin 41.79 41.01
Ferulic acid 14.33 19.25 Galangin 43.00 42.50
0
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Fig. 1. The retention times of phenolic compounds eluted using the linear gradient on a uBondapak C,
column (30 cm x 4 mm 1.D.). A list of the compounds separated is given in Table I. For the elution system
see Experimental.
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Samples

Standards of benzoic and cinnamic acid derivatives and flavonoids were dis-
solved in methanol. Peeled fruits of the egg-plant were extracted with methanol-
ethanol (1:1) by the procedure developed by the Laboratory of Plant Biochemistry of
Ghent'®!7. The alcoholic extract, after concentration, was partitioned between 1-
butanol and 6 %, Na,CO;. The aqueous layer was acidified to pH 3.5 and re-extracted
with diethyl ether giving fraction A. The acidic aqueous layer was made alkaline with
concentrated NaOH until 2 M, then refluxed, acidified and extracted with diethyl
ether to give fraction B. The 1-butanol layer was refluxed in 2 M NaOH and the
aqueous layer then acidified to pH 3.5 and re-extracted with diethyl ether to give
fraction C. The residue insoluble in methanol-ethanol, after alkaline hydrolysis, acid-
ification and ether extraction, gave fraction D. The four fractions obtained were: A,
free phenolics; B, carbonate-soluble, alkali-labile bound phenolics; C, carbonate-
insoluble, alkali-labile bound phenolics; D, alcohol-insoluble, alkali-labile bound
phenolics.

The ether fractions of free and bound phenolics were dried in vact o at 30°C and
the residue was dissolved in methanol. The injected volume of standard solutions and
vegetable extracts was 10 ul.

RESULTS AND DISCUSSION

Table I shows the retention times of the phenolic compounds eluted according
to two elution profiles. The values are averages from six runs, the error being about

29.20
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Fig. 2. The retention times of flavonoids eluted using the concave gradient on a uBondapak C, 4 column
(30 cm x 4 mm I.D.). Other details as in Fig. L.
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Fraction "A"
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Fig. 3. The separation of simple phenols in vegetable extracts of the egg-plant using the linear gradient.
Peaks: | = Caffeic acid; 2 = p-coumaric acid; 3 = ferulic acid; 4 = sinapic acid; 5 = cinnamic acid. For
the elution system see Experimental.
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TABLE 11
SIMPLE PHENOLS IN VEGETABLE EXTRACTS OF THE EGG-PLANT

Cultivar  Caffeic acid p-Coumaric acid  Ferulic acid Sinapic acid Cinnamic acid
Fraction A

L39/78 + +

L17/79 + +

L.V.

Fraction B

L39/78 + + + + +
L17/79 + + + +

L.V, -t + =+ 4

Fraction D

1.39/78 + + + +

L17/79 + + + + +
L.V, + ot + +

29%. Fig. | shows the separation, using the linear gradient, in a single run of 30
substances: only quercetin-3-glucoside and rutin at 23.35 min and morin and quer-
cetin at 28.27 min are not separated. Fig. 2 shows the elution of a set of flavonoids
using the concave gradient. The two elution programmes are nearly equivalent, but
permit more information to be obtained from the two different ¢, values. Fig. 3 shows
the separation of simple phenols from vegetable extracts of egg-plant fruits. A list of
the compounds identified, according to their two different ¢, values, is given in Table
II. The UV spectra of the peaks identified corresponded to those of standard com-
pounds. In addition to the components reported, a number of minor constituents in
fractions B and D have not as yet been identified.

The highest content of simple phenols was found in the fractions B and D,
while in fraction C they were absent. The content of free phenolics (fraction A) was
very low and among them were identified caffeic and ferulic acids, the only ones
existing in all fractions. Analysis carried out on cuitivars of egg-plant with different
“browning” characteristics showed differences mainly in the content of caffeic and
ferulic acids, the most abundant components.

These results are in agreement with the theory that cinnamic acid and its
derivatives, widely distributed in vascular plants, generally are found as esters rather
than as free acids®>-%16-18 Tn addition, large amounts of cinnamic acid derivatives,
particularly p-coumaric acid and ferulic acid, are found after alkaline hydrolysis of
the insoluble residue remaining after alcoholic extraction.

In the fraction D the content of ferulic acid was very high. El-Basyouni et al.?
suggested an alcohol insoluble enzyme ester of hydroxycinnamic acids as the active
intermediate of lignin biosynthesis. Other possible interactions between alcohol in-
soluble phenolic acids and proteins are hydrogen bonding and irreversible oxidation
followed by covalent condensation. Ferulic acid may also be bound by means of an
amide linkage®. Fraction B contains phenolic acids esterified with the hydroxyls of
compounds such as glucose or quinic acid. Among these phenolics, caffeic acid was
particularly abundant and their role in plants is related to the biosynthesis of flavo-
noids and coumarins.
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counter-current chromatography
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In a recent paper, Prelog et al.! reported the separation of enantiomers by
partition between two liquid phases. Racemic mixtures of salts of a-aminoalcohols,
such as norephedrine, with lipophilic anions, such as hexafluorophosphate ion, could
be separated by partition between the aqueous phase and the lipophilic phase (1,2-
dichloroethane) containing an ester of tartaric acid (di-5-nonyl tartrate). The separa-
tion was achieved by flash partition chromatography?, the stationary phase being the
aqueous phase on a Kieselguhr support. In the present note we report a similar
separation of the enantiomers of norephedrine by a support-free liquid-liquid tech-
nique using rotation locular-counter-current chromatography (RLCC)*.

RLCC is an adaptation of a technique based on a principle originally proposed
by Signer et al.®> and modified by Winistorfer and Kovats®. A column is constructed by
placing in a glass tube multiple centrally perforated partitions which divide the tube
into compartiments called loculi. It is filled with the stationary phase which can be
either the lower or thé upper one, depending on the separation problem. The column
is then inclined from the horizontal position at an angle of 25-40° and the mobile
phase is continuously introduced, from the bottom if it is the upper phase or from the

“top if it is the lower phase. The mobile phase displaces the stationary phase in each
loculus to the level of the hole leading to the next one; it is collected at the outlet of the

“column. In practice several columns, which are interconnected with fine PTFE tub-
ings, are mounted on a rotating shaft. The rotation promotes the partition of sub-
strate between two phases and prevents the formation of emulsions.

EXPERIMENTAL

In our work a RLCC instrument (Tokyo Rikakikai Co., Tokyo, Japan) was
used which consisted of 16 columns (45 cm x 11 mm I.D.) divided by centrally
perforated PTFE disks into 37 loculi each. The flow-rate was 17-20 ml/h, the rotation
speed was 60—70 rpm and the slope 40°. Two experiments were carried out at 2-3°C
and -5-8°C, respectively.

: '0021-9673/82/0000—0000/$02.75 © 1982 Elsevier Scientific Publishing Company
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The stationary phase was a 0.5 M solution of sodium hexafluorophosphate
(71.5 g) in water (850 ml) to which hydrochloric acid was added to pH 4. The mobile
phase was a 0.3 M solution of (R,R)-di-5-nonyl tartrate in 1,2-dichloroethane. A solu-
tion of 200 mg of racemic norephedrine hydrochloride and 360 mg sodium hexafluoro-
phosphate in 2 nil water was injected into the inlet of the apparatus and eluted in the
descending mode with the lipophilic phase, which was analyzed at the outlet by
determining the UV absorption spectrum. The eluate containing norephedrine was’
divided into four fractions, which were treated separately with 0.25 M sodium hy-
droxide, followed by extraction with 0.1 M hydrochloric acid. The aqueous extracts
were evaporated to dryness and each residue analyzed by determining the amount of
norephedrine by UV absorption on a2 UVIKON 810 spectrometer and its optical
purity by circular dichroism on a Jobin-Yvon Il Dichrograph.

RESULTS AND DISCUSSION

The results of the first separation carried out at 5-8°C are summarized in Table
I. The mobile phase front was observed at 456 ml, the two maxima corresponding to
the 1S5- and 1 R-enantiomers respectively were at 1310 and 1730 ml.

TABLE 1
RLCC SEPARATION OF (+)-NOREPHEDRINE AT 5-8°C

Eluate volume Norephedrine hydrochloride
(ml)
mg Enantiomeric 1S IR
excess (%) (%) (%)
821-1310 52 87 93 7
1311-1520 38 32 66 34
1521-1730 38 86 T 93

1731-2010 37 97 1 9

The results of the second experiment, which was carried out at 2-3°C, are given
in Table II.

Although no baseline separation has been achieved, these results show that
practically pure enantiomers can be obtained by the RLCC technique; a complete
resolution could be achieved using an apparatus with more loculi.

TABLE I
RLCC SEPARATION OF (+)-NOREPHEDRINE AT 2-3°C

Eluate volume Norephedrine hydrochloride
(ml) - I
mg Enantiomeric 1S IR
excess () (%) (%)
671-992 53 90 95 5
993-1146 46 45 72 28
1147-1314 4] 76 12 88

1315-1650 39 99 0.5 99.5




NOTES 151
ACKNOWLEDGEMENTS

Financial support by the Swiss National Science Foundation is gratefully ac-
knowledged (Project 2.858.0.80).

B. Domon expresses his gratitude to the Stiftung der Basler chemischen Indus-
trie zur Férderung der Doktoranden auf dem Gebiete der Chemie for a grant.

REFERENCES

1 V. Prelog, Z. Stojanac and K. Kovacevi¢, Helv. Chim. Acta, 65 (1982) 377.

2 W. C. Still, M. Kahn and A. Mitra, J. Org. Chem., 43 (1978) 2923.

3 Y. Ito and R. L. Bowman, J. Chromatogr. Sci., 8 (1970) 315.

4 K. Hostettmann and M. Hostettmann, Supplement Chromatographie, G.1.T,, Darmstadt, 1981, pp. 22—
24,

5 R. Signer, K. Allemann, E. Koehli, W. Lehmann, H. Meyer and W. Ritschard, Dechema Monograph,
27 (1956) 32-44. '

6 P. Winistorfer and E. sz Kovits, J. Gas Chromatogr., (1967) 362.



Journal of Chromatography, 250 (1982) 152-156
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 15,200

Note

Isotachophoretic assay of aminoglycosides and lincomycins in pharma-
ceuticals
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Aminoglycoside antibiotics are used in the treatment of severe infections of
men and animals!. They are indicated when antibiotics with inferior toxic potential are
contraindicated and when the organisms are susceptible to the aminoglycosides con-
cerned. Lincomycin and clindamycin, which are pyranosides, are indicated, for ex-
ample, for the therapy of infections induced by penicillin-, oxacillin- and cephalospo-
rin-resistant staphylococci.

The quantitation of the active substances of tobramycin sulphate, sisomicin
sulphate, clindamycin hydrochloride, lincomycin hydrochloride as well as spectino-
mycin dihydrochloride by chromatographic techniques is still laborious and time-
consuming®S. Microbiological techniques® also do not meet the requirements of a
rapid, precise and economical method for the quantitation of the aminoglycosides
and lincomycins discussed herein. However, the present results show that analytical
isotachophoresis can be successfully used for the determination of these active sub-
stances. This technique does not require more than 10 min for a complete assay.

MATERIALS AND METHODS

The pharmaceuticals were obtained from commercial sources. Spectinomycin
dihydrochloride, clindamycin hydrochloride and lincomycin hydrochloride served as
reference substances, e.g., for the construction of the calibration graphs (Fig. 1). The
structural formulae of these compounds as well as those of the antibiotics sisomicin
and tobramyecin are listed in Table I. All reagents were prepared with double distilled
water. They were purchased as analytical grade chemicals. Hydroxypropylmethylcel-
ulose (HPMC 15000) was obtained from Dow Chemical (Stade-Brunshausen, G.F.R.),
4-amino-butyric acid from Serva (Heidelberg, G.F.R.), glycylglycine and potassium
acetate from E. Merck (Darmstadt, G.F.R.) and f-alanine from Sigma (Miinchen,
G.F.R)).

For isotachophoresis, a number of suitable aqueous electrolyte systems is
available. A system of 0.020 mol/l potassium acetate plus 0.3% HPMC 15000 (to
avoid electroendosmosis’®), pH 4.95, proved to be excellent for the qualitative and
quantitative determination of the aminoglycosides and lincomycins. A mixture of 20
mmol/l 4-aminobutyric acid/acetic acid, pH 4.72, or 0.020 mol/l glycylglycine or 0.020
mol/l f-alanine, was selected as terminator. HPMC 15000 was purified by means of
dialysis®.

0021-9673/82/0000-0000/302.75  © 1982 Elsevier Scientific Publishing Company
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Determinations were performed with the “Tachophor” (LKB, Bromma,
Sweden), Type 2127, at a constant current of 200 uA and a constant temperature of
5°C. The length of the capillary was 23 cm. The measurement range of the recorder
(LKB 2210) was 100 mV and the chart speed was 6 cm/min. Aqueous solutions of the
antibiotics were injected with a 10-ul Hamilton microsyringe, the volumes injected
being 3-5 ul. During the separation (cationic) by a discontinuous electrolyte, the
cations migrate according to their net mobilities between the leading and terminating
electrolyte!®. The compounds discussed were investigated in the form of their sul-
phates or hydrochlorides, which are their common application forms. As these anti-
biotics show very little UV-absorption, they are identified by their differing electrical
conductivities. The concentration of the standard solutions was chosen such that the
concentration of the active substances based on the corresponding salts amounted to
I mg/ml.

RESULTS AND DISCUSSION

The results confirm the possibility of using analytical isotachophoresis for the
determination of aminoglycoside antibiotics and lincomycins, under the conditions
mentioned. While, on the one hand, the lack of distinct UV absorption renders
difficult the identification by means of high-performance liquid chromatography and
no conditions are known under which the unaltered molecules can be exactly de-
termined by gas chromatography, the conductivity detector proves to be excellent
for the determination of these compounds.

The 1sotachopherograms show that the separation of the active substances in
the pharmaceuticals is practicable without the application of other techniques of
analysis, such as thin-layer, ion-exchange or column chromatography. However, the
simultaneous determination of not only lincomycin hydrochloride and clindamycin
hydrochloride but also of tobramycin sulphate and sisomicin sulphate implies some
problems. The mobility of the cations depends on charge, viscosity, molecular size
and shape, solvation, dielectric constant and temperature. The mixtures concerned
contain weak organic bases differing only slightly in size (Table I) and in pK value

cm?
. 1 Tobramycin.SO,
2 Spectinomycin.HCl

Step length
w
L

1 1 1 1 1 1 I T 11 |
12 3 4 5 6 7 8 9 10 pg/Amount
RO ,

Fig. 1. Calibration graphs for quantitation of tobramycin sulphate and spectinomycin dihydrochloride.
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TABLE I
ANTIBIOTICS STUDIED
Structural formulae (base) Antibiotics Anion
OH
H3C—NH o CH,
Spectinomycin Cl-
HO (o}
H3C’—NH HO o)
cHy CH,
HyC—CH,—CH, / '
N R'—C—R?2
1 Li in : R = OH . . _
CO—NH—C—H eimyein R © Lincomycin Cl
HE 0, Clindamycin : R' = Clmfamyem ol
OH R =Cl
S—CH,
OH
HO o
HN—CH,
HN=CHEC
7N |
Sisomicin SOZ-
(o]
T
NH,
HoN
CH,OH
0
NH,
HO
HoN—CH
lte Mg Tobrasiyein s02-
HO o}
NH,
HN

and, consequently, also in their effective mobilities. Nevertheless, since phar-
maceuticals generally contain only one of these active compounds there is no prac-
tical difficulty. The isotachopherogram in Fig. 2 illustrates a separation of tobramycin/
sisomicin, spectinomycin'and lincomycin/clindamycin based on their different mo-

lecular structures!!.
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Conductivity detect.
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UV-Absorption 254 nm
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Cationic separation

— *tE
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Fig. 2. Isotachophoretic separation of aminoglycosides and lincomycins (b) (1 = tobramycin sulphate;
2 = spectinomycin dihydrochloride; 3 = clindamycin hydrochloride) and UV and conductivity diagram

of electrolyte system (a).

If the compounds discussed herein have to be determined during an in-process
control, this is likely to be accomplished by means of spacer-ions'?. Although the salts
of the antibiotics do not show any UV signals at 254 nm, the limits of the zones,
in the case of spectinomycin and lincomycin/clindamycin, are still recognizable as

TABLE II

RESULTS OF THE QUANTITATION OF ACTIVE SUBSTANCES IN SOME PHARMA-

CEUTICALS
Cps = Capsule; tbl = tablet.

Pharma- Active substance Quantity Quantity Content
ceutical declared Sfound related
to quantity
declared (%)

A Clindamycin- 85.2 mg/cps. 90.3 mg/cps. 106.0
hydrochloride

B Lincomycin- 567.8 mg/cps. 620.0 mg/cps. 109.2
hydrochloride

C Lincomycin- 567.8 mg/cps. 555.3 mg/cps. 97.8
hydrochloride

D Lincomycin- 681.3 mg/2 ml 624.2 mg/2 ml 91.6
hydrochloride

E Lincomycin- 113.4 mg/1 ml 123.0 mg/1 ml 108.5
hydrochloride

F Lincomycin- 226.8 mg/tbl. 240 mg/tbl, 105.8
hydrochloride

G Spectinomy- 3 g/package 3.01 g/package 100.3
cin dihydro-
chloride

H Spectinomy- 3.0 g/package 3.07 g/package 102.3
cin dihydro-

chloride
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there are always so-called spacers because of traces of natural UV-absorbing con-
taminant. These impurities are present even in analytical grade agents, such as glyc-
yclglycine, f-alanine and 4-aminobutyric acid (Fig. 2).

For the quantitation of the antibiotics, a direct comparison of the length of the
zones of a sample and those of a standard solution is used. Fig. 1 shows that thereis a
direct proportionality between the concentrations and the length, the coefficient of
correlation being r = 1.000. The lowest amount which can be quantitated is 1.6 nmol,
under the conditions given. The reproducibility of the method was examined by
replicate analyses and the coefficient of variation was found to be 2%,. As shown in
Table II, the pharmaceuticals contain a surplus of active substances —this is ob-
viously to ensure a sufficient antibiotic content until the expiry. date.

We hope that this publication will stimulate further research into more simple
and precise assays of pharmaceuticals by means of isotachophoresis.
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Book Review

Organic trace analysis by liquid chromatography, by I. F. Lawrence, Academic Press,
New York, 1981, XII + 288 pp., price US$ 34.00, ISBN 0-12-439150-8.

The main requirements for the analysis of organic compounds in the ppm to
ppb range by high-performance liquid chromatography (HPLC) are efficient isolation
(clean-up) procedures and sensitive detectors. Whereas isolation methods are as
varied as the analytes and matrices containing them, the choice of suitable detectors is
necessarily limited in HPLC.

Steering a safe course between the vast literature on the analysis of traces of
innumerable compounds and the meager possibilities of increasing their detectability,
Lawrence has produced a very readable small book on HPLC. Actually, most of the
book could be used as a general text for beginners in HPLC. There are some very
lucid chapters on basic hardware (pumps, injectors, columns and detectors) with
excellent schematic drawings, useful specifications and lists of suppliers.

Because he was forced to condense much information on chromatographic
theory, Lawrence had to oversimplify and omit much of what can be found in other
textbooks on HPLC, but what is presented is clear and coherent. The “meat” of this
book, the applications of HPLC to various substances, occupies only half of it and is
of necessity incomplete. There are chapters on derivatization and clean-up methods
and some examples of analytical schemes. I have found only the subject index and the
bibliography, which contains several errors, to be inadequate.

Orinda, CA (U.S.A4.) ERICH HEFTMANN
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6405 Allen, M.C. and Linder, D.E.: Ethylene oxide oligomer distribution in nonionic
surfactants via high performance liquid chromatography (HPLC). J. Amer. 07l
Chem. Soe., 58 (1981) 950-957; U.4., 95 (1981) 221688u.

6406 Kudoh, M., Konami, S., Fudano, S. and Yamaguchi, S.: Retention behaviour of
alkylene oxides in reversed-phase high-performance liquid chromatography. .
Chromatogr., 234 (1982) 209-213.

See also 5604.
35b. Antioxidants and preservatives

6407 Kurechi, T., Kikugawa, K. and Aoshima, S.: Studies on the antioxidants. XIV,.
Reaction of sesamol with hydrogen peroxide-peroxidase. Chem. Pharm. Bull.,
29 (1981) 2351-2358.

6408 Rotschova, J., Taimr, I. and Pospisil, J.: Antioxidants and stabilizers.
LXXXVII. The chromatographic behaviour of transformation products of an anti-
oxidant, N,N'-diphenyl-1,4-phenylenediamine. J. Chromatogr., 216 (1981) 251-
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35d. Complex mixtures and non-identified compounds

6409 Hussein, M.M. and MacKay, D.A.M.: Application of large bore coated (LBC)
columns to flavor analysis of beverages and confections. J. Food Sei., 46
(1981) 1043-1050; C.4., 95 (1981) 78574w.

6410 Juergens, U.: (High-pressure liquid chromatography analysis of flavors: II.
Study of raw materials and beverages as well as vanilla and vanillin sugars in
small packages). Deut. Lebensm.-Rundsch., 77 (1981) 211-213; C.A., 95 (1981)
131027y.

36. CELLS AND CELLULAR PARTICLES

6411 Caldwell, K.D., Karaiskakis, G. and Giddings, J.C.: Characterization of T4D
virus by sedimentation field flow fractionation. J. Chromatogr., 215 (1981)
323=332.

6412 Duffey, P.S., Drouillard, D.L. and Barbe, C.P.: Lymphocyte sorting on
albuminated CIBA blue dextran staphylococcal protein A-conjugated Sepharose 6MB
affinity columns. J. Immunol. Methods, 45 (1981) 137-151; C.A., 96 (1982)
18422fF.

6413 Eckert, R.: (Specific fractionation of immune cells). Ger. (East) Pat. 147,
911 (CL. A61K35/28), 29 Apr. 1981, Appl. 217,657, 13 Dec. 1979, 6 pp.; C.A.,
95 (1981) 201975g.

6414 Forte, F., De Pirro, R., Giacovazzo, M. and Laurc, R.: (Insulin receptors of
erythrocytes isolated by elution on cellulose column). ZLab, 8 (1981) 47-49;
C.A., 95 (1981) 164885e.

6415 Petrovic, J., Soskic, V., Trajkovic, D., Matic, G. and Kidric, M.: Purification
of human blood platelet dopamine receptors by affinity chromatography. Iugosl.
Physiol. Pharmacol. Acta, 17 (1981) 51-59; (C.A., 95 (1981) 164876c¢.

6416 Pfeffer, S.R. and Kelly, R.B.: Identification of minor components of coated
vesicles by use of permeation chromatography. J. Cell Biol., 91 (1981) 385-
391; C.A., 96 (1982) 2505z.

37. ENVIRONMENTAL ANALYSIS

37a. Gemeral papers and reviews

6417 Levine, S.P. and Skewes, L.M.: High-performance semi-preparative liquid chro-
matography of diesel engine emission particulate extracts. J. Chromatogr.,
235 (1982) 532-535.

6418 Wolkoff, A.W. and Creed, C.: Use of Sep-PakR C1g cartridges for the collection
and concentration of environmental samples. . Liquid Chromatogr., 4 (1981)
1459-1472.

See also 5375.
37b. Air pollution

6419 Drugov, Yu.S. and Goryachev, N.S.: (Reaction chromatography in the analysis
of air [pollution|). Zh. Anal. Khim., 36 (1981) 371-389; C.A., 95 (1981)
48020v - a review with 175 refs.

37c. Water bollution

6420 Grange, D. and Clement, P.: (The application of liquid-phase and thin-film
chromatography to the analysis of organic water polluting agents. A bibliog-
raphic synthesis). Rapp. Rech. LPC, 103 (1981) 41 pp.; C.A., 96 (1982) 11323r -
a review with 94 refs.

6421 Osaka Gas Co., Ltd.: Water analysis. Jpn. Kokai Tokkyo Koho Pat., 81,108,954
(Cl. GOIN31/08), 28 Aug. 1981, Appl. 80/11,691, 2 Feb. 1980; C(.A.,.95 (1981)
225406y.
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6422 sokolov, M.S. and Knyr, L.L.: (Determination of propanide, linuron, and
3,4-dichlorcaniline in natural waters, soil, and bottom sediments using high-
pressure liquid chromatography). Agrokhimiya, (1981) 143-145; C.A., 96 (1982)
1957m.

37d. Soil pollution

6423 Bezuidenhout, F.J. and Van Dyk, L.P.: A comparison of chromatographic and
spectrophotometric methods for the determination of carbaryl residues in
cabbages. Bull. Environ. Contam. Toxicol., 26 (1981) 789-794; C.A., 95 (1981)
91758d.

Paper Chromatography

3. GENERAL TECHNIQUES

3e. Sorbents, carriers, column and layer performance, packing procedures

See 6429,

10. CARBOHYDRATES

10a.

6424

6425

6426

Mono- and oligosaccharides. Structural studies

Caldes, G., Prescott, B. and Baker, P.J.: Use of DEAE-cellulose paper in the
paper chromatographic separation of uronic acids. J. Chromatogr., 234 (1982)
264-267.

Sakuma, S. and Shoji, J.: Studies on the constituents of the root of Polygala
tenuifolia Willdenow. 1I. Isolation of saponins and the structures of onji-
saponins G and F. Chem. Pharm. Bull., 29 (1981) 2431-2441 - PC and TLC.

Shibata, S., Saito, H. and Nakanishi, H.: Sugar composition of the nephritogenic
glycopeptide, nephritogenoside, isolated from rat glomerular basement membrane.
Biochim. Biophys. Acta, 714 (1982) 456-464.

11. ORGANIC ACIDS AND LIPIDS

1la. Organte acids and simple esters

6427 Barkai, Z.: (The preparation of 4-hydroxyphenylpyruvic acid labelled with
radioiodine and its separation by adsorption chromatography.) Izotoptechnika,
23 (1980) 158-164; C(C.A4., 96 (1982) 6309m.

6428 Rathore, H.S., Sharma, S.K. and Kumari, K.: Paper chromatography of 34 organic
acids on calcium carbonate and calcium sulphate impregnated papers. Anal. Lett.,
14, A 16 (1981) 1327-1334.

1le. Lipids and their constituents

See 6546.

13. STEROIDS

6429

Metcalf, E.C., Morgan, M.R.A. and Dean, P.D.G.: Chromatographic assay of
steroids on immuno-affinity paper strips: a radpid method for the quantitation
of digoxin and oestriol-16a-glucuronide concentrations. J. Chromatogr., 235
(1982) 501-506 - antibodies were bound to paper by CNBr methods.
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13a. Pregnane and androstane derivatives

6430 Al-Dujaili, E.A.S. and Edwards, C.R.W.: Development and application of a simple
radioimmunoassay for urinary aldosterone. (lin. Chim. Acta, 116 (1981) 277-287.

14. STEROID GLYCOSIDES AND SAPONINS

6431 Hiller, K., Voight, G, and DShnert, H.: Zur Struktur des Hauptsaponins aus
Hydrocotyle vulgaris L. Pharmazie, 36 (1981) 844-846.

15. TERPENES AND OTHER VOLATILE AROMATIC COMPOUNDS

15a. Terpenes

6432 Nohara, T., Kashiwada, Y., Murakami, K., Tomimatsu, T., Kido, M., Yagi, A. and
Nishioka, I.: Constituents of Cinnamomi cortex. V. Structures of five novel
diterpenes, cinn-cassiols Dy, Dj glucoside, D,, D, glucoside and D3. Chem.
Pharm. Bull., 29 (1981) 2451-2459 - PC'and TLC.

See also 6431.

16, NITRO AND NITROSO COMPOUNDS

6433 Verma, K.K. and Dubey, S.K.: Detection of aromatic nitro compounds by means
of their m-complexes with N,N-diethylaniline. Talanta, 28 (1981) 485-486;
C.A., 95 (1981) 214574a - TLC and PC.

See also 6435.
17. AMINES, AMIDES AND RELATED NITROGEN COMPOUNDS

17a. Amines and polyamines

6434 Rawat, J.P., Singh, J.P. and Bhattacharjee, P.: Chromatographic separation of
0,p- and m-nitroaniline on ferric arsenate papers. Proe. Natl. Acad. Sei.,
India, Sect. B, 50, No. 2 (1980) 77-80; C(.A., 95 (1981) 231453c.

6435 Zeman, S. and Zemanova, E.: Possibilities of applying the Piloyan method of
determination of decomposition activation energies in the differential thermal
analysis of polynitroaromatic compounds and their derivatives. Part VII.
Relationship found between chromatographic and thermal analysis data on N-sub-
stituted 2,4,6-trinitroaniline. J. Therm. Anal., 20 (1981) 331-337; C.A.,

95 (1981) 219635f.

18. AMIDO ACIDS AND PEPTIDES; CHEMICAL STRUCTURE OF PROTEINS

18a. Amino acids and their derivatives

6436 Liu, W., Zhou, J. and Wong, J.T.-F.: A novel synthesis of 3,5-diiodotyrosine
with iodic acid. Anal. Biochem., 120 (1982) 204-207.

6437 Omura, S., Iwai, Y., Takahashi, Y., Kojima, K., Otoguro, K. and Oiwa, R.:
Type of diaminopimelic acid different in aerial and vegetative mycelia of
setamycin-producing actinomycete KM-6054. J. Antiblot., 34 (1981) 1633-1634.

6438 Sugiura, M., Kisumi, M. and Chibata, I.: R-Methylnorleucine, an antimetabolite
produced by Serratia marcescens. J. Antibiot., 34 (1981) 1278-1282.



B400 BIBLIOGRAPHY SECTION

18b. Peptides and peptidie and proteinous hormones

6439 Abiko, T. and Sekino, H,: The effect of ubiquitin hexadecapeptide fragment of

E-rosette forming cells of a uremic patient. Chem. Pharm. Bull., 29 (1981)
2949-2955.

6440 Undrum, T., Lunde, H. and Gjessing, L.R.: Determination of aphidine in human
urine. J. Chromatogr., 227 (1982) 53-59.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

21a. Purines, pyrimidines, nucleosides, nucleotides

6441 Akiyoshi, H.: Conversion of dNTP to dNMP dependent on DNA synthesis in isolated
Yoshida sarcoma nuclei. Bifochim. Bilophys. Acta, 696 (1982) 332-339.

6442 Holy, A.: Preparation of aliphatic analogues of S~adenosyl-L-homocysteine and
related compounds. Collect. Czech. Chem. Commun., 46 (1981) 3134~3144 - PC and
TLC.

See also 6616.

22. ALKALOIDS

6443 Bezbaruah, B.: A simple method for purification of glycoalkaloids in the gquan-
titative estimation of Solanum khasianum. Planta Med., 43 (1981) 77-81 - PC and
TLC.

See also 6622.

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

23e. Other N-heterocyclic compounds

6444 I1l'ina, V.A., Maslennikova, T.A., Gal'pern, B.M. and Filatova, N.N.: (Analysis
of mixtures of mono- and dinitro-substituted 2-phenylbenzimidazole using po-
larography and paper chromatography.) 2k, Anal. Khim., 36 (1981) 1820-1823;
C.A., 96 (1982) 14803h.

28. ANTIBIOTICS

6445 Serpa dos Santos, M., Santos, M.I.C.M. and Goncalves, L.C.: (Separation of some
cefalosporins and their degradation products by impregnated glass paper chro-
matography.) Bol. Fac. Farm. Coimbra, 4, No. 1 (1980) 25-27; (.A., 96 (1982)
11729¢.

30. SYNTHETIC AND NATURAL DYES

30a. Synthetic dyes

6446 Otterstaetter, G. and Ludwig, A.: (Identification of water soluble cosmetic
dyes.) Dragoco Rep. (Ger. Fragrance Ed.), 28, No. 9 (1981) 179-185; C.A., 96
(1982) 24642u - a review.
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32. PHARMACEUTICAL AND BIOMEDICAL APPLICATIONS

32a. Synthetic drugs

6447 Stamm, A., Heide, L. and Boegl, W.: (Analysis of radiochemical impurities in
radiophrmaceuticals. A compilation of procedures.) Nuklearmedizin, Suppl.
(Stuttgart), 18 (1981) 1086; C.A., 96 (1982) 40980h - PC and TLC.

32b. Pharmacokinetics studies

6448 Kaistha, K.K. and Tadrus, R.: Semi-quantitative thin-layer mass-screening detec-—
tion of 11—nor—A9—tetrahydrocannabinol—9—carboxylic acid in human urine. .
Chromatogr., 237 (1982) 528-533.

32¢, Plant extraqcts

6449 Ansari, S., Dobhal, M.P., Tyagi, R.P., Joshi, B.C. and Barar, F.S5.K.: Chemical
investigation and pharmacological screening of the roots of Colebrookia
oppositifolia Smith. Pharmazie, 37 (1982) 70 - PC and TLC.

33, INORGANIC COMPOUNDS

33a. Cations

6450 Garoff, T.: A semiquantitative paper chromatographic method for measuring
nickel (II). Kem—Kemi, 8 (1981) 494-497; (C.A., 95 (1981) 231336s.

6451 Jain, A.K., Agrawal, S. and Singh, R.P.: Paper chromatographic separations of
metal ions on collidinium tungstoarsenate papers. J. Liquid Chromatogr., 4
(1981) 2073-2079.

6452 Lebedeva, G.G. and Viktorova, M.E.: (Separation of zirconium and hafnium by
paper partition chromatography.) £Zh. Anal. Khim., 36 (1981) 1751-1754; C.A.,
95 (1981) 231270r.

See also 6724.

33b. Antons
6453 Bardin, V.V., Mokhov, A.A. and Shichko, V.A.: (Determination of micro amounts
of arsenate and phosphate ions by peak paper chromatography.) 2h. 4Anal. XKhim.,

36 (1981) 1657-1659; C.4., 96 (1982) 45445x.
34, RADIOACTIVE AND OTHER ISOTOPE COMPOUNDS

See 6447,

Thin-Layer Chromatography

1. REVIEWS AND BOOKS

6454 Ilinov, P.: (Thin-layer Chromatography.) Nauka i Izkustvo, Sofia, 1979, 261
Pp.

6455 Issadq, H.J.: Modern advances in thin-layer chromatography. Separ. Purif.
Methods, 10, No. 1 (1981) 73-116; C.A., 95 (1981) 164803 - a review with 112
refs.

6456 Serre, R.: Dictiomnaire Contextuel Anglais-Francais de la Chromatographie.
Published by Robert Serre, Cttawa, VI 4+ 106 pp.
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6457 sherma, J.: Practice and Applications of Thin-Layer Chromatography on Whatman
KC,g Reversed Phase Plates, (TLC Technical Series, Vol. 1), Whatman Chemical
Separation Inc., Clifton, NJ, 1981, 24 pp.

2. FUNDAMENTALS, THEORY AND GENERAL

2a. General

6458 Slifkin, M.A., Bmarasiri, W.A., Schandorff, C. and Bell, R.: "Charge-transfer
thin-layer chromatography" of various biochemicals. J, Chromatogr., 235 (1982)
389 399 - comparison of plain silica gel on cellulose and that with covalently

ound xiboflavin; comparison of TLC and spectral behaviour; inconclusive
results.
6459 Van der Giesen, W.F. and Janssen, L.H.M.: Adsorption behaviour of several sup-

ports in reversed-phase thin-layer chromatography as demonstrated by the de-
termination of relative partition coefficients of some 4-hydroxycoumarin de-
rivatives. J. Chromatogr., 237 (1982) 199-213 - from the Ry vs. log oleyl al-
cohol loading plots adsorption was demonstrated on cellulose, silica and
kieselguhr, not on trimethylsilylated Kieselguhr.

See also 6555.
2b. Thermodynamics and theoretical relationships

6460 Oscik, J., Rozylo, J.K., Gross, J., Malinowska, I. and Chojnacka, G.: Pos-
sibility of calculating the Ry values in thin-layer chromatography using a
ternary mobile phase. Chromatographia, 15 (1982) 25-29.

2¢. Relationship between structure and chromatographic behaviour

6461 Palamareva, M.D., Kurtev, B.J., Mladenova, M.P. and Blagoev, B.M.: Chromato-
graphic behaviour of diasteroisomers. VI. Relative retentions of the diastereo-
isomers of 3-hydroxy-2,3-diarylpropionates on silica gel and their theoretical
interpretation. J. Chromatogr., 235 (1982) 299-308 - Rp values of 31 isomer
pairs; By vs. log C (diethyl ether) plots for 30 compounds.

3. GENERAL TECHNIQUES

3a. Apparatus and accessories

6462 Fedtke, M., Taenzer, W. and Weissbarth, H.: (Device for thermolysis-TLC
coupling in the analysis of organic compounds.) Ger. (East) Patent 147,578
(CL. GOIN25/00), 8 Apr. 1981, Appl. 217,189, 28 Nov. 1979; 7 pp.; C.A., 95
(1981) 231474k.

6463 Issaq, H.J.: A simple and economical apparatus for developing thin-layer chro-
matography plates in the anticircular mode. J. Liquid Chromatogr., 4 (1981)
1393-1400.

6464 Xlump, B. and Melchert, H,-U.: Erhéhung von Trennqualitdt und Reproduzierbarkeit
dlinnschichtchromatographischer Analysen mit Hilfe von isolierenden Styroporkdsten.
Z. Anal. Chem., 310 (1982) 252-253,

3c¢. Sorbents, carriers, column and layer performance, packing procedures

6465 Berezkin, V.G., Vinogradova, R.G., Rysiev, O.A., Chechevichkin, V.N. and Romanov,

F.I.: 1Investigation of some modes of flat-bed chromatography. J. High Resolut.
Chromatogr. Chromatogr. Commun., 5 (1982) 93-96.
6466 Okumura, T. and Kadono, T.: (Water-resistant reversed-phase thin-layer chroma-

tographic plate.) Eur. Pat. Appl. EP 38,571 (Cl. GOiN31/08), 28 Oct. 1981, JP
appl. 80/53,814, 22 Apr. 1980, 18 pp.; C.4., 96 (1982) 45649s.
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6467 Sebedio, J.-L. and Ackman, R.G.: Chromarods-$ modified with silver nitrate for
the quantitation of isomeric unsaturated fatty acids. J. Chromatogr. Sci., 19
{1981) 552-557.

6468 Volkmann, D.: Ionenpaar-Chromatographie von Basen auf reversed phase-Schichten.
Kontakte (Darmstadt), No. 3 (1981) 32-36.

3d. Quantitative analysis

6469 Ackman, R.G.: Flame jonization detection applied to thin-layer chromatography
on coated quartz rods. Methods Enzymol., 72 (Lipids, Part D) (1981) 205-252;
C.A., 96 (1982) 45592t - a review with 57 refs.

6470 Ebel, S. and Geitz, E.: (Introduction to quantitative thin-layer chromategraphy:
basics, possibilities, automation. Part 4.) Kontakte (Darmstadt), No. 2 (1981)
34-38; C.A., 95 (1981) 214555v ~ a review with 36 xefs.

6471 Ebel, S., Geitz, E., Hocke, J. and Kall, M.: Einflhrung in die quantitative DC:
Grundlagen, M&glichkeiten, Automatisierung (Teil 5). Kontakte (Darmstadt),

No. 3 (1981) 19-23.

6472 Such, V., Traveset, J., Gonzalo, R. and Gelpi, E.: Application of electronically
differentiated high-performance thin-layer chromatographic densitograms to the
assay of some preservatives used in pharmaceutical formulations. J. Chromatogr.,

234 (1982) 77-87 - first derivative transformation for guantification of un-
resolved components.

3f. Programmed temperature, pressure, vapours, gradients

6473 Berezkin, V,G., Starilova, S$.V., Bolotov, S.L. and Dedkov, Yu.M.: {(Chromato-
graphic separation of substances in a thin sorbent layer.) U.S.5.R. Patent

855,493 (Cl. GOIN31/08), 15 Aug. 1981, Appl. 2,836,001, 16 Aug. 1979; C.A.,
95 (1981) 231481k,

4, SPECIAL TECHNIQUES

4b. Combination of various chromatographic techniques

6474 6474 Andreev, L.V. and Belyakovich, T.G.: High performance thin-layer chroma-
tography coupled with capillary gas chromatography. J. High Resolut. Chromatogr.
Chromatogr. Commun., 5 (1982) 100-101.

6475 Lyle, S5.J. and Tehrani, M.S.: Pyrolysis-gas chromatography of separated zones
on thin-layer chromatograms. I. Apparatus and method. J. Chromatogr., 236
(1982) 25-30.

6476 Soczewinski, E. and Wawrzynowicz, T.: Thin-layer chromatography as a pilot
technique for the optimization of preparative column chromatography. .
Chromatogr., 218 (1981) 729-732.

6477 Soldati, F., Melera, A. and Schulten, H.-R.: Identification of HPLC-peaks with
on-line methods (UV, AR, CI-MS) and off-line methods (MIR-IR, HPTLC, FD-MS).
Planta Med., 42 (1981) 111.

5. HYDROCARBONS AND HALOGEN DERIVATIVES

5b. Cyelic hydrocarbons

6478 Aichberger, K.: (Determination of polycyclic aromatic hydrocarbons in com-
posted municipal waste by spectrofluorometry after thin-layer chromatographic
separation.) Landwirtsch. Forsch., 34, No. 1-2 (1981) 51-59; C(.A., 96 (1982)
40391s.

6479 Arashidani, K. and Kodama, Y.: (Simplified determination of benzo[ﬁ]pyrene in
alrborne particulates by the thin-layer densitometric method). J. UOEH, 3
(1981) 231-237; C.A4., 95 (1981) 224645p.

6480 LaVoie, E.J., Tulley-Freiler, L., Bedenko, V. and Hoffmann, D.: Mutagenicity,
tumox-initiating activity and metabolism of methylphenanthrenes. Cancer Res.,
41 (1981) 3441-3447.
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7. PHENOLS

6481

6482

6483

6484

Lemli, J., Toppet, S., Cuveele, J. and Janssen, G.: Naphthalene glycosides in
Cassta senna and Cassia angustifolia. Studies in the field of drugs containing
anthracene derivatives. XXXII. Planta Med., 43 (1981) 11-17.

Robertson, D.W., Katzenellenbogen, J.A., Long, D.J., Rorke, E.A. and Katzenellen-
bogen, B.S.: Tamoxifen antiestrogens. A comparison of the activity, pharmaco-
kinetics and metabolic activation of the c¢is and trans isomers of tamoxifen.

J. Steroid Biochem., 16 (1982) 1-13.

Sackmauerova, M. and Uhnak, J.: (Identification and determination of chlorinated
phenols in waters and in fishes.) Vodni Hoepod., B, 31, No. 5 (1981) 133-135;
C.A., 95 (1981) 231456f.

Sherma, J. and Sleckman, B.P.: Reversed phase thin-layer chromategraphy of
phenols on chemically bonded C;y layers. J. High Resolut Chromatogr. Chromatogr.
Commun., 4 (1981) 557-560.

See also 6480.

8. SUBSTANCES CONTAINING HETEROCYCLIC OXYGEN

8a. Flavonoids

6485

6486

6487

6488

6489

Abdel-Salam, N.A., Abdel-Salam, M.A. and Elsayed, M.A.: Determination of
flavonoids in Ricinug communis L. and Silybwn marianwm (L.) Gaertn. using TLC
differential kinetic method. Pharmazie, 37 (1982) 74.

Brum-Bousquet, M., Lallemand, J.Y., Tillequin, F., Faugeras, G. and Delaveau, P.:
Isolement et &tude du sarothamnoside, nouvel heteroside d'isoflavone de divers
Sarothamnus. Planta Med., 43 (1981) 367-374.

DuBois, G.E., Crosby, G.A., Lee, J.F., Stephenson, R.A. and Wang, P.C.:
Dihydrochalcone sweeteners. Synthesis and sensory evaluation of a homoserin-
dihydrochalcone conjugate with low aftertaste, sucrose-like oxrganoleptic
properties. J. Agr. Food Chem., 29 (1981) 1269~1276.

El-Masry, S., Omar, A.A., Abou-Shoer, M.I.A. and Saleh, M.R.I.: Flavonoid
constituents of Aegialophila pumila. Planta Med., 42 (1981) 199-201.
Wollenweber, E. and Clark, W.D.: Polyamid-DC und HPLC von Flavonoid-Aglykonen
- ein Vergleich. Planta Med., 42 (1981) 110.

8b. Aflatoxins and other mycotoxins

6490

6491

6492

6493

6494

6495

6496

6497

Emerole, G.0.: Excretion of aflatoxin B] as a glutathione conjugate., Fur. J.
Drug. Metab., 6 (1981) 265-268.
Furtado, R.M., Pearson, A.M., Hogberg, M.G., Miller, E.R., Gray, J.I. and Aust,

§.D.: Withdrawal time required for clearance of aflatoxins from pig tissues.
J. Agr. Food Chem., 30 (1982) 101-106.
Ghosal, S., Chakrabarti, D.K., Srivastava, A.K. and Srivastava, R.S.: Toxic

12,13-epoxytrichothecenes from anise fruits infected with Trichothecium roseum.
J. Agr. Food Chem., 30 (1982) 106-109.

Lovelace, C.E.A., Njapau, H., Salter, L.F. and Bayley, A.C.: Screening method
for the detection of aflatoxin and metabolites in human urine: aflatoxins Bj,
G1, M, Bpa, Gpa, aflatoxicols I and II. J. Chromatogr., 227 (1982) 256-261.
Maes, C.M., Steyn, P.S. and Van Heerden, F.R.: High-performance liguid chroma-
tography and thin-layer chromatography of penitrems A-F, tremorgenic mycotoxins
from Penicillium crustosum. J. Chromatogr., 234 (1982) 489-493.

Mochalov, V.I., Semenova, L.N. and Eremina, L.A.: (Determination of aflatoxin
content in milk.) Moloehn. Prom—st., 11 (1981) 13-14; C.A., 96 (1982) 50808x.
Sano, A., Asabe, Y., Takitani, S. and Ueno, Y.: Fluorodensitometric determina-

tion of trichothecene mycotoxins with nicotinamide and 2-acetylpyridine on a
silica gel layer. J. Chromatogr., 235 (1982) 257-265.

velasco, J.: Replacement of benzene as a solvent for aflatoxin standards. J.
Amer. 0%l Chem. Soe,, 58 (1981) 938a-940A.
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8c. Other compounds with heterocyelic oxygen

6498 salimbeni, A., Manghisi, E., Ferni, G., Fregnan, G.B. and Vvidali, M.: Synthesis
and pharmacological evaluation of some 2,3-dihydro-3-phenyl-1,4-benzodioxin
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INTRODUCTION

As in previous years we present here the Subject Index and the Index of Types
of Compounds Chromatographed. Because the methodological part differs substantially
in individual techniques, we have retained the subdivision system, using the fol-
lowing abbreviations: G = gas chromatography, C = liquid column chromatography,
E = electrophoresis, P = paper chromatography, and T = thin-layer chromatography.
In the Index of Types of Compounds Chromatographed all types of methods are indicated
in the individual entries by appropriate abbreviations. In entries that are heavily
populated by chromatographic papers we made a further subdivision into Techniques
and Applications. Reviews are always referred to separately. In the Subject Index,

materials and procedures in common use are not quoted as special entries.
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SUBJECT INDEX GC

Subject Index
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Please note that this index refers to the entry numbers in the Bibliography
Section. The entries have been published according to the following schedule:

Entries Vol./No. Entries Vol. /No.
1-1373 237/2 3025-4874 245/2
1374-3024 242/1 4875-7014 250
Gas Chromatography

Absorption, GC study 4902

—, reaction mechanisms 1377

Accessories for GC, thermostat, air
3068

— —, valve 3070

Adsorption and diffusion study, in GSC
4899

—, effect on resolution in capillary
GC 4962

—, — on retention index 4891

—, GC study 1386, 1390, 1629, 3055,
3359, 4898, 4899, 5074

—, role in GC, review 1378

— heat, GC determination 1392

Analyzer, automatic 4913

—, —, GC-MS, computer controlled
5336

—, continuous, accuracy 5345

—, process, evaluation system for
4973

Automatic analysis, applications
4981

— —, microporcessor controlled 3150

-— —, GC-MS, computer controlled
analyzer 5336

~— —, —, instrumentation 4922

Book, analysis of drugs by GC-MS 2,
4877

—, chemical methods in GC 1374

—, clinical applications of GC 3032,
4878

-, — — —, HPLC, MS 5

—, flavour and fragrance volatiles by
glass capillary GC 3030

—, GC with nonideal eluents 4887

—, glass capillary GC 3029

—, history, principles, practice 4885

—, properties of stationary phases
4882

—, pyrolysis GC in determination of
molecular weight of polymers 3025

3459,

—, solid supports 3026

Calibration, accuracy improvement 3105

—, microprocessor, of process gas chro-
matograph 31

—, syringe as feeding device for 1454

Capillary GC, all-glass sampling system
4907

— —, applications 42, 43, 48, 197,
1655, 3160, 3266, 3356, 3357, 3377,
3426, 3438, 3441, 3492, 3535, 4983 -
4985, 5029, 5031, 5091, 5099, 5115,
5122, 5131, 5139, 5169, 5173, 5188,
5208, 5279, 5354

— —, —, book 3030, 3033

— —, —, review 4, 1621, 5067, 5224,
5243, 5309, 5357

— —, colloid phases application 22

— —, effect of adsorption on retention
index 4891

— —, — — on resolution 4962

— —, glass, book 3029

— —, high resolution, techniques 93

-— —, techniques 60, 84, 179, 1448,
1836, 1565, 1672,

— GC-MS, applications 36, 39, 1458, 1493,

1612, 1620, 3528, 5077, 5078, 5099,
5107, 5204, 5210, 5322
— —, instrumentation 1426, 1441, 1496
— —, solid injection system 4906
— —, techniques 56, 66, 116, 3199
Carrier gas, flow programming 3074
— —, pressure programming in column 13
Chromatogram, evaluation, gquantitative
—, finger-print 3425, 3432
Chromatograph, gas, corrosion resistant
3066
—, —, for gas analysis 1599, 3067
—, —, integrated system 4916
—, —, multitemperature 1446
¥ , pneumatic 4918
—, —, portable 4921
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—, =, —, environmental protection
3065

-, —, —, miniaturized 4903

—, —, —, photoionization 4905

—, —, process, applications 1452,
4981

—, —, —, design 3063

—, —, —, for on-line control 32

—, =, —, microprocessor calibration,
accuracy 31

—, —, —, review 4904

—, —, radio, furnace tube 3075

—, =, with programmed carrier gas flow
3074

—, gas-thermal enerqgy analyzer, applica-
tions 79

Chromatography, boxcar, discussion 4972

—, supercritical fluid, column for 29

Collection and recovery, of organic

pollutants, critical parameters 5324

—, of volatiles 5217

Column, capillary, applications 70,
3528, 3529

-, —, comparison of various types 5134

-—, —, glass, applications 21

—, —, —, barium carbonate deactivated
4959

-~, —, —, book 3029

—, —, —, coating, static 4960

—, —, —, evaluation 1441

—, —, —, film coating, non-extractive
18

—, —, —, molecular weight distribution
of phase 4965

—, —, —, phase heat stability in 3240

—, —, — preparation 88, 1398, 1430,
1435, 3096, 3100

—, —, —, —, review 1424

—, —, —, SCOT, preparation 4947

—, —, —, wall-coated, preparation and
performance 3088

—, —, preparation 3356, 3357

—, —, separation efficiency evaluation
20, 1427

—, —, silaceous, activity 4956

—, —, silica fused, Pyrocarbon de-
activated 4958

—, —, theory and significance for high-
performance GC 3027

—, efficiency study 3108

-—, GC absorption reaction mechanisms in
1377

—, micro, cleanup 3201

—, open tubular, applications 1595

—, — —, support coated, preparation
3227

—, — —, wall coated, applications 31
3131, 5019, 5317

~—, — —, — —, Teflon 1425

—, preparative, industrial, design,
performance 3107

Computer, analytical applications

—, — —, review 3228

—, control of GC-MS analysis 4970

—, — of multitemperature GC 4919

4971
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-—, data system for education of chromato-
graphy 3039

-, — processing 3115

—, GC analysis optimization 1440

—, micro, in laboratory GC 4908

—, peak analysis 3038

—, programs for analyses 94

Computer-based evaluation system 4973

Computer-integrator 4912

Concentration, capillary pre-column for
1401

—, of head space compeonents

—, techniques 4915

Concentrator 1402

Data processing, of GC-MS, review 3242

Derivatization, preparation of derivatives
for GC 63, 69, 82, 84, 85, 87, 93,
101, 107, 1498, 1528, 1532, 1548, 1551,
3084, 3153, 3160, 3190, 3274, 5013,
5033, 5054, 5108, 5129

1404

—, — — for GC-MS 75, 3220, 5088, 5094,
5101

-, — — —, review 3124

Detection, qguadrupole system 4942

Detector, AFID, applications 3405, 5247

—, —, calibration 4929

—, argon plasma 3066

—, — —, lonization 5253

—, ECD, applications 55, 71, 88, 129,

135, 141, 154, 196, 1467, 1527, 1595,

1623, 3084, 3160, 3195, 3393, 3394,

3408, 3522, 3529, 3535, 4941, 5004,
5081, 5087, 5164, 5182, 5190, 5194,

5195, 5198, 5230, 5279, 5354
—, —, design 1408, 1422
—, —, performance 1411, 1413, 1414
—, —, response 3082

—, electrolytic conductivity, applica-
tions 5127

—, FID, applications

3450, 3535, 4923

1601, 3363, 3441,

—, —, —, review 4923

—, —, design 1423, 3079, 4924

—, —, metal sensitive vs carbon sensitive
4928

—, FID-NPD-FPD, splitter for 4937

—, —, performance 1410, 1418

—, —, response study 4933

—, —, silicon sensitive, response 3083

—, flame photometric, applications 67,
96, 107, 4937, 5104, 5105, 5127

—, — —, design 3085

—, — —, dual-flame, performance 4939

—, — —, statistical analysis of response
4938

—, — —, sulphur, performance 1412

—, flame thermionic, applications 49

—, for nilrosamines 5073
—, gas, noble, review 1417
—, helium, performance 1407
—, ionization, aerosol 1416
-—, =, Cross-section 1416
~—, =, design 1419

—, —, review 1417

— IR 3145, 4925
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—, nitrogen, applications 15, 134,
142, 1549, 1605, 3339, 3364, 3400,
3402, 3411, 3414, 3453, 3458, 5079

—, nitrogen-phospheorus, instrumenta-
tion 4948

—, —, specific, applications 3456,
5100, 5167, 5174, 5251

~——, optimization, method 4930

—, oxygen selective, for GC 3077

—, photoionization, design 4934

—, —, performance 1421, 3078

—, —, review 1415

—, plasma emission 3138

—, radiation, review 1417

—, response study 4933

—, TID, applications 15, 3331

—, —, construction 14, 1423

—, UV spectrometric, applications
3336

Elemental analysis, GC method 3306,
4978

— —, — — and apparatus 1449

Eluents, nonideal, in GC, book 4887

Error, specific retention volume 1511

GC-atomic absorption spectrometry,
applications 3304, 3305, 5109,
5364

GC-IR, applications 5098

—, —, review 3422

—, search system 4927, 4935

GC-IR-MS, direct-linked system 4976

GC-mercury analyzer 1553

GC-MF, applications 152, 3195, 3234,
3248, 3249, 3285, 5102, 5177

—, techniques 1409, 1603

GC-MS, applications 33, 72, 89, 146,
147, 1450, 1451, 1456, 1457, 1499,
1539, 1541, 1619, 1655, 3169, 3218,
3252 - 3254, 3264, 3267 - 3269, 3273,
3277, 3286, 3297, 3299, 3301, 3309,
3315, 3316, 3318, 3363, 3367, 3372,
3380, 3383, 3385, 3386, 3389, 3396 -
3398, 3403 - 3407, 3412, 3413, 341le,
3418, 3419, 3424, 3431, 3443, 3446,
3447, 3451, 3469, 3471, 3493, 3507,
3516, 3525, 4888, 4974, 4987, 5006,
5009, 5021, 5042, 5052, 5054, 5055,
5058, 5063, 5064, 5066, 5084, 5088,
5090, 5096, 5098, 5111, 5113, 5118,
5144, 5160, 5165-5167, 5179, 5185,
5188, 5189, 5191, 5194, 5196, 5227,
5232, 5236, 5238, 5240, 5241, 5247,
5272, 5276, 5280, 5313, 5321, 5328,
5346, 5353, 5371

—, —, book 2, 4877, 4878

-, —, review 1513, 3035, 3235, 3269,
3388, 3435, 4880, 5171, 5172, 5223,
5321

—, computerized 3218, 3513, 4970

—, —, review 3228

-, data processing, review 3242

—, factor analysis of spectra 4977

—, in monitoring refuse incineration,
review 5368
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—, instrumentation 1459, 3061, 3117,
3218, 4920, 5336

—, physico-chemical process study 3272

—, review 1375, 3228, 3269, 3280, 3388,
3415, 4886

-—, techniques 18, 57, e8, 73, 76, 80,
110, 126, 128, 155, 1420, 1444, 1453,
1590, 1598, 3061, 3081, 3114, 3118,
3120, 3123, 3127, 3137, 3198

GC-NMR, applications 4994

—, Fourier transformation of fractions
4926

GC, partition, of multicomponent mixtures
3116

—, —, properties of phases 4882

GC-plasma emission spectroscopy, review
3080

GC-UV, applications 5365

Head space analysis 3241, 3437, 3439,
3485, 3510, 3514, 3517, 4914, 4990,
4991, 5048, 5131, 5213, 5251, 5361,
5362

— — —, dynamic 5369

— —, preconcentration 3307

— — GC-Ms 1459

High pressure, GC 11

Injection, direct on-column, in capillary
GC 1448

—, — vacuum line 3472

—, helium jet system, coupling to column
4902

—, of liguids, methods and apparatus
3069

—, on-column, cooling system for 3064

—, pulse, coupled with chemical reac-
tion 30

—, solid 4906

—, syringe handling techniques 4910

—, syringeless 1403

Inlet for GC and GC-MS of food volatiles
12

Instrumentation, latest developments,
review 3368

—, nonlaboratory GC, review 4876

Inverse, GC, structure study 5153

Mathematical analysis, of GC behaviocur,
equations 4893

Modelling, GC of olfactory system 4901

—, mathematical, in structure study
5151

MS, ion monitoring, multiple selected,
review 149

Multitemperature, GC, computer controlled
4919

Optimization, of derivatization 5094

—, of GC analysis 3506

—, — —, review 1440

—, — analytical techniques 4979

—, — detector 4930

—, — separation, mathematical methods
5316

—, — —, simplex 5042

—, of pyrolysis-GC 5151

Packing, chemically modified, preparation
17
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—, for vinyl acetate 3352

—, plasma modified 26

—, Silochrome 80 - dinonyl phthalate,
preparation 4949

-, surface of, interaction study 3359

Peak, analysis, in GC-MS 3114

—, —, statistical 3037, 3038, 3104

—, moment, for GC columns with pressure
drop 9

—, overlapping, numerical resolution
4968

Phaze, Apiczon L, application 1460

—, —, sorption on 5074

-—; azaphesphelene derivatives, p
tion for GC 1436

—, Bentone 34, applications 140

—, Carbowax 20M, applications 3240

—, — —, heat stability 3240

—, Celite, sorption on 5074

—, chemically bonded, applications 70

—, colleoid, applications in capillary
GC 22

—, cyclosiloxane, chromatographically
bonded 3087

repnara—
LEDA L

—, liquid, relative polarity 4890

—, — crystal, analysis of mixtures
3028

—, — —, GC applications 83, 1434,
1464, 1481, 4967

_, — —, — —, review 3036

-, — —, — performance 1442, 1478,
3041, 3042, 3045

—, — —, in GC, electric field effects
25, 3102

—, — —, nematic mesophase order
3049 4963

~—, — —, properties 4964

—, quantity and support effect on
properties 24

—, — —, smectic mesophases 4951

—, — —, — phenylpyrimidines 4953,
4983

—, metal complexes, optically active
3168

—, methylphenylperfluoroheptanamide,
application to perfluorocarbons 38

—, mixed, polar-nonpolar 4950

—, —, polymer 1432

—, —, retention index approximation
4950

—, mobile, vaporous, review 1376

—, —, —, sorption effects 3112

—, —, —, temperature effects, pre-
parative separations on 3110

—, optically active, chiral aminopropyl-
methylsiloxane 3091

r

—~—, — —, chrysanthemoylnaphthylethyl-
amine 4936

—, — —, resolution of enantiomers of
alcohols 40, 4995, 5080

—, — —, — — of amino acids 91, 1536,
3043, 3094

—, — —, — — of aromatic amines 3251

—, =— —, — — of dipeptides 3278

— — of drugs 5160
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' — — of hydroxycarboxylic
acids 52 53, 3044

~—, — —, — — of spiroketals 3168

—, pluronic F68, heat stability 3240

—, silica, alkyl chain graphed, molec-
ular transition by GC 3056

—, —, octadecyl bonded 3059

—, silicone, coating 3092

—, — fluid DC 550, applications 1460

—, siloxane, coating 3092

—, stationary, alkyl phthalates 4896

—, —, Chirasil-val 3271

—, —, for capillary GC 3356, 3357

—, —, for vinyl acetate determination
3353

—, —, heat stability in capillary
column 3240

—, —, heterocycles 3247, 3255

—, —, high temperature 3293

—, —, nitrogen heterocycles 3246

—, —, nucleosides 3247
' , oxydipropionitrile 3345

—, —, paraffinic, selectivity 4952
i , polarity determination 4894

—, —, polyglycol, molecular weight
dlstrlbutlon 4965

—, —, properties, book 4882

—, —, silver nitrate 4944

—, —, sorbitan esters 4948

—, —, sorption capacity vs. polarity
19

—, —, SP-2510 5199

—, —, Vupol 500 4961

—, —, — 700A 4961

—, —, — 700B 4961

Physico-chemical constants, GC determi-
nation 1388, 1389, 1395, 1396, 3048,
3355, 3360, 4900

— processes, study by GC 1382, 1384,
1391, 1394, 1529, 3051, 3054, 3352,
5150

— —, study by GC-MS 3272

— properties, study by GC 99, 1385,
3250, 3348, 5156, 5288

Pre-concentration, head space 3307

—, on Tenax 5079

—, techniques 1505, 5331

—, —, review 5367

Preparative GC, all glass system using
capillary columns 1405

— —, applications 4988

— -—, industrial 3106, 3107

— —, on vapour mobile phases 3110

Process control, by GC 4917

Programming, flow, of carrier gas 3074

-, of thermal desorber 4921

—, pressure, of carrier gas in GC
column 13

—, temperature, linear, in relative
retention contyol 4892

—, —, PTGC in analytical toxicology.
review 5214

Pyrolysis-GC, applications 174, 1483,
1540, 1573, 1577, 3129, 3348, 3349,
3354, 3358, 3362, 3417, 3489, 3509,
5089, 5148, 5149, 5219, 5283
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—, instrumentation 1406

—, normalization in 5291

—, reproducibility 5145

—, review 1567, 3025, 3361

—, structure study, mathematical
modelling 5151

—, techniques 117, 1568, 1571, 1652

—, vs. TGA 5150

Pyrolysis-GC-IR 5294

Pyrolysis-GC-NMR 5294

Quantitative GC, techniques 1558, 1659

Quantitative GC, preparation of
standards 4969

— —, techniques 48, 51, 58, 81, 83,
85, 98, 115, 121, 138, 173, 181, 1503,
1519, 1545, 1609, 1642, 1661, 3133

Radio-GC, applications 3389, 4883, 5026,
5030

—, furnace tube for 3075

Reaction chromatography, application
to GC analysis 1668, 1670, 3192,
4986, 5106, 5154

— ——, frontal, applications 3125

— —, process study 1377, 1428

— loop, glass capillary 1399

Reactions, GC study 1391, 1393, 1394,
3147, 3184

—, GCS study 1629

Retention behaviour, of aldonitriles
5017

— index, approximation for mixed phases
4950

— —, calculation in linear temperature
programmed capillary GC 3047

— —, effect of adsorption 4891

— —, in analytical toxicology, review
5214

, mathematical concept 1381

— —, measured 3287, 4982

, studies 1380

— —, vs. retention time 4895

— —, Vs. structure 1543, 5103

—, relative, linear temperature program-
ming in control 4892

—, —, studies 167

—, study of affecting factors 34

— time, measured 3298

— —, pressure and temperature
effect 4946

— — vs, retention index 4895

— volume, specific, effor determination
10

— vs, molecular connectivity 3046

Reversed-phase, GC, applications 5288

—, —, techniques 111, 114, 1574, 1578

Review, adsorption role in GC 1378

—, applications of capillary GC 4,
1621, 5067, 5224, 5243

-, —of GC 1, 3, 7, 28, 1555, 1566,
1637, 1647, le64, 3159, 3174, 3196,
3212, 3214, 3236, 3334, 3368, 3390,
3415, 3422, 4878, 4884, 5000, 5239,

« 5301, 5309, 5310, 5323, 5357

—, — of GC-IR 3422
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—, — of GC-Ms 1513, 3035, 3235, 3269,
3280, 3388, 3435, 4880, 5171, 5172,
5223, 5321, 5368

—, aspects of isolation and concentra-
tion of organic volatiles 5367

—, chemical derivatization in GC-MS
3124

—, chromatography with vaporous mobile
phase 1376

—, FID in hydrocarbon analysis 4923

—, GC deferred standards 4911

—, GC-MS 1375

—, —, data processing 3228, 3242

—, GC on liquid crystals 3036

—, GC-plasma emission spectroscopy
3080

—, heart cutting in GC 3060

—, multidimensional HPLC 3033

—, nonlaboratory GC apparatus 4876

—, optimization of computer GC 1440

—, principles and applications of GC-MS
4886

—, process gas chromatograph 4904

—, pyrolysis GC 1567, 3361

—, retention indices and PTGC in
analytical toxicology 5214

—, selected topics in analytical GC
3031

—, separation factors and thermodynamic
properties prediction 8

-—, thermodynamic aspects of GC sorbents
polarity and selectivity 7

Sampling, all-glass system 4907

—, batching apparatus for 1400

—, head space 113

—, in GC-MS 5346

—, instrumentation 1397, 4909

—, techniques 160, 1448, 1666, 3521,
4910

Separation factor, gas-liguid prediction
8

—, of permanent gases, in GSC 5258

Simulation, model for GC 1379, 4901

Sorbent, alumina, gamma, polarizing
power 1387

—, —, modifications 3101

—, aluminium black, preparation and use
in GC 1437

—, carbon, activated, adsorption on
4899

—, —, —, characteristics, preparation
4980
—, —, —, porous, preparation and

properties 3090

—, — black, graphitized, adsorption
study on 1386

—, — — graphitized-Chromosorb W 4945

—, Carbosil, surface properties 4954

—, cation exchange resin, GSC on, study
1383

—, Cesite, GSC on 3086

—, clay, organic 3161

-, clinoptilolite, adsorption properties
4955
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—, fluorocethylene ethylene copolymer,
preparation and applications 3097

—, lanthanide metal chelates, prepara-

tion for GC 1438

—, molecular sieve 13X, polarizing
power 1387

—, silica-carbon, preparation, pro-
perties 23

—, silica gel, surface area vs. coating
3040

—, — —, — properties 4954

—, —, porous, microparticle 3089

—, XAD resin, applications 1673

Sorbents, polarity and selectivity.
review 7

—, polymer, pyrazole containing 3095

—, Zeolite layer on, preparation 16

Steam, GC, applications 200, 1447,
3111

Stripping, head space 5369

Supercritical, GC-MS 3121

Support, Carbowax modified, retention
study on 1431

—, chemically bonded 3093

—, coating study 1439

—, Diatomite, preparation 3099

v
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—, Glauconite, adsorption character-
istics 4966

—, high liquid loaded 3302

—, kaolin, surface interactions 3346

—, Kieselguhr, Pyrocarbon deactivated
4957

—, new type 1433

—, PTFE, surface interactions 3346

—, silanized, retention study on 1431

—, solid, book 3026

Thermochromatography 1552, 1632

—, solid-phase study by 3053

Thermodynamics, excess properties 4897

—, prediction of propertics, review 8

—, study by 6C 1570, 3048, 3051, 3057,
3058, 4890, 4902, 5074

Trace analysis 1505, 3062, 3231, 3307,
3341, 3413, 3446, 3459, 3473, 3475,
3476, 3480, 3504, 3528, 3530, 3533,
3535, 3538, 4884, 4986, 5078, 5081,
5085, 5109, 5115, 5118, 5139, 5174,
5204, 5246, 5255, 5260, 5270, 5277,
5279, 5331, 5333, 5361, 5364

Trapping, of phosphine 5262

—, purge-and-trap technique 5373

Zeolite, layer on sorbent, preparation
16
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Liquid Column Chromatography

Accuracy in gradient LC 1702 — —, sorbents, review 5564
N-~Acetylaminopropyl silica 5942 Agarose 3752, 3926
Acetylated Sephadex 1767 — bound Procion Red 539
Ac—-lew-AH-Sepharose 4014 —, B-cyclodextrin bonded 3638
Adhesion chromatography 2434 — hexane NADP 3957
2',5'-ADP-Sepharose 4B 3956 — mercurial chromatography 530
Adsorbents for separation of cells 4305 AGHP 1 ion exchanger 3949, 4016
Adsorption capacity 5403 AGMP SO cation exchanger 1938
— enexgy 5402 AH-Sepharose 3965, 4002
— equilibrium constant 1711 Alkyl agarose 450
— lisotherm 223 — — homologous, as sorbents 5515
Affi gel Blue 2008, 6014 — silica stationary phases, review 203
Affinity adsorbents with polysaccharide Altex C)g 1914
spacers 3625, 3626 — liguid chromatograph 5890
— chromatography, applications 286, — ultrasphere IP 615, 2195
333, 336, 337, 338, 340, 341, 343, Alumina 3796
442, 449, 451, 453, 455, 466, 480, — activity adjusting 5500
482, 486, 487, 490, 492, 495, 496, — mini columns 1917
497, 498, 501, 504, 506, 509, 510, Amberlite IR-120B 2130
541, 513, 544, 5156, 518, 519, 520, — IRA 400 6389
522, 523, 525, 536, 539, 545; 530, — IRA 410 2130
554, 716, 1831, 1858, 1860, 1861, — XAD-2 300, 2198, 3728, 4132, 4159,
1865, 1916, 1981, 2006, 2007, 2008, 5775, 6389
2009, 2013, 2014, 2015, 2035, 2039, — XAD-7 5775
2043, 2044, 2045, 2050, 2058, 2063, Aminco high performance liquid analyzer
2065, 2068, 2069, 2070, 2075, 2079, 3843
2086, 2091, 2433, 3624, 3625, 3626, Aminex A5 718
3627, 3694, 3695, 3697, 3705, 3706, — HPX-87 1870, 6373
3707, 3709, 3904, 3907, 3015, 3020, Amino-alkyl agarose 450
3923, 3928, 3935, 3946, 3952, 3953, p-Amino-benzamidine Sepharose 520
3955, 3956, 3957, 3962, 3964, 3966, Aminoethylcellulose 2099
3970, 3971, 3972, 3976, 3983, 3985, Aminopropyl bonded silica 6070
3986, 3988, 3991, 3993, 3994, 3997, — phases 271
3998, 3999, 4008, 4009, 4011, 4014, Amperometric detection 2142, 3591, 3713,
4038, 5560, 5668, 5676, 5857, 5927, 3813, 3821, 5383, 5468, 5605, 5757,
5933, 58943, 5951, 5955, 5957, 5959, 5838, 6255, 6286, 6373
5962, 5965, 5966, 5974, 5997, 5998, 5'-AMP-Sepharose 481, 5443
6000, 6001, 6002, 6003, 6008, 6010, Analysis time, effect upon resolution
6018, 6019, 6020, 6031, 6032, 6390, 1707
6412, 6415 Antibody-Sepharose 5933
— —, —, review 1831 Antipoly (I).poly(C) antibody cellulose
— —, book 1696 4038
— —, carbohydrate ligands 5574 Apparatus, enzyme detection 2055
— —, determination of ligands 5573 — for dry packing 261
— —, — — rate constants 218 — — column packing 1814
— —, dissemination dynamics 5567 — — continuous analysis 5446
— —, high performance, resolution 5568 — — HPLC, new types 278
— —, large scale 5576 — - LCC new types 240, 241, 277, 1727,
- —, molecular aspects 1808 1732, 1739, 1740, 1741
— —, new sorbents 285, 3919, 3928, — — recycling LCC 275
5558, 5559, 5562, 5563, 5565, 5569, Applications of liguid column chromato-
5511, 5576 graphy to various filelds of science
— —, nonlinear plate model 1811 and technology, reviews 205, 206,
— —, non-specific sorption 5566 208, 323, 324, 362, 465, 640, 646,
— — on triazine dyes 5561 736, 738, 1675, 1677, 1697, 1828,
— —, prediction of elution profiles 1851, 1919, 1991, 1998, 2051, 2052,
1809 2053, 2054, 2135, 2188, 2189, 2248,
— —, review 1808, 1810, 3548, 5570, 2250, 2367, 2368, 2369, 2370, 2372,

5575
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2373, 2375, 2376, 2391, 2427, 4023,
5939, 5969

Argentation chromatography
1875

— HPLC 3746

L-Arginine~CH-Sepharose 522

ASTM standards 5535

Atomic absorption detector 2404

ATP-Sepharose 2086

Automated data reduction 6226

-~ LC, applications, review 323, 324

Automatic analysis of chromatogram
records 1803

Automation 239, 280, 1801, 1964, 2029,
3654, 3802, 4061

— of GPC 5659

Avidin-biotin sorbent 5510

Band spreading 3551, 5411

Base width, effect of sample volume 224

Beckman AA 10 resin 398

— AA 15 resin 422

Bimodal columns 5527

Binary solvent mixtures

Bio-beads SX 3 2201

Bio-gel A 1.5 m 337, 501, 505, 3989

— — A 5m 455, 3948

— — A 15 356, 3948

, B-cyclodextrin bonded 3638

1871, 1872,

3564, 3566

— — P 2 1990, 3848
— — P 4 330, 338, 344, 375, 3682
— —P6 329

— — P 10 1983, 5923

— — P60 500

— — P 100 526, 528

— — P 300 513

Biophase Cyg 5614

Bio-Rad 50 W 4282

— — AG!l 4282

-— -— HPX-85 3683

-~ — RP 18 424

Bio-Rex 70 463, 1933, 1941, 2127, 3930,
3944

Bio Sil HA 1878

Blue dextran 6006

— — Sepharose 487, 488, 496, 2083

BND-cellulose 2109

uBondagel 230

uBondapak 318, 320, 4264

— alkyl phenyl 639, 684, 706

— C1s 345, 349, 373, 380, 403, 404,
412, 415, 417, 426, 563, 567, 572,
592, 595, 600, 618, 626, 643, 650,
663, 664, 665, 667, 669, 673, 674,
688, 689, 699, 701, 703, 704, 711,
1837, 1882, 1901, 1902, 1938, 1947,
2085, 2098, 2121, 2125, 2149, 2184,
2193, 2195, 2198, 2199, 2216, 2259,
2264, 2269, 2288, 2295, 2318, 2348,
2358, 3660, 3666, 3673, 3676, 3726,
3729, 3788, 3789, 3797, 3805, 3806,
3829, 3866, 3867, 3881, 4019, 4020,
4048, 4052, 4058, 4095, 4107, 4118,
4143, 4149, 4164, 4175, 4177, 4183,
4191, 4198, 4221, 4225, 4226, 4234,
4240, 4246, 4254, 4257, 4260, 4261,
4263, 4281, 4299, 4312, 5619, 5622,

BIBLIOGRAPHY SECTION

5698, 5714, 5745, 5799, 5886, 5912,
6024, 6037, 6117, 6210, 6241, 6244, "
6245, 6246, 6249, 6294, 6297, 6300,
6336

-— carbohydrate 331

— CN 639, 2322, 6090, 6253

— NHp, 2272, 5610, 6090, 6126

— phenyl 597, 2145, 2322, 2341, 3716,
3726, 3727, 6090, 6140

Bonded ligand structure 3558

Bond Elut 6313

Books on affinity chromatography 1696

— - chromatography, detection 258

, general 1695, 2227

— — —, HPLC 1676, 1682

— —— -—, theory 1693

—, optimization in HPLC 1684, 1694

Brushite, immebilization of enzymes 5565

Buffer(s) focusing chromatography 5944

— for HPLC 3846

-— memory 283

Calcium phosphate gel 6005

Calculation of solvent composition 216

Calibration for molecular weight estima-
tion, universal 4169

— of GPC 1721

Calmodulin~Sepharose 498

Capacity factor 3558, 3605, 3644, 5415

, effect of pH 3728

— —, effect of temperature 3601

— — on hydropholic sorbents 3571

— ~—, prediction 3574

— ratio 223, 299, 374, 435, 644, 3601

Capillary columns 3584, 3609

— —, flow characteristic 5449

— hydrodynamic chromatography 288

Carbon adsorbents 5596, 5695

-~ pastes, for voltammetric detector
3590

1,1'~Carbonyldiimidazole activated
matrices 5962

Carbopack B 6194

4-Carboxybenzaldehyde-coupled AH
Sepharose 4B 2058

Carrageenan beads 5503

Cartosil 3595, 3604

Casein-Sepharose 497, 501, 3999

CC-Sepharose C7NHp 522

Celite 372 1906, 1909

— 535 3775

— ethylene glycol 377, 3778

Cellex P 2129

Cells, immobilized 3904

Cellulose 3662, 3689

Cerium(IV)phosphate 4289

Charcoal 712, 1835

~— Celite 344

Charge transfer acceptors for HPLC 1772

Chemical ionization-mass spectrometexr
244

Chemically bonded phases, cyclohexyl
3558

— - —, new types 271, 1710, 3552,
3558, 3578

Chemical reaction detector 254, 1754

— — —, review 1754
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Chemiluminiscence detector 250, 257,
3849, 5846

Chiral charge-transfer acceptors 5424

— stationary phase 3844

€~Chloro-10-(aminopropyl)phenothiazine-
affi gel 10 3923

7-Chloro~4-nitrobenzofuran as
fluorescence label 682

Chromatogram(s), corecting for
instrumental widening 1788

— records, automatic analysis 1803

Chromatographic kinetic, effect of steric

factors 218
— porometry of sorbents 1785
— standards 1881
Chromatography, history 219
—, role in industry 5397
Chromegabond Cjg 4175, 6180
— NHy 6242
Chromobeads type A 421
CH-Sepharose 4B 3996, 4102
Cibacron Blue 36-A-Sepharose 2065
— — a~-glucan as sorbent 336
— — F 36 bonded silica 5945
— — Sepharose 3970, 3972, 5959
Clean up methods 3607, 5579
Cz2 Magnusil 293
CM-cellulose 500, 512, 530, 3924,
3929, 3944
CM-Sephadex 479, 487, 598, 3987, 4120,
6014
CM~Sepharose CL-G B 484, 3980
CM-trisacryl M 3596
CN-Silica gel 579
Coglucosidase-Sepharose 511
Column construction 3608, 5457, 5463,

5464
— coupling 3585
— efficiency 3690, 5693

— for HPLC, comparison of performance
3568, 5448

— -— RPC 1726

— geometry 3570

—, large bore, coated 6409

— lenght, effect upon resolution 1707

—, new design 1730, 1736, 1738, 1745

— packing 236, 261, 265, 267, 269,
1735, 3577, 3578

-— —, apparatus 1735

— performance 3606, 5519, 5523

— switching 5537, 5601

— —, automated 3579

— temperature 5598

Combination of LCC and TLC 5511

Comparison of HPLC and GC 5590

— — molecular dimensions obtained by
chromatography and X-ray diffrac-
tion 5437

Competitive binding 284

Computer controlled pump programmer
5548

Concanavalin A-Sepharose 341, 451, 466,
490, 495, 504, 506, 513, 716, 2035,
5670, 5776

Concentration effects in GPC 3570
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— of injected solution 214

Conductometric detection 6395, 6396,
6397

Continuous analysis 5446

— flow voltametry 1764

— LC 1790

Controlled pore glass, see CPG

CO:PELL ODS 2198, 2352, 6087, 6180

Copper-bis carboxymethyl amino Sepharose
6B 3928

Correlation factors for structure 6090

— of chromatography with molecular con-
nectivity 5854

Cortisol-Sepharose 3946

Countercurrent chromatography 3614, 5382
— —, applications 5581, 5582
— —, review 5382, 5582

Counter ions 639

Coupling of proteins to Sepharose 5563

Covalent chromatography 1996, 5936

CPG 475, 2016, 3560, 4306, 6229

Clg-Sepharose 3915

C1g Sep Pak cartridge
2270, 2281

CSN-Sepharose 3698

Cyclodextrins as sorbents 5392

Cyanopropyl bonded silica 6070

Data program 3580

— reduction 5533

— —, automated, in GPC 6226

— —, on line 3580

Dead time in reverse phase chromatography
3567

DEAE amylose 2034

— Bio-gel A 2155

— cellulose 297, 359, 375, 446, 457,
469, 478, 488, 490, 494, 495, 502,
512, 526, 537, 580, 583, 2025, 2047,
3947, 3963, 3975, 3977, 3978, 3979,
4003, 4004, 4012, 6050, 6068

— Sephacel 338, 448, 457, 481, 487,
492, 516, 2072, 3982, 4001, 5443,
5679

~—— Sephadex 361, 467, 481, 488, 494,
499, 507, 517, S26, 531, 533, 548,
588, 648, 2003, 2417, 3948, 3987,
4003, 4004

-~ Sepharose 450, 478, 508, 1992, 3710,
3961, 3976, 3980

— Spheron 299, 644

Degassing apparatus 1733

Derivatization, post column

—, pre column 4198

— reagent 246

Detection amperometric 2142, 3591, 3713,
3813, 3821, 5383, 5468, 5605, 5757,
5838, 6255, 6286, 6373

—, atomic adsorption, flameless 4282

—, conductometric 6395, 6396, 6397

— methods, comparison 4066

— procedures 3589

—, review 5377, 5383, 5394, 5396

—, solid scintillation radioactivity
251

Detector, amperometric
5614

1893, 1913, 2144,

5799, 6108

2149, 3591, 3713,
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—, atomic absorption 2404, 6116, 6117

—, characteristics 5465

—, chemical reaction 254, 1754

——, chemiluminiscence 250, 257, 5846

—, dielectric constant 3588, 5467

—, dual 1760, 5481

—, electrochemical 247, 248, 401, 402,
1751, 1757, 1764, 1942, 1952, 1974,
2122, 2160, 4074, 5471, 5476, 5478,
5483, 5487, 5496, 5498, 5821, 5837,
5891, 6011, 6098, 6175, 6274, 6372

—, enzyme thexmistor 5443

—, flame emission 4081

—, —— ionization 264

—, fluorescence 256, 258, 287, 304,
1743, 1753, 1758, 1761, 1765, 2127,
2214, 5473, 5495, 5497, 5533, 5799,
5849, 5862, 6004, 6012, 6124, 6131,
6251, 6256, 6275, 6389

—, infrared, on line 6201

— in HPLC, review 1752

—, lon pair extraction 2415

—, laser based 5499

—, laser-induced photoacoustic 252

—, liquid ionization 1762

— monitoring 5469

—, multi-channel 1750

-, multivavelength 1755, 5472, 5484

—, new types 1756, 5466, 5477, 5480,
5481, 5488

—, nitrogen selective 5486

—, on column 259

—, permittivity 3587

—, photoconductivity 5489

—, photometric 249

—, polarographic 5484

—, potentiometric 243

—, quenchfluorometric 5482

—, reaction 5474

—, refractometric
4109, 5470, 5491

—, thermal lens calorimetry 5485

—, ultraviolet 245, 1759, 3635, 6403

—, mass spectrometer 1746

—, UV-amperometric in series 6373

—, UV-RI 6228

—, variable wavelength
5491, 5523, 5648, 6386

—, viscosimetric 5407

—, voltammetric 255, 1958, 6245, 3590

Develosil 3856

Dextran—sulphate Sepharose 518

Dextropak 335

Diaion CDR-10

— HP 20 4120

Diastereomers, separation 1840

Dielectric constant detector 3588,
5467

Differential frontal analysis 3719

Diffusion 220

piffusivity, intraparticle 1711

Diol bonded phases 6222

Dionex 2404, 6397

Dispersion of chromatographic bands
1705

Digpersion of peaks 5441

1749, 3588, 4104,

1748, 5490,

3891, 4033, 6325

BIBLIOGRAPHY SECTION

Displacement chromatography 5580

Disposable ion exchange columns 2120

Dissociation constant 231

Distribution coefficient 3566

— equilibria 217

DNA-cellulose 375, 376, 523, 524, 2071,
2165

Donnan exclusion chromatography, review
1706

Dowex 21K 3689

Drift 5535

Droplet countercurrent chromatography
204, 1804, 1873, 6074

— — —, review 5380, 5387

Dry column chromatography 702, 1895

— packing 261

Dual detectors 1760

Du Pont Model 850 liguid chromatograph
3618

Durrum D-400 amino acid analysexr 1973

— D-500 column 3865

— DC 6A 4213

Duramat dosing pumps 5458

Dynamically modified silica 6268

Dye ligand({s) 2050

— — chromatography 5577, 5578
see also particular dyes

Effect of ionic strength 6229

Effluent curve, assymetric 225

Electric resonance chromatography 3631

Electrochemical detector(s) 247, 248,
1751, 1757, 1764, 1942, 1952, 1974,
2122, 2160, 3823, 4074, 5471, 5476,
5478, 5483, 5487, 5496, 5497, 5891,
6011, 6175, 6274, 6372

— —, review 5479

— detection 401, 402, 3809, 3810, 3814,
3819, 3830, 5821, 5832, 5837, 5844,
5869, 6098

Electrokinetic streaming current 3573

E-linear columns 5527

Eluent effects 5516

Elution volume 214

— — in GPC 1722, 1723

Enantiomer resolution 271, 3643, 3718,
3824, 3844, 3851, 3856, 3870, 5400,
5430, 5584, 5876, 5881, 5888, 5902,
5903, 5918

Enzyme reactor 5536

— thermistor 5443

Epimers resolution 5738

Errors, source in LC 1704, 1763

—, UV detection 1763

Evaporation of eluates, apparatus 1734

Exclusion chromatography, see GPC

Extraction chromatography 272, 1773,
6388

Extrathermodynamic relationships in HPLC
1714

Extrelut 1911, 5754

Ferric phosphate as sorbent 6392

Field flow fractionation 6411

Fillers for chromatographic columns 5455

Flame ionization detection 3747

-~ — detector 264

Flexible columns 3583, 3873
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Florisil 572, 607, 617, 742, 2073, 3659,
3662

Flow cell 5493

— equilibrium 6221

— reversal 1812

Fluid dispersion coefficient 1711

Fluorescamine 744

Fluorescence detection 296, 370, 396,
415, 562, 570, 591, 616, 662, 717,
1824, 1937, 2127, 3666, 3673, 3747,
3765, 3792, 3801, 3803, 3815, 3825,
3828, 3833, 3847, 3850, 3853, 3854,
3857, 3864, 3868, 3869, 3968, 4062,
4146, 4198, 4293, 5475, 5498, 5533,
5799, 5833, 5836, 5849, 5862, 5886,

6004, 6012, 6108, 6112, 6124, 6131,
6251, 6256, 6275, 6389

~— —, enhancement 1842

— detector 256, 258, 287, 304, 1743,
1753, 1758, 1761, 1765, 2214, 5473,
5495

—, differentiation of different species
287
—, B-induced 6404

— labeling 3850, 3853, 3854, 3867, 5808
— spectra 5496
Fluorinated ligands 3599

7-Fluoro-4-nitrobenzo-2-oxa-1,3-diazole
as fluorescent label 3867

Fourier transformation, fast

Fraction collectors 1734,

— — controller 3581

— — for HPLC 5459

Fused silica narrow bore column

— — tubing 3584

Galactosyl-Separon

Gal NAc-Sepharose 3986

Gal N-Sepharose 4B 3705

Gel chromatography, multi sample

— —, partition coefficient 3936

—, hydrophilic, review 5520

— solvatation 1767

GFAA detector 2135

Glass columns for HPLC 1738

Glassy carbon electrode 5824

B-Glucuronidase, immobilized

Glutathione-Sepharose 486

Gold electrode for electrochemical
detector 6175

GPC, bonded propylamine groups 3902

—, calibration plot 226, 2245, 5431,

3559
3581

5464

3707

3918

3780

5436, 6227

—, combination with atomic emission
spectrometry 4283

—, coupling with low angle laser light
scattering 2230

— data analysis, computerization 1802

—, data reduction automated 6226

—, error 3575

—, mechanism of separation 5407, 5410

—, reproducibility 2241

—, review 1691, 1706, 5376, 5603

—, sorbent characterization 5517

—, theory 5401, 6228
Gradient, continuous

3618
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— elution 216, 1909, 2132,
5402, 5416, 5435, 5511

— —, programmed 2132

— optimization 3617

— pH 5685

—, programmable 3586,

—, step-wise 3618

—, ternary 3842

—, —, theory 3616

Grafite furnace atomic absorption detector
6116

Gravity packing 267

Haeme-Sepharose 5966

Hammet constants, determination by ion

3616, 3618,

3601

pair chromatography 5433

Hansch constants 5438

HA-Sepharose 340

HC-ODS~-8il-X 303

HC Pellosil 6280

Heat transfer equation 3561

Hemoglobin-Sepharose 5995

Heparin affinity chromatography 455, 509,
523, 2007, 2072, 3754, 3872, 3962,
3963

Heterogeneity determination 6228

HETP 3563, 5519

—, effect of sample volume 224

—, effect of temperature 212

Histone-Sepharose 3999

History of chromatography 3554

Hitachi gel 3010 410

— 2619 resin 1975

— 2633 resin 1862

HPLC, applications, review 1677, 5375,
5378, 5389, 5395, 5718, 5736, 5737,
5768

— at elevated temperature 3861

—, automatic 374, 6351, 6375

—, books 1676, 1682, 1684, 1694

—, chemical reaction detector, review
1754

—, combination with atomic absorption
spectrometry 3621

—, — — Fourier transform IR 3620

—, — — RIA 374, 388, 664, 4029, 4212
—, — — SDS-PAGE 445, 456
—, comparison with microbiclogical detec-

tion 6184

—, detectors, review 1752, 5377

—, displacement technigue 5580

—, effect of detergents 3820

—, — — pH 3820

—, — — temperature 3820

—, fingerprints 563

—, instrumentation, review 5378

— NMR coupling 281, 282, 421, 1804,
5602

— — —, applications 282, 2225

—, non retaining period 1798

— on agarose 5518

—, optimization, book 1684

—, —, review 1685, 1791

—, practice 5454, 5543

—, preparative 1892, 3640, 3729, 3788,
3880, 5428, 5782, 5789, 5811, 5914,

6029
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—, —, optimization 5428

-——, proposals for laboratory practice
1800

—, reviews general 1688, 1689, 1690,
1699, 1728

—, sample handling, review 1796

-—, = injection 1731

—, — preconcentration 1796

—, selected applications 1728

- separation casettes, applications
2251

— Sequential 1821

—, solvents 3603

—, temperature control 1737

—, thermal gradients 5440

—, TLC coupling 421, 1903, 1934, 2171,
3660, 3744, 3758, 3789, 3808, 4116,
6160, 6164

—, ultramicro scale 5545, 5546

—, very high speed 5542

Hybridization subtraction chromato-
graphy 2110

Hydrodynamic chromatography, hard sphere
model 1717

— volume 226, 229

Hydrophobic affinity chromatography 554

— agarose 5509

— chromatography 2006, 3708, 3909,
3940, 4007, 5515, 5919, 5946, 5950,
6065

— —, review 1680

— —, role of physical forces 1716

Hydrophobicity 3565

— of organic compounds 5439

Hydrophobic selectivity of bonded phases
1710

Hydrophobization of supports 272

Hydroxyalkyl methacrylate gels for af-
finity chromatography 5576

Hydroxyapatite 458, 488, 1889, 3779,
3963, 4012, 5402, 5416, 5435, 6069

p-Hydroxymercuribenzoate as affinant
4011

Hydroxypropyl Sephadex 1767

Hypersil 624, 4235

— ODsS 555, 679, 681, 3809, 4184, 5972

— SAS 4010

Iatrobeads GRS-8010 3750

Identification of poorly separated peaks
5412

— procedures 287

IgG-Sepharose 3915

2~-Iminobiotin-6-aminohexyl Sepharose 4B
1861

Immunoadsorbents 3622, 3623

Immunoaffinity chromatography 379, 470,
1981, 1995

Imperfect resolution, correction 5401

Impregnated silicon dioxide 263

Impurity ratio 224

Incident momentum 5412

Inclusion chromatography 561, 2825

Industrial applications of chromato-
graphy 1792, 1793, 1795

— e e — peyiew 206, 208
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Infrared detector, on line 6201

Injector for chromatography 5445

Injected volume 214, 230, 5502

Inosine-agarose 4008

Instrumental widening 1788

Instrumentation for LCC 232, 233, 235,
236, 237, 238, 239, 240, 241, 242,
243, 244, 247, 248, 249, 250, 252,
253, 254, 255, 256, 257, 258, 259,
264, 268, 275, 1726, 1727, 1728, 1729,
1730, 1731, 1732, 1733, 1734, 1735,
1736, 1737, 1738, 1739, 1740, 1741,
1742, 1743, 1744, 1745, 1746, 1747,
1748, 1749, 1750, 1751, 1752, 1753,
1754, 1755, 1756, 1757, 1758, 1759,
1760, 1761, 1762, 1763, 1764, 1765,
3568, 3576, 3579, 3580, 3581, 3583,
3584, 3586, 3587, 3588, 3589, 3590,
3591, 3601, 3632, 5407, 5442, 5443,
5444, 5445, 5446, 5447, 5448, 5450,
5451, 5453, 5454, 5455, 5457, 5458,
5459, 5460, 5461, 5452, 5463, 5464,
5465, 5466, 5467, 5468, 5470, 5473,
5474, 5477, 5478, 5480, 5481, 5482,
5484, 5485, 5486, 5487, 5489, 5490,
5491, 5493, 5494, 5495, 5496, 5497,
5498, 5499

— — —, review 209

Instrument performance 1768

Internal standard technique 5534

Intrinsic viscosity 226, 230

Jon chromatography, review 202, 5390,
5393

— exchange, computer simulation 3557

— — process, theory and interpretation
211, 5526

— exchangers, new types 3596, 5525

— moderated partition 3556

— pair HPLC 5799, 5826, 6035, 6045,
6057, 6060, 6061, 6064, 6106, 6122,
6125, 6197, 6346

— pairing, optimization 5915

— pair extraction detector 2415

— pairing chromatography, mechanism
1797

— — —, reverse phase 1988, 3819,
4083

— — HPLC 401, 541, 639, 642, 658, 706,
1797, 1897, 2149, 2187, 3582, 3819,
4050, 4154, 4198, 4233, 5404, 5889

— — —, extrathermodynamic relation-
ships 1714

— — reagents 5508

Isotherm, non linear 3562

JEOL amino acid analyzer 2002

KBr buffer memory technique 3620

KelF-graphite electrode (for electro-
chemical detector) 5498

KhzZh 1305 chromatograph 2112

KLA-5 analyser 3859

KU 2x8 ion exchanger 1833

Lactamyl-Sepharose 4B 3705

Large bore coated column 6409

— scale affinity chromatography 5576

Laser-induced photoacoustic detector 252
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— light scattering detector (spectro-
photometric) 5401

LC-1 (methyl) Supelco 355

LC-8 (octyl) Supelco 355

LC-18 (octadecyl) Supelco 355

LCC, applications 5456, 5666, 5928

— as microreactor 1816

— atomic spectrometry coupling 1805

—, combination with RIA 3945

—, comparison with GC 5609, 5612

—, computer controlled 5549

—, reviews, general 207, 1678, 1679,
1687

—, techniques 1727, 1729

LC, molecular weight estimation,
comparison with sedimentation 5557

LC/MS-CI interface 1806

LC/MS coupling 421, 434, 623, 1806,
1854, 2249, 2286, 3619, 3874

— —, miniature 1807

, review 5554, 5556

—, direct connection 5556

—, influence of packing material 5555

— interface 5552

—, reliability 5555

Lectin affinity chromatography 5965,
6019

— carbohydrate interaction 5572

— electrode 284

— Sepharose 338, 516, 5993

Levextral HDEHP 2386

Lewatit M 2441

LiChroprep 596

— RP 8 708, 2209

LiChrosorb 10 AN 2171

— C-2 651, 1915, 2290, 3845, 5690,
6245

— C-8 443, 459, 601, 619, 1849, 1876,
1915, 2187, 2336, 2355; 2665, 3793,
3847, 4255

— Cc-18 364, 565, 620, 644, 649, 661,
1883; 1915, 2128, 2187, 2267, 2271,
2274, 3646, 3672, 3793, 3817, 3895,
4069, 4112, 4136, 4137, 4248, 4252,
6012, 6202, 6205, 6285

— DIOL 579, 3735, 5826

— NHp 328, 593, 2158, 4044, 5794

— SI 60 100, 385, 578, 697, 1832,
1904, 2275, 2319, 2330, 2332, 3561,
3633, 3767, 3774, 3798, 3900, 4027,
4097, 4169, 4201, 4222, 5595, 5608,
5662, 5689, 5690, 5791, 5794, 5802,
6095, 6331

LiChrospher 443, 6222

Ligand adsorption model 5985

Lipidex 5000 4094

Lipophilic anion exchangers 365

Liquid crystal orientation 1713

— ionization detector 1762

— introduction into MS 3619

— liquid chromatography 2438

-— scintillation counting 1903, 5594

— solid chromatography, model 3555

Liquochrom model 307 chromatograph 4162

Lobar silica gel 60 column 1902

B455

Low pressure liquid chromatography 5607

— — pump 236

LS~410 octadecyl silica phase 2152

Lysine-Sepharose 337, 3920

Lysoganglioside-Spherosil-DEAE-dextran
449

Magnusphere Cps 2309

Maltamyl-Sepharose 4B 3705

Mass detector 3704

— spectrometer, as detector 1746

— ‘trangfer 2412

Matematical models, dispersion of chro-
matographic bands 1705

Mathematics of chromatography, book 1693

Maximum resolution 210

Measurement of radiocactive isotopes 239

Mechanism of ion pairing chromatography
1797

— — retention 5940

— — separation 3558, 3566, 5409, 5427,
6116

— «— —, thermodynamic model 3566

Methylated Sephadex 1767

4-Methylnicotin amide adenine dinucleotide-
Sepharose 4B 514

Microbore columns 5450

Microcapillary LC 5547, 5598

Microcolumn exclusion chromatography 4168

Microcomputer, application to chromato-
graphy teaching 1703

Microinjectors for chromatography 1744

MicroPak AX-5 3686

-— CN 10° 5813

— MCH-10 367, 381, 394, 590, 680, 5859

— NHp 573, 1908

— 8i-10 354, 3691

Middle molecule mass spectrometry 5553

Miniaturization 2020, 2231, 3939, 4168,
5488, 6176

Minimum analysis time 210

Mixing chamber 1909

MN-Nucleosil 5 C1g 417

—_ — 50 417

Mobile phase composition
5400, 5404, 5415

— — —, optimization 279, 435, 4079

— —, effect of salt composition 5961

— — modifiers 3782, 5404

— —, multicomponent 3553

— — optimization 5409

— — pre-heating 3606

— —, programmed composition, review
1683

— — selectivity

215, 228; 279%

1993, 5426

— — sensitivity, review 201

— — volume 217

— — with AgNO3 3795

Modelling by chromatography 1701

Molecular connectivity vs. chromato-
graphic corxrelation factor 5589

— theory of chromatography 5418

— weight distribution 228, 634, 635,
1708, 1722, 1724, 1859, 2218, 2220,
2238, 2243, 2416, 5401, 5432, 6228
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— — estimation 226, 228, 474, 1721,
1723, 3560, 3902, 3908, 3983, 4168,
4169, 4278, 5407, 5411, 5437, 5557,
5669

-— — — by HPLC 5669

Multi-channel detector 1750

Multicolumn chromatography 5743

— parapump 289

Multilayer column chromatography 1813

Multiple peak recognition 3559

Multiwavelength monitoring 1755

Narrow bore columns 5464, 5483, 5523,
5547, 5598

Neurophysin-Sepharose 1984

Nitroaromatic bonded phases, selectivity
5516

Nitrogen selective detector 5486

Noise 5535

Nomenclature of chromatography 213,
5398, 5399

Non-equilibrium plate broadening 1815

— ionic mobile phase dopants 5424

— linear isotherm, differential-
difference eguation 225

— — chromatography, theory 225, 1715

— polar phases with adsorbed quarternary
ammonium slats 3724

— — reversed phase 1710

Nonretention index 5413

Nucleoprotein detector 553

Nucleosil 50 4100

314, 547, 1900, 1972, 2175,

3745, 3746, 4028, 4125, 4145,

5701, 6247

— 10 NO, 584, 6137

— SA 5 400, 601

Octyl-Sepharose 516

ODS Du Pont 6297

— HC-SIL-X-I 393, 4231,

— Hypersil 293, 440, 5452,

— Sil-X 296

On column detector 259

OPA (o-phthalaldehyde) derivatization
3850, 3853, 3854, 3869

Operational characteristics 288

Open tubular columns 5463

Optimal cycle calculation 275

Optimization criteria 210

— Cig
2186,
4162,

5800
6320

— in HPLC 5452, 5539

— — —, book 1684

— — —, review 1685, 1686, 1791
— method, last square 2217

~—, microprocessor controlled 3613

— of GPC 5411, 6229

— — mobile phase composition 279,
3763, 5426, 5540

— — separations 3751, 5402, 5428

— — supercritical fluid chromatography
5551

- ~= gystem parameters

—, theory and application

Organomercuric bonded phase

Oscite equation 5415

Osmotic behavior of polyacrylamide gels
3572

5947
3717
3593

BIBLIOGRAPHY SECTION

Overlapping peaks 3559, 5532

Packing of columns 261, 265, 267, 269,
1774

— — C1g8 sorbents 1774

Parallel flow dialysis technique 3905,

3951
Parametric pumping 289, 3901
Partial argentation resin chromatography

1871, 1872, 1875

Particle size 221, 222, 1780

— suspensions 221

Partisil 4144, 4219, 6280

— M9 5764, 5765

-— M9 PAC 3639

-- ODSs 355, 390, 426, 577, 1970, 2090,
2266, 2301, 2307, 3726, 4030, 4158,
4187, 4199, 5845, 5872

— 10 PAC 351, 591, 595, 3800, 4089

— PAS 10/25 659

— PXs 5 582, 2159

— — 5/25 3664

- — 10/25 351, 595, 608, 656, 4293

— — 5/10 ops 2171

— — 5/25 ODS 666, 6373

— 10 saXx 667, 2377, 4021, 4126, 6051,
6100, 6108

— SCX 613, 1930, 5815, 6116, 6338

Partition coefficient 227, 1712, 5421

Peak area 3612

— broadening, optimization 3560, 5406,
5408

— height 3612

— shape improvement 1932

— shaving recycle technique 292

— spreading correction 1709

— width, calculation 3617

— —, retention volume correlation 1768

Pellosil 1910

Perluoroalkanoic acid as ion pairing
reagent 5913

Performance influencing by instrumental
factors 5542

Perisorb RP-2 2290

— RP 18 5686

Peristaltic pumps for LC 1742

Permaphase ODS 406, 6342, 6407
Permittivity detector 3587
Phase distribution chromatography 6221

pH effect 5895

Phenylboronic acid immobilized 3955
Phenyl-Sepharose 516, 3946, 3952, 3980
Phosphocellulose 497, 501, 503, 728, 3975

Photoacoustic detector, laser induced 252

Photochemical reactor 5760

Photometric detector 249

— monitoring 4080

Physical forces, role in hydrophobic
chromatography 1716

Plate theory, application to non-linear
isotherm 225
See also HETP

Poisson distribution, assymetry 225

— —, effluent curve of non-linear
isotherm 225

Polarity 1713
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Polyacrylhydrazido~agarose 5571

Polyamide 302, 308, 3797

— epichlorhydrin sorbent 5513

— MN-SC-6 3653, 3657

Poly A-Sepharose 549, 550

Polygosil 5 €18 575, 5702

— 60-5C1g 3646

— 60-10 CN 5794

— TP 4100

Poly(L-lysine)-Sepharose 4B 3706

Polysaccharide gel as sorbent 1853,
6038

Polystyrene lattices 221, 222

Polyvinylpyrrolidone-coated silica
5523

Poly V-Sepharose 550

Poragel 5411

pPorasil 307, 625, 654, 666, 1845,
2287, 2293, 3667, 3734, 3740,
3748, 3786, 3788, 4093, 5604, 5622,
5623, 5762, 5698, 5792, 6136, 6272

— C15 6164

Pore size 220, 6229

— — distribution 1780

— volume 1780

Porometry of sorbents 1785

Porous glass, see CPG

Post column derivatization 5847

— — detection 4286

— — reaction 718, 744

— — reactors 1747

Potassium phosphate for HPLC 5521

Potentiometric detector 243

Precisieon of HPLC 1789, 5531

Precolumn(s) 5403

— derivatization 246, 414, 682,
3850, 3853, 3867, 5819

— fluorescence labeling 682

— reactors 1747

Preconcentration of sample 5579

Prediction of column efficiency 1768

— — experimental parameters 216

— — retention 5427

Preparative HPLC 1892

— —, optimization 1791, 1792

-— LC 275, 2017, 2139, 3615, 3640,
5538, 5890, 5914, 6016, 6104, 6160

— —, industrial 1792, 1793

— —, relation to TLC 1793

Prep Pak 500 576, 5622, 5770

Pressure amplifier 237

Primary amine, chemically bonded 5649

Procion Blue-Ostazin red 336

~— Red, immobilized 5998

Properties of octadecyl reversed phases
1710

Proporticnal counter, toroidal 5494

Protein A- Sepharose 3976

Publication of papers in chromatography
1700

Pulse damper 233

Pumps 236, 1742

—, reciprocating 3561

QAE-cellulose 469

— Sephadex 526, 6054
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QRAR (quantitative retention-activity-
relationship) 5438

Quantitation of inseparable peaks 5414

Quantitative analysis by chromatography
1729, 1887, 1912, 1965, 2020, 2114,
3611, 3649, 3652, 3681, 3733, 3831,
4082, 4151, 4160, 4268, 4273, 4280,
5532, 5588, 5651, 5804, 5883, 5884,
5885, 6161, 6348, 6357, 6382

— —, reproducibility 3611

Quenchfluorometric analysis, standardiza-
tion 5535

Radially compressed C;g column 5409

— — columns 3680, 3873, 6052

Radial Pak A 707, 3862, 4245, 5705,
5707, 5914

— — B 331, 4099, 5664

— — C)g cartridge 747, 5599

— == 81 5811

— thermal gradients 5440

Random walk diffusion 5406

Rate constants, measurement by LC 1718

Reaction detector 5474

Reactivity measurement in fractions 4217

Recycling 3632, 5583

— technique 275, 1818

Refractometer 3588, 3605

—, automatic light alternating 1749

Relation between chromatography and
thermal analysis 5420

— — hydrophobicity and capacity factor
3574

— — Rd and molecular weight 3903

— — retention and biological activity
5438

— — solute retention and thermodynamic
properties 3566

— — structure and capacity factor 5895

— — — — partition coefficient 5438

— — — — retention 6090, 6222

Relationship between capacity ratio and
mobile phase composition 435

— — column efficiency and column length
1787

— — hydrophobicity and capacity ratio
4275

-—— — lisocratic and gradient elution 216

— — solubility and capacity factor
3644

— — structure and chromatographic
behaviour 4079

— — — — retention 299, 5427, 5438,
5522, 5769, 5942

Remazol-Blue-dextrans T 70 336

Reproducibility 5527

— in GPC 2241

— — gradient LC 1702

— of RP separations 1710

Resolution 275, 374, 1707, 5492, 5519,
5528, 6229

—, effect of analysis time 1707

—, — — column length 1707

—, — — sample volume 224

~—, optimization 6229

Resolving power 5402
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Resonance Raman spectrometry 253

Retention 3552, 5940

~— control 1932

— index calculation 318

— mechanisms 2226, 5585

— prediction 4300, 5853

— time 374, 1815

— —, calculation 3617

~— —, prediction 3574

Reverse phase chromatography, review 5379

~— - -, structural effects 5417

- —, effect of alkyl chain length
5519

Reviews, affinity chromatography 1808,
1810

-—, applications of chromatography 205,
206, 208, 323, 324, 362, 465, 640, 646,
736, 738, 1675, 1677, 1697, 1828,
1831, 1851, 1919, 1991, 1998, 2051,
2052, 2053, 2054, 2135, 2188, 2189,
2248, 2250, 2367, 2368, 2369, 2370,
2372, 2373, 2375, 2376, 2391, 2427,
3541, 3542, 3543, 3544, 3545, 3546,
3547, 3548, 3549, 3756, 5375, 5376,
5384, 5388, 5391, 5395, 5797, 5822,
5823, 5829, 5831, 5834, 5835, 5840,
5842, 5875, 6359, 6361, 6378, 6381,
6419, 6420

—, — — microprocessors to LC 5381

-, automated chromatographic analysis,
applications 323, 324.

—, chemical detection 1754

—, countercurrent chromatography 5380,
5382, 5387

—, detectors, HPLC 1752, 1754, 5377,
5383, 5394, 5396

-——, Donnan exclusion chromatography 1706

—, droplet counter-current chromatography
204

— HPLC, general 1688, 1689, 1690, 1699,
1728, 5375, 5378, 5379, 5381, 5386,
5389

—, hydrophobic chromatography 1680

—, industrial applications of chromato-
graphy 206, 208

—, ion chromatography 202, 5390, 5393

—, LC/MS combination 5554

—, LC/MS of middle molecules 5553

— on liquid solumn chromatography,
general 207, 1678, 1679, 1687

————— , instrumentation 209

————— , nomenclature 213

—, optimization in HPLC 1685, 1686

—, programmed composition of mobile
phase 1683

-, retention mechanisms 1692

-, reversed phase chromatography 203
1674, 1681

~—, sample handling in HPLC 1796

—, sorhents 5392

—, stationary phase 5507

—, steric exclusion 1691, 5376, 5394

—, techniques of chromatography 205

—, theory of liquid chromatography 201,
202, '1698

BIBLIOGRAPHY SECTION

Rheodyne 6342

D-Ribose-5-phosphate-Sepharose 6B 494

Rohrschenider constants 5544

RPC 5 4039

RP-18-MPLC 4231

RQ transformation 5540

Salicylate-Sepharose 4B 2063

Sample handling 5579

— injection 1731, 3551

— loop, open 3551

— —, packed 3551

— memory effect 5408

— preparation 6313

— valve 228

— volume 3551

— —, in lirear preparative chromato-
graphy 224

Sampling procedures 3551

SAS-Hypersil 293, 4207

Sawdust 3995

Selectivity 1710, 3558, 5427, 5693

— of mobile phase, optimization 5426

— -— nitroaromatic bonded phases 5516

Semi preparative chromatography 5631

Separation efficiency 3563

— mechanisms 1767

— of optical isomers 423

-—, optimization 3560

Sephacryl S 200 478, 484, 508, 531,
2012, 3896, 3913, 3963, 3979, 4102,
4307, 5630, 5929, 6013

— S 300 3925

Sephadex DAP-LH-20 369

— LH 20 302, 308, 352, 368, 377, 427,
437, 472, 552, 583, 3656, 3761, 3768,
3791, 4096, 4097, 5623, 5630, 5680

-~ SP-C 25_ 3892

Sepharose 2B 340, 342, 2436, 6032

-— 4B 333, 1982, 2071, 3702, 3914, 3924,
3967, 3992, 4014, 5680, 5681, 5814,
.5970, 5973, 6033

— 6B 340, 457, 631, 3710, 3738, 3911,
3973, 4307, 5630, 5675, 6023

— N{e-aminocaproyl)-B~L-fucosylamine
519

— anti superoxide simutase antibody
480

— starch gel 492

Sephasorb HP 632

Sep-Pak 2441, 4088

Sep-Pak Ci;g 3790, 3791, 5772, 5909,
6418

Shimadzu LCPg packing 678

Shodex 801 gel 2401

-~ OH Pak 447

Short columns for RPC 1726

— -— in HPLC 5453

siemens S 100 liquid chromatograph 3605

Signal generation device 3576

Silasorb C1g 4025

-— NHp 4025

silica, cetyltrimethylammonium bromide
modified 3597

— gel, N-(2-aminoethyl)-y-aminopropyl-
trimethoxy silane treated 3804
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— — as sorbent for GPC 5527

— — for BPLC, chemically bonded,
characterization 5530

— —, properties, comparison
1781

— —, surface hydroxyl groups estima-
tion 1782

— —, tetraethylenepentamine modified
3680

— —, treated with alkali metals
3608

-— surface, characterization 5505

—, water and hydroxyl group content
3600

Sil-60-RP 2209

Silver ion loaded cation exchanger 3732

Size exclusion chromatography, see GPC

— fractionation of sorbents 268

Slurry medium 3610

— packing 3577

Small diameter columns 1768, 1787

— — —, efficiency 1787

Sn(1IV) phospho silicate as ion exchanger
273

Soap chromatography 3630, 5800

Solubility estimated by chromatographic
data 5434

— theory 3599

Solute, length-to-width ratio, effect
on elution order 5590

— solvent association 215

— — interactions 3555

Solvent (s)-adsorbent interaction 3605

— for HPLC 3603

— programmer 5548

— solvent interactions 3555

— strength 3553, 3564

— sgystems, optimization 5519

Solvophobic theory 5427, 5853, 5895

Sorbent (s) activity adjusting 5500

—, comparison 3574

— for affinity chromatography, new
types 3628, 3629, 5524

— — LCC, new types 260, 262, 263,
270, 1766, 1769, 1771, 1772, 1775,
1776, 1777, 1779, 1783, 1784, 1786,
1799, 1825, 3592, 3593, 3594, 3595,
3597, 3598, 3601, 3608, 3609, 3610,
5504, 5506, 5522, 5528

—, review 203

Spectra of the effluent 5533

— physics RP8 2347

Spherisorb 3648

— CN 6327

— ODbS 346, 569, 647, 652, 1948, 2185,
2187, 2192, 2278, 2302, 2304, 2314,
3585, 3749, 4063, 4172, 4196, 4238,
6073, 6338

— SGp 2310, 3747

— S5W 3633, 3740, 4178

uSpherogel 566

— (TSK-SW type) 2000

Spheron 4040

— ion exchanges 299, 644

— § 299, 300, 644, 3969, 5674

1780,
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Spreading function 1725

SP-Sephadex 527, 3971, 6233

$8-10-0DS-B 657

$8-10 silica gel 408

Standard testing procedure 5535

Stannic selenophosphate as ion exchanger
4287

Starch 6022

Stationary phase characterization 5529

— —, dynamically cocated 3630

— —, new types 5512

-~ —, — —, review 5507

— —, perfluorinated 5501

— — volume 5419

Stopped flow spectral scanning 744

Strenght of donor ligands 1770

Structure-activity relationship, quantita-
tion 5422

Styragel 2193, 3676, 4283, 5411

Styrene-n-butyl methacrylate copolymer
(as sorbent) 5527

Supelcosil 3737, 3864

— LC-8 3727

Supercritical fluid chromatography 5551

— — —, review 207

Surface coverage 1710

— properties of silica, modification
1771

Sweeping device 5445

Switching valve 5442

Syn Chrom 443

System efficiency 212

Tailored chromatographic sorbents 262

Tantalum selenite as ion exchanger 4288

Teaching of chromatography 1703

TEAP-LH-20 365

Technicon fast LC system 1789, 2308

Techniques in chromatography 246

— of liguid column chromatography, review
205

Temperature control in HPLC 1737

— effect 212, 264, 276, 3552, 3561,
3612, 4079, 5405, 5516

— — on capacity factors 4195

— — — HETP 4195

— — — resolution 4195, 5405

— — — selectivity 4195

— gradient 276

— of development 3602

— pulse 3576

Tenax GC 701

Ternary mobile phase 5425

Testing of column 3637

Tetrachlorophthalimidopropyl silica 3601

Theoretical plates number, see HETP

Theory of c¢hromatography 1707, 1708,
1709, 1710, 1711, 1712, 1713, 1714,
1715, 1716, 1717, 1718, 1720, 3551~
3565, 3569, 5397-5439

— — —, book 1693

— — —, molecular 5418

— — —, review 201, 202, 218, 1698

— -— gel permeation chromatography
1767, 6228

— — gradient elution 5435
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— — nonlinear chromatography 1715

— — transient processes 218

Thermal aqueous LC 264

— elution apparatus 3674

Thermodynamics of chromatography 1720

Thiol~Sepharose 516, 3931

Thiopropyl-Sepharose 453, 6001

Thrombin-Sepharose 3953

TLC as a pilot technique for optimiza-
tion HPLC 5539, 5550

Torroidal coil planet centrifuge 235

Loyo soda LS 320 packing 737

Trace enrichment 5403

I'rehalose-Sepharose 3624

Triazine dyes, silica immobilized 5996

Tributyl phosphate as stationary phase
274

Trypsin inhibitor-cellulose 3997

— — Sepharose 3999

— Sepharose 3907, 3993

TSK gels (Toyopearl) 265, 266, 267,
332, 3577

~— —, applicability 3755

— — C 5000 pw 3934

— — G 2000 sw 611, 1986, 1997, 3942

— — LS-410 (octadecyl) 734, 4113,
4120, 5810

— — SW 444, 3903, 3906, 5896

— IEX 540 DEAE 4275

— LS 12 672

— PW gel 6222

Tung's equation 5401

Two way chromatography =~ 1812

Ultrasphere IP 304, 6131

— ODS 429, 643, 672, 1938, 1957, 1976,
2290, 2316, 3818, 4078, 5686

Ultraviolet detector 245, 1759

— —, errors 1763

Ultrogel A 2 2107

— AcA 34 502, 533, 540

— AcA 44 520, 529, 2025, 3892, 5443

— AcA-54 1983, 3977

BIBLIOGRAPHY SECTION

Universal chromatographic methods 5541

UV-RI dual detector 6228

UV spectra-stopped flow scanning 4033

Valve (s) construction 5451

— injection 3584, 3585

Vancomycin-Sepharose 3697

Van Deemter equation 5406

Variable wavelength detector 1748

Varian model 5000 liquid chromatography
1966

Velocity of the mobile phase 5623

vinyl polymer gel (hydrophilic) 5656

Viscosity phenomena 3570

Viscous heat disgipiation 3561

Volatile buffers 3874

Voltametric detector 255, 1958, 6245

Vydac RPC 367

— SC 438

Wakogel C-2000 1928

Yanapak ODS 3811

Waters ALC/GPC 244 3729

WGA-Sepharose 3710

WGL Sepharose 716

Whatman PXS 10/25 ODS 3984

Wheat germ agglutinin-Sepharose
3985

Zeolites, ion exchange isotherms 211

Zerolit 225 x 8 723

Zero retention time 5405

Zinc chelate chromatography

Zipax SCX 2196

Zorbax BP ODS 391

— Cg 744, 3726, 5889

— CN 443, 2201, 4191, 6192

~— NHy; 555, 3679

— ODS 355, 382, 383, 443, 579, 594,
1903, 2291, 2359, 3585, 3618, 3639,
3726, 3737, 3787, 4131

— SIL 583, 670, 696, 1977, 2146, 2331,
3742, 4096, 6157

Zwitterion pair chromatography, mechanism
5423

3696,

39174 5971
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Paper and Thin-Layer Chromatography

Adsorbents, preloading 2584T

Adsorption mechanism 800T, 808T, 6459T

Alumina 793T, 845T, 1034T, 1088T, 2668T

—, silanized 6466T

Ammonium molybdophosphate (as sorbent)
941T

— tungstophosphate (as sorbent) 941T,
6593T

Anticircular TLC 8257, 2490T, 4628T,
6463T

Apparatus for TLC 2490T, 2493T

Application of sample 804T, 822T, 938T,
2491T, 2492T, 24947, 2495T, 43527,
6465T

— -— —, automatic apparatus 2497T

— — — from biological material 4401T

— — — in HPTLC 2497T

— — —, review 2496T

Argentation chromatography, See Impregna-

tion with silver nitrate

Automation 2497T

Autoradiography, see Radiocactive-label-
led compounds

Azeotropic mixtures of solvents 1006T

Binders for layer preparation 4361T

Biocassays 2549T

Biogels 971T

Biocautography 2691iTP, 43977, 4572T,
64997

Books on TLC 791T, 792T, 2487T, 2488T,
2489T, 64541, 6457T

— with chapters on TLC 788T, 2486T

Celite 907T

Cellulose (in TLC)

—, acetyl 2423T, 4374T

—, DEAE 2689T, 2692T, 6725T; see also
Homochromatography

—, ECTEOLA 1120T, 6725T

—, PEI 972T, 975T, 976T, 1131T, 2646T,
4333pPT, 4520T, 6614T, 66177, 6619T,
6639T, 6656T

Chamber 2515T, 2584T, 2686T, 4351T,
4352T, 4401T, 64647

—, atmosphere 4352T

— for HPTLC 1090T, 6463T

—, overpressured 806T, 809T, 2493T,
4353T

—, sandwich 4369T

Channel TLC 904T

Charge transfer 6458T

Chemically bonded phases, see Reversed-
phase silica gel

Collidinium tungstoarsenate paper
6451P

Computerization 4364T

a~Cyclodextrins (in mobile phase)
25291
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Dansyl derivatives, see Fluorogenic
labelling, dansyl derivatives

Derivatization, See Fluorogenic label-
ling

Detergents in stationary phase 960T

Detection and detectors 2446PT, 6465T

—, biocassays 2549T

—, biocautography 2691TP, 4397T, 4572T,
6499T

— by charring 901T, 4362T

—, chemical 807T, 93971, 1053T, 24987,
2499T, 2587T, 4354T, 4618T

—, continuous 2502T

—, enzymatic 914T, 2686T, 2742T,
4592T, 6561T

—, FID, see Quantitative analysis, FID

-, fluorescamine 770PT, 966T, 1032T,
2621T, 2767T, 4355T, 4434T

~—, fluorescence 760P, 43567, 4357T,
4358T, 4496T, 4546T

—, phosphorescence 4546T

Development, anticircular 825T, 2490T,
4628T, 6463T

—, continuous (over-run)
4401T, 6465T

—, controlled 805T

-—, gradient 823T, 1050T, 4643T

—, homochromatography 976T

-, multiple 805T, 825T, 909T, 994T,
10377, 2566T, 2612T, 2801T

—, overpressured 788T, 806T, 809T,
2493T, 6569T

—, radial 815T, 825T, 2490T

—, speed 24937

~—, temperature effect 6473T

—, theory 25007

—, two-dimensional 888T

Diastereoisomer separation 6461T

Diatomaceous earths (as sorbent) 2556T

Dictionary of chromatography 747PT,
6456T

Dual band layers 835T, 904T, 989T,
44017

Energy of H-bonds 2448PT

Enzymatic reactions on layer 6561T

Experiments for students 112éT, 2737T,
4351T

Flame ionization detector, see Quantita-
tive analysis, FID

Florisil 4450T

Fluorescamine, see Detection, fluores-
camine

Fluorimetry in situ, 8ee Quantitative
analysis, fluorimetry in situ

Fluorogenic labelling 943T, 962T,
4356T, 4357T, 4358T

— ~—, dabsyl derivatives 823T, 6586T

823T, 2686T,
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— —, dansyl derivatives 770pT, 772PT,
826T, 935T, 948T, 2763T, 4440T,
4504T, 4505T, 6701T

— —, fluorescamine 966T, 2767T,
443471

Flying spot densitometer 1099T, 2567T,
44221

Gel TLC 971T, 26447, 2645T

Glass-fibre paper, s¢e Paper, glass-
fibre

Gradient development 823T, 1050T, 4643T

— layers 1080T, 4530T

— of pd 1080r, 4530T

Hansch's 7 value 4347T, 4249T

HETP 2493T

High-performance TLC (only some basic
papers are referred to here) 1090T,
2530T, 2605T, 2775T, 2779T, 4358T,
4365T, 4643T, 6474T, 6555T, 6631T,
6711T

— — —, application of sample 2497T

— — —, books and reviews 788T,
817T, 824T, 825T, 4366T, 4367T,
4368T 4

— — —, chamber 1090T, 6463T

— ~— ~—, comparison with conventional
TLC 815T, 824T

-~ — —, — — HPLC 2805T, 4360T

— — —, quantitative analysis 815T,
817T

History of TLC and PC 745PT

Homochromatography 976T

Humidity 6551171

Hydrogen bonds 2448PT

Immunoaffinity paper 6429p

Impregnation with acetamide 2448PT

— ~ acrylamide 2448PT

— — Aliquat 336 4411T

~— — alkylammonium salts 4316P

— — ammeonium molybdate 839T

— — ammonium sulphates 4665T

— — aniline phthalate and p-dimethyl-
aminobenzaldehyde 785P

— — berberine 4354T

— — borates 2573T, 4333PT, 4404T,
4656T

~— — buffer solutions 6664T

— — butylene glycol 2448PT

— — cadmium salts 6428p

— — Carbowax 400 6504T

— — cetyltrimethylammonium bromide
1043t

— — citric acid 6587T

— — copper salts 2475P

— — crystal violet 2480p

— — decanol 4318P

— — detergents 960T

— — diethanclamine 2448PT

— — dimethylformamide 2448PT

— — dioctylacetamide 4343P

~— — dodecylbenzenesulphonic acid 950T

— — N-dodecylpyridinium chloride 961T

— - EDTA 1041T, 2625T, 6664T

— — ethanolamine 2448PT
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— — ethylene glycol 793T, 921T,
2448PT, 4589T

— — ferric arsenate 6434P

— — formamide 907T, 1056T, 2448PT,
4468T, 4589T

— — glycerol 2448PT

— — hydrocarbons 2501T

— — hydrochloric acid 4316P

— — 1lithium chloride 4316P

— — methyl cellosolv 2448PT

— — oleyl alcohol 4318P, 6459T

— — olive oil 1047T

— — paraffin oil 848T, 2565T, 2721T,
4572T

— — perchloric acid 4316P

~— — l-phenyl-3-thiobenzylthiocarbamide
2472p

-— — phosphates 862T

— — phosphotungstic acid 4580T

— — polyglycol 300 2448PT

-— — potassium oxalate 891T

— — propylene glycol 1113T, 2448PT,
4324pPT

— — gilica gel, see Paper, glass-fibre
(containing silica gel)

— — gsilicones 869T, 4346T, 4349T;
see also Silica gel, silanized

— — silver nitrate 882T, 2679T,
6467T, 6530T, 6732T (only some basic
papers are referred to here)

— ~— tetradecane 6566T

— — tin(IV)hexacyanoferrate(II) 2476P

— — tributyl phosphate 4318P

— — triethyleneglycol 6642T

-—— — undecane 65661, 6732T

"Instant TLC", see Paper, glass-fibre
(containing silica gel)

Internal standard 842T

Ion-exchange layers 9367, 941T, 944T,
1076T, 1140T, 2493T, 2795T, 4499T,
6602T, 6723T, 6731T; see also Cel-
lulose; Impregnation with

— — papers, See Papers, ion-exhcange

Ion-pair chromatography 961T, 1040T,
104371, 1062T, 2669T, 4345T, 6468T,
6584T

Isomers, cis-trans 3565T

—, stereoisomers 2612T, 2615T, 6461T

Kieselguhr 800T, 862T, 898T, 921T,
111371, 2565T, 4441T, 6504T, 6505T,
6659T

—, silanized B898T, €459T

Layers, abrasion resistent 4361T

-—, ilon-exchange, see Ion-exchange
layers

—, preparation 2495T, 2504T, 2511T,
25121, 2513T, 4397T

-—, purification 903T, 4363T, 4369T

—, twin 835T, 904T, 989T, 4401T

— with concentration zone, cee Layers,
twin

Liquid ion exchangers 4316P

Mass spectrometry, see TLC, combination
with MS
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Mechanism of soxrption 797T, 798T, 808T,

832TP, 2529T, 25667, 6459T

Mixed sorbents, See Sorbents, mixed bed

Mobile phases, see Solvent systems

Moist paper technique 4316P

Molecular weight estimation 971T,
2644T, 4611T

Moving solvent applicator 805T

Nomenclature 746PT

Obituary (R, Consden) 2445p

Overpressured TLC, se¢e Development,
overpressured

Paper 4317p

—, glass-fibre (containing silica gel)
7531, 760P, 2465P, 2601p, 4324PT, 43

4341P, 6445P, 6448Pp

~—, impregnation, see Impregnation with

~—, ion-exchange 2461P, 4316P, 6424p,
6434P, 6451P

~—, — — DEAE 2461P, 6424p

—~—, prewashing 761P

— with bond antibodies 6429p

Paper chromatography

~ —, combination with electrophoresis

755PT, 769p, 770PT, 772PT, 4331P

— —, — — gas chromatography 778P
— —, — — radioimmunocassay 761P,
6430P

— —, = — thermal analysis 6435P

— —, comparison with HPLC 2457p

— ~—, inverse 4317p

Paper extraction chromatography 4316P

Particle size of sorbents 799T

Peak paper chromatography 785P

PEI-~cellulose, see Cellulose, PEI

Polyacrylamide layers 842T

Polyamide 748pT, 770PT, 772PT, 826T,
9487, ©53T, 9557, 962T, 968T, 969T,
1g72T, 25291, 263171, 2633T; 26357,
2802T, 4362T, 4379T, 4381T, 43821,
4501T, 4514T, 4604T, 6489T, 6574T,
6590T, 6598T

Preadsorbent layers, see Twin layers

Preparative layers 2751T, 6476T,
6621T

Programmed multiple development 994T

Purification of layers 903T, 4363T,
4369T

Quantitative analysis, after elution
890T,; 2517T, 2680T, 27621, 4393T,
6445T, 6699T

— —, automation 811T, 2507T, 6470T,
6471T

— —, books and reviews 789T, 8l1T,
817T, 24897, 2506T, 2509T, 25197,
6469T, 6470T, 6471T

— —, combination with GC, see TLC,
combination with GC

— —, computerization 4364T

— —, electric conductivity 814TP

— —, enzyme activity assay, see Detec-

tion, enzymatic

-— —, FID 867T, 1134T, 2574T, 4412T,
44217, 4429T, 6467T, 6469T, 6521T,
6537T
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— «—, fluorimetry in situ 812T, 813T,
818T, 827T, 829T, 843T, 848T, 98I1T

~ —, general papers 815T, 821T, 832TP,
2510, 2512%, 25157, 2611T

— -, internal or external standard
2509T

— —, photometry in sity (only some
basic papers are referred to here)
816T, 2514T, 2567T, 4363T, 6472T

~ —, — — —, apparatus 938T, 985T,
2525T, 4364T, 6465T

— ~, — — —, dual-wavelength tech-
nique 849T, 4641T, 6471T

- —, — — —, flying spot densito-
meter 109971, 2567T, 44227

-~ —, — — -, statistical errors
82OT 2508T

-~ —, — — —, various factors 820T,
822T 25117, 25127, 25131; 25677

— —, phosphorimetry 2518TP

— =, photoacoustic spectrometry 2790T

— ~~, redox titrimetry 2475P

— —, theory and mathematical analysis
gigr, 8191, 821T, B32TP, 2508T,
2510T, 2514T, 4364T, 6472T

— ~—, titration 2517T

— —, video-densitometry 9367

Quantitative =tructure-activity relation-
ships (QSAR) 6459T

Radiocactive labelled compounds (only
some basic papers are referred to
here)

-~ — —, apparatus 1084T, 4664T

— =~ —, autoradiography 856T, 2648T,
2772T, 6546TP

— — —, autoradiofluorography 6640T

— — —, books and reviews 2477P

— — —, double isotope labelling
26337

~— — =, general techniques 11327

— — —, liquid scintillation counting
771pT, 1132T, 4510T, 4645T, 6544T,
6573T

~— — —, radiometry 6544T

— —, spark chamber 6430P

— -— —, techniques for Ihe 7522,
1084T, 1089T, 1132T, 2595T, 4644T,
6536T, 6548T, 6638T, 6703T, 6732T

— — —, — — 33 753p, 771PT, 913T,
11321, 2452p7T, 2595T, 4485T, 45101,
6429p, 6430P, 6573T, 6703T, 6731T

- — —, — — 1251, 786p, 897T,
1091TP, 1130T, 2648T, 2797T, 4495T,
4511T, 46647

—_ — —, — — 131y 11297, 6427p

— — ~—, — — 32p 775p, goiT, 1131T,
4520T, 6617T

— — —, — — 35 2s588T, 28077,
6598T

— —, — — various other elements
7680 (82By), 11287 (%9Tc), 2463p
(203ug), 2468p (106Ru), 2482p (1%6Ru),
a3atp (O%m1c), 67331 (9%mrc)

R_-~values 2448PT

Reaction chromatography 802T
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— —, reactions after chromatography
2606T

— -—, — between two runs 2561T

—-— —, — on the start 810T, 886T, 924T,
10321, 2725T

Relationship between RF and biological
activity 869t

— — — — composition of mobile phase
800T, 2669T

— — — — lionic radius 46257

— — — - lipophilic properties
4346T, 4349T, 4446T

— — — — partition constants
4347T, 4585T, 4588T

— — — — polymerization degree 46117

— — — — relative humidity 65517

— = — — solvent system composition
44117, 44477

— — — — structure in PC 766P

—————— TLC 793T, 800T, 941T,
1005T, 2565T, 2687T, 4378T, 4446T,
646l1T

- — — — thermal analysis data 6435P

Reproducibility of RF values 4360T,
6464T, 6555T

Resolution 6464T

Reversed phase silica gel 825T, 950T,
961T, 1042T, 1047T, 1137T, 2488T,
2501T, 2602T, 2618T, 2669T, 2758T,
2777T, 4369T, 4523T, 4588T, 6457T,
6466T, 6468T, 6484T, 65007, 6593T,
6608T, 6631T, 6674T, 6681T, 6687T,
67177

Reviews, applications in various fields
2484T, 4586T

— on TLC 801T, 803T, 2485T, 6455T

R_-values, calculation 6460T

-— —, multiple linear regression
analysis 4378T

— -—, prediction 797T

— —, reproducibility and precision
4360T, 6464T, 65557

— —, transfer to HPLC 4369T

Riboflavin bound teo silica gel 6458T

Rod as support in TLC 889T, 1134T,
25747, 279371, 44217, 4429T, 6467T,
6469T, 6521T, 6537T

Sample application, 8ee Application of
sample

Sample preparation 827T, 887T, 2492T,
2505T, 2736T

Sample spot, mathematical model 2566T

Sandwich tank 4369T

Selectivity 748PT

Sephadex (in TLC) 2644T

Sephacryl S 300 6554T

Silica gel 2503T

— —, activity 25847

~- —, chemically bonded, see Reversed
phase silica gel

— =—, particle size 799T

— —, purification 903T

— -, silanized 9217, 960T, 961T,
2501T, 25917, 2602T, 4411T, 4446T,
4589T, 6466T, 6498T, 6505T, 6727T,
6728T

43467,
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Soap TLC 960T

Soil layers 1128T, 4585T

Solute distribution 2566T

Solvent systems, concentration profile
25001

-— - containing reagents 760P

— —, flow velocity 2493T

— ~, molten 25007

- —, selection and optimalization
748PT, 794T, 796T, 798T, 799T, 800T,
27921, 4378T

— —, theory 794T, 797T, 4348T

—-— —, various factors 8227, 46257,
4626T

Sorbents 4360T, 4367T

—, comparison 6459T

—, mixed bed, alumina + acetylated cel-
lulose 2523T

—, — —, — + cellulose + silica gel
25241

—, — —, kieselguhr + acetylated cel-
lTulose 6479T

—, — —, — + powdered glass 898T

—, — —, silica gel + agar-agar 4521T

—; — ==, =~ — 4 cellulose 748PT,
65997

-, — —, — — + kieselguhr
2639T

—; — —, — — + magnesium acetate
4434T

—, moisture 822T

—, twin layers 835T, 904T, 989T, 4401T

Spreading device 1080T

Structure, influence on R_, see Relation-
ship between R_ and structure

Support for TLC ngT, 813r, 2511T,
2512T, 2513T, 4359T; see also Rod as
support for TLC

TAS 2801T, 4526T, 6462T

Teaching of PC and TLC, See Experiments
for students

Temperature of development 2500T, 6473T

Template 4350T

Theory of chromatography 793T, 795T,
7991, 800T

Thermodynamic relationship for RM 798T,
800T

Thermofractography and TAS 2801T,
4526T, 6462T

TLC, combination with differential

2576T,

scanning calorimetry 2600T

—, — — electrophorxesis 9667, 2631T,
4498T, 4514T

~—, — — elemental analysis 940T

~, — — ESR 6726T

~—, = =-— gas chromatography 830T,

11357, 1141T, 2484T, 2599T, 4373T,
4474T, 4621T, 4652T, 6474T, 6475T,
6542T, 6552T, 6591T, 6644T

—, — — immuncelectraophoresis 6554T

-, — — infra-red analysis 832TP,
998T, 2521T

—, — — isoelectric focusing 953T

—, — — LCC 2520T, 2551T, 25917,

2657T, 27021, 2751T, 4369T, 4370T,
4621T, 4652T, 6477T, 6562T, 6570T,
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65917, 6608T, 6720T —, — — radioimmunoassay 67087
—, — — mass spectrometry 826T, 830T, —, high pressure 788T
940T, 2624T, 2804T —, pilot techniques for HPLC 4369T,
-, — - PAGE 884T, 885T 4370T, 6476T
—, — — polarography 2762T, 6444PT, —, role in industry 2484T
6699T —, transportable kit 2785T
—, — — radioimmunocassay 906T, 1010T, Twin layers 835T, 904T, 989T, 4401T
2595T Two-dimensional chromatography 888T
—, — ~— ring colorimetry 6722T Video densitometry 936T
—, comparison with EMIT 6705T, 6709T Zig-zag scanning, see Quantitative
—, — — LcC 881T, 2591T, 2714T, analysis, photometry in situ, flying
4369T, 4370T, 4588T, 6465T, 6489T spot densitometer

—, — — pC 1127TP
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Electrophoresis

Acrylamide-agarose gel with methyl-
mercuric hydroxide 6974

Affinity electrophoresis, review 1143

— —, theory 4702

— immunoelectrophoresis 4779

— isoelectric focusing 4691

Agar gel electrophoresis 1276, 1280,
1285, 1373, 2925, 2927, 4802

Agarose-acrylamide gel 1344

— gel(s), dilute 1161

—- — electrophoresis, applications
1188, 1190, 1196, 1233, 1328, 1350,
1358, 1359, 1361, 1364, 2853, 2906,
2912, 2956, 2961, 2984, 2990, 2992,
2993, 2994, 2995, 4686, 4701, 4705,
4724, 2772, 2791, 4793, 4795, 4822,
4825, 4836, 4839, 4842, 4852, 4857,
4858, 4860, 4861, 6879, 6976, 6978,
6979, 6980, 6981, 6982, 6984, 6997

— isoelectric focusing 1302, 2833,
2981, 6803, 6901, 6940

— Sephade 6784

Alternating current electrophoresis
3021

Ampholine 4693

— plates 1327

Ampholytes, comparison of different
commercial products 4788, 6783

—, methods of synthesis 1164

—, new types 2836, 6786

—, testing 4788

—, visualization 1165

Apparatus for capillary electrophoresis
6752

— =-— cellulose acetate membrane elec-
trophoresis 6755

— — coloring of sorbents

— — decoloring of sorbents
2830

— — drying of sorbents
2830 ’

— — electrophoresis, bridgeless,
horizontal 1149

- — —, capillary 2815

— — —, IFKHAN-27 6750

— — —, thermal and electrical char-
acteristics 6753

, universal 1150, 1153, 1154

— — isoelectric focusing 6787

— — microelectrophoresis 6754

— — two dimensional electrophoresis
1154

Automated electrophoresis 1305

Automatic cell electrophoresis 3022

Autoradiography 1237, 4700

Bisacrylcystamine-acrylamide gel 4864

Blotting 1170

Books on electrophoresis 2810

Buffer system(s) 4687, 4744, 4748, 4749

— -, discontinuous 6778

2823, 2830
2823,

2823, 2824,

BIBLIOGRAPHY SECTION

Capillary isotachophoresis 1341, 2848,
2849, 4699, 6828

— type electrophoresis apparatus 2815

Cellogel, see Cellulose acetate

Cellulose -1270, 1321, 2857

— acetate 1201, 1219, 1255, 1272, 1316,
1317, 2841, 2845, 2851, 2864, 2880,
2906, 2956, 2963, 2964, 2969, 2975,
2980, 301, 4687, 4715, 4717, 4719,
4772, 4806, 4830, 4835, 4838, 4851,
6801, 6805, 6877, 6903, 6904, 6962

- — membranes 1259, 2979

Charcoal cartridge (for destaining) 1151

Column electrophoresis 1152

Combined gels 1344, 6974, 6984

Computer analysis of densitometric scans
1162

— — — isoelectric focusing 1217

— — — two dimensional electrophoresis
1174, 1214, 1227, 4675, 4679

— system for electrophoresis
6793

Computerized densitometry 1227

Condensation of fluids by electrophoresis
1263

Conical gels 6743

Continuous electrophoresis
2832, 7004

Coomassie Briliant Blue R 250 1226, 1295

Counter immunoelectrophoresis 1340

Crescent phenomena 1147

Crossed affinity immunoelectrophoresis
4779

— immunoelectrophoresis
4731, 4785, 4818

Cutoff points in densitograms 2819

— — — electrophoresis, determination
1146

DEAE-cellulose 1358

Densitometric analysis, television based
4745

~— evaluation (scanning)
6976

Densitometry, computerized 1227

Density gradient electrophoresis 4686

Detection, autoradiography 1237

—, electrophotographic 6765

—, fluorescence 1157, 6800

—, immunocautoradiographic 1234

—, laser light spectroscopy 6768

—, logarithmic amplifier 4677

— procedures 4678, 4679, 4680, 4700,
4751, 4752, 4753, 4820, 4866, 6756,
6767, 6888, 6977, 7012

—, silver method stain 6757, 6758, 6760,
6761, 6762, 6763, 6766, 6769

—, two dimensional spectroscopy 6759

Digital matrix photometry (detector)
4679

Effective mobility 4698

2814, 4704,

1147, 2811,

4703, 4714,

1156, 1162,
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Elcam 84, electrophoresis system 1150

Electrcosmosis 4683

—, electrophoresis process 6742

Electrophoreogram, densitometry 1156

Electrophoresis, anomalous effects 1324

— at elevated temperature 6902

—, automation 1305

—, combination with chromatography
1364

—, — with TLC 4700

—, comparison with chromatography
1278, 1280

—, computer system 2814, 4704, 6793

—, continuous 2811, 2832, 7004

—, evaluation of results 4754

—, history 6740, 6741

— in detergent containing media 1172

—, instrumentation 1149, 1150, 1151,
1152, 1153, 1154, 1155, 2813, 2814,
2815, 2816, 2817, 2818, 2878

—, miniaturization, applications

—, nonuniform field 6743

— on membranes 2826

—, process and practice 6770

—, steady state 4706

—, two dimensional, applications 1154,
1174, 1184, 1185, 1193, 1210, 1216,
1227, 1228, 1229, 1232, 1235, 1254,
1300, 1352, 2839, 2877, 2879, 2883,
2887, 2890, 2891, 2904, 2911, 2915,
2917, 2922, 2944, 2945, 2948, 2959,
2973, 2991, 4675, 4689, 4707, 4708,
4735, 4738, 4742, 4745, 4756, 4757,
4777, 4781, 4782, 4790, 4799, 4844,

2840

—, — —, miniaturization 2820, 2827

Electrophoretic analyser 6867

— desorption 6869

— mobility 1273, 1337, 6944

— spectra 1249, 4762

Electrophotographic detection 6765

Electrophotosensitive materials 6776

Electropolarization chromatography 6974

B-Emitters, detection 2822

Endoosmotic flow 6772

Fingerprinting 1210, 1211, 1352, 1363,
2860, 2930, 2953, 2968

—, miniaturization 2874

Fluorescent gels 1158

Fluorimetric detection 1157, 6800

Free-flow electrophoresis 1148, 4674

— — — in capillaries 4674

Fused rocket electrophoresis

Gel (s), conical shape 6743

— electrophoretic purification 1208

— preserving 2824

Gellab computer system 2814, 4704, 6793

Glass capillaries (for zone electro-
phoresis) 1173

— fiber paper electrophoresis

Gradient gel electrophoresis
2862, 4722, 6813

— —, horizontal 1169, 6813

— pH, borate-polyol 1163, 4746

— —, extension of the alkaline side
6789 :

4716, 6812

4718
2846,
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— —, stabilization
6781

Granular gel slabs 1165

High performance electrophoresis 4671

— — —, comparison with high voltage
electrophoresis 4671

— resolution separations 4683

— voltage electrophoresis 1175, 1176,
1366, 3006, 4671, 4709, 4771

Histoelectrofocusing 4747

Horizontal gradient gel electrophoresis
1169

Immunoautoradiographic detection 1234

Immunoelectrophoresis, affinity 4779

—, applications 1222, 1291, 1340, 2954,
4711, 4714, 6868, 6880, 6908, 6927,
6998

—, fused rocket 4716, 6812

—, practice 4684

—, rocket 1260, 1293, 1328, 2937, 4701,
4702, 4729, 4848

—, two dimensional
6929

—, zone applications 2943, 4701, 4703,
4716, 4734, 4785, 4845

Immunofixation methods 3008

Immunosubtraction methods 3008

Industrial applications 7014

Instrumentation for electrophoresis 1149,
1150, 1151, 1152, 1153, 1154, 1155,
2813, 2814, 2815, 2816, 2818, 2878,
4672, 4673, 4677, 4679, 4696, 6750,
6751, 6752, 6753, 6754, 6755, 6909,
6911, 6913, 6918, 6930, 6940, 6942,
6947, 6948, 6951, 6955, 6956, 6963,
6964, 6967, 6969, 6992

— — isoelectric focusing 4696, 6787

— — preparative electrophoresis 6779

Isoelectric focusing, affinity 4691

— —, applications 1162, 1163, 1164,
1165, 1167, 1168, 1179, 1217, 1224,
1235, 1248, 1261, 1274, 1277, 1284,
1288, 1299, 1302, 1314, 1321, 1323,
1327, 1330, 1331, 1332, 1335, 1342,
2858, 2875, 2897, 2903, 2904, 2907,
12909, 2924, 2940, 2950, 2951, 2960,
2962, 2970, 2972, 2976, 2978, 2981,
3009, 3023, 4670, 4689, 4690, 4693,
4695, 4696, 4716, 4725, 4727, 4731,
4735, 4740, 4759, 4761, 4764, 4769,
4778, 4780, 4785, 4798, 4801, 4803,
4805, 4816, 4837, 4846, 4847, 4850,
4868, 6847, 6850, 6853, 6865, 6870,

1163, 4692, 4693,

1193, 4848, 6797,

— —, characteristics of different

methods 6746
— -—, computer analysis 1217
— —, — simulation 4670

— —, continuous 3013, 4696, 6773

- -—, endoosmotic flow 6772

— —, faults 2837

— —, generation of pH gradients 4692
— -—, high resolution 6950

— — in agarose 1166, 1302, 4694

- - -~ -—, Sephadex 6784

— — — ampholine free solution 4670
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— — — detergent containing media
1172

— —, location of zones

— —, medium 2834

— —, multichannel tubing 4696, 6773,
6785

— —, new metodology 2835, 2836, 6790

— —, potentials 2837

— —, preparative 1165,
2833, 2856

— —, review 1142

— —, speed 4693

-~ —, theory 1168

— —, two dimensional

— —, ultrathin layer

6780

1166, 1180,

2868
4690, 6782

— point(s) 4797, 6818, 6850, 6937,
7011

— — markers 6792

— —, tables 4697

— spectra 6882

Isotachophoresis, analysis of anionic
species 1206

—, applications 1206, 1283, 1313,
1339, 1341, 2919, 2928, 2986, 2987,
2996, 2997, 3007, 3010, 3015, 4705,

4710, 4720, 4721, 4737, 4873, 6987,
6991

—, capillary 1341, 4699, 6828

—, effect of electroosmosis 6791

— in polyacrylamide gels 2867, 2919

—, mobility 4698

—, preparative, capillary 2848, 2849

—, review 6739

Laser-Doppler methods in electrophoresis
2831

— light spectroscopy 6768

LDS-polyacrylamide gel electrophoresis
4760, 4862

Limiting pore size in electrophoresis
2828

Lipidophor 1195, 6811

Mapping of protein mixtures 1254
see also Fingerprinting
Membrane electrophoresis 2826

Microelectrophoresis, apparatus 6754

Microgel electrophoresis, two dimen-—
sional 1154

Miniaturization of electrophoresis
1369, 2840, 3019, 6754, 6832, 7005

— — isocelectric focusing 6782

Mobility 4698

Molecular weight estimation
6748

— — markers 6792

Monitoring of resolution

Multi compartment apparatus

Mylar sheets 4842

Nitroccllulose 1298, 1303, 2882, 4712

Non-isothermal effects in electrophoresis
1147

O'Farrel gels 1247

Open tubular glass capillaries (for
electrophoresis) 1173

Paper electrophoresis, applications
1176, 1186, 1202, 1269, 1349, 1351,
1358, 1362, 1366, 2847, 3014, 3020,

2846, 6747,

1212
6781

BIBLIOGRAPHY SECTION

4719, 4732, 4867, 6986, 6989

— —, history 1144

—, lanthanum antimonate impregnated 700

Pharmalyte 4693

pH-mobility curve 1168

o-Phthalaldehyde, detection 1221

pK-Determination by electrophoresis

Polyacrylamide gel electrophoresis,
practice 6775

— —, low grade 1348

— —, polymerization kinetics
4682, 6771, 6774

— —, removal 2829

— — slabs, ultrathin 1286

Preparative electrophoresis

— — methods, comparison

— isoelectric focusing
2833, 2856

Preserving of gels 2824

Quality of separation 6744

Quantitation of polyacrylamide gel 1256

Quantitative analysis of electrophoreograms
1145, 1256, 1258, 1265, 1282, 4750,
6811, 6884, 6908

— two dimensional electrophoresis

Reagent binder films 2876

Reflectance densitometry 4866

Removal of detergents 1151

— — electrophoresis stains

Resolution 1212

Review, affinity electrophoresis

—, isoelectric focusing 1142

—, isotachophoresis 6739

—, starch gel electrophoresis

Rheoelectrolysis, steady state
6796

Rocket immunoelectrophoresis 1260, 1293,
1328, 2937, 4701, 4702, 4729, 4848

Rotating water bath for enzyme detection
(in slab gels) 1155

Sample application in polyacrylamide gel
electrophoresis 4673

Scanning 1156, 1162, 6976

Silver method stain 2820, 6757, 6760,
6761, 6762, 6763, 6766, 6769

Slab gels, preparation 4688

— —, radicactivity counting 1213

Sodium dodecyl sulfate, properties 1159

— — —, removal from polyacrylamide

1168

4681,

7010
6779

1165, 1166, 1180,

1257

1151

1143

1142
6795,

gel 4685
Stability constants, determination by
electrophoresis 6988

Stain for proteins, ultrasensitive 1218

Staining of zones, o-phthalaldehyde 1221

Starch gel electropheresis, applications
1284, 1306, 1346, 2894, 3005, 3017,
6852, 6853, 6855

— — —, review 1142

— —, from Qinghai potato

— —, preservation 2821

— — scanning 2821

Steady state electrophoresis 4706

super resolution, matematical approach
1145

Symposium proceedings 2810

Tannic acid complexes in PAGE

6777

1296
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1220

1161, 6826
4702
1148,

Teaching of electrophoresis
Techniques of electrophoresis
Theory of affinity electrophoresis
— -— electrophoresis 1147, 1146,
2811, 2812, 4702, 6745
— — 1isocelectric focusing
Thermal effect upon electrophoresis
Titan (IIX) cellulose acetate 4715
Transfer of proteins to nitrocellulose
(for radiographic detection) 1170
Two buffers in one dimension electro-
phoresis 2845
Two dimensional electrophoresis, applica-
tions 1154, 1174, 1184, 1185, 1193,
1210, 1216, 1227, 1228, 1229, 1232,
1235, 1254, 1300, 1352, 2839, 2877,
2879, 2883, 2887, 2890, 2891, 2904,
2907, 2911, 2915, 2917, 2922, 2944,
2945, 2948, 2959, 2973, 2991, 4675,
4689, 4707, 4708, 4735, 4738, 4742,
4745, 4756, 4757, 4777, 4781, 4782,
4790, 4793, 4799, 4844, 4874, 6792,
6822, 6823, 6824, 6833, 6836, 6837,
6838, 6846, 6851, 6871, 6886, 6891,

1168, 6746
6749
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6893, 6894, 6915, 6917, 6943, 6945,
6948, 6973, 6985, 6986

— — —, computer analysis 1174, 1214,
1227, 4675, 4679

— — —, miniaturization 2820, 2827

— — —, quantitative 1257

— — lisoelectric focusing 2868

— — O'Farrel gels 1247

— — spectroscopy of gels 6759

TYCHO system for two dimensional elec-

trophoresis 4675
Ultrasensitive stain for proteins 1218
see also Silver method stain
Ultrathin polyacrylamide gel slabs 1286
Urea gradient electrophoresis 6831
— polyacrylamide gel 6784
— Triton X-100 polyacrylamide gel 2859
Zeta potential, determination 2812, 2881,

3018

Zone electrophoresis in capillaries
2825

— immunoelectrophoresis 2943, 4701,
4703, 4716, 4734, 4785, 4845

Zwitterionic groups 1171
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Index of Types of Compounds Chromatographed

In this Index identical rules as in the Bibliography books (Suplementary volumes of
the Journal of Chromatography) were used, e.g. references of general interest and
techniques are listed first, followed by application and finally by papers limited

to a certain area of applications only.

Please note that this index refers to the entry numbers in the Bibliography
Section. The entries have been published according to the following schedule:

Entries Vol./No. Entries Vol./No.
1-1373 237/2 3025-4874 245/2
1374-3024 242/1 4875-7014 250
/\ Agrochemicals (other than pesticides)
C: 625, 626, 2202, 2203, 2205-2208,
4140, 4147, 4148, 6164, 6211-6213
Acaricides G: 3, 100, 105, 106, 1559, 1561, 1562,
C: 620, 4129 3313, 3327-3329, 3334, 3338, 3342,

Acids, see Carboxylic acids
Aconitum alkaloids
C: 4047
Acridines
C: 6090
T: 4546, 6632
Acrylic resins
C: 230, 2224, 2232, 2234, 6220, 6222,
6227, 6228
E: 3004
G: 111-114, 116, 1394, 1571-1573,
1581, 3352, 3359, 3362, 5143, 5149
T: 1050, 2745
- Actinides and uranium
C: 730, 732, 2386, 2407, 6388
E: 3013, 4871, 7004
G: 1632
P: 4343, 6451
T: 1117, 1122, 1125, 2469, 2791, 2795
Actinomycins
T: 4582

Adrenergic and adrenergic blocking agents

C: 645, 651, €68, 703, 2332, 4174,
4243, 4255, 6256, 6258, 6264, 6270,
6277, 630t, 6306, 6316, 6317, 6332,
6354, 6374

G: 122, 141, 144, 1596, 1608, 3374,
3396, 3416, 5160, 5190, 5203

T: 1026, 1068, 2655, 2755, 4621, 4628~
4630, 4652, 6698, 6701, 6714

Aflatoxins

C: 304, 1838, 3660, 3662, 3663, 3666,
3667, 5624, 5625, 5627, 5628

G: 5006

T: 844, 2541-2543, 4385, 4387-4392,
6490, 6491, 6493, 6495, 6497

5122, 5123, 5128, 5129, 5164, 5374
T: 2733, 4431, 4432, 4593, 4595, 4596,
6600, 6676 -6678, 6681
Air pollution
C: 1712, 2438, 2439, 4280, 4310, 4311,
6417
G: 15, 31, 109, 190-195, 1430, 1545,
1643, 1653 - 1656, 1658 - 1666, 3134,
3140, 3165, 3298, 3344, 3457, 3459,
3461, 3468, 3470, 3518 -~ 3523, 3525,
3526, 4903, 4905, 4913, 4921, 4922,
4941, 4971, 4987, 5009, 5072, 5079,
5104, 5109, 5262, 5263, 5267, 5324~
5350
P: 4325
T; 827-829, 1138, 1139, 2729, 4373,
6479, 6672, 6678, 6736
-, rewies
G: 188, 189
Alcohols
—, aliphatic
Cc: 295, 1710, 1831, 3574, 3587, 3642,
3643, 5607, 5609, 5635
G: 23, 109, 115, 171, 175, 178, 200,
1399, 1418, 1425, 1438, 1447, 1474,
1520, 1525, 1569, 1609, 1639, 1641,
1643, 1662, 1671, 1672, 3046, 3054,
3145, 3146, 3153, 3155 -3159, 3166,
3237, 3239, 3346, 3511, 3525, 4921,
4948, 4953, 4954, 4956, 4993, 4996,
5213, 5221, 5242, 5276, 5278, 5287,
5302, 5316 - 5318, 5327, 5328, 5353,
5358, 5366
P: 832
T: 810, 831, 832, 2580
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—, cyclic
c: 292, 309, 1710, 1817
G: 40, 1403, 1520, 1646, 1668, 3096,
3145, 3153, 3156, 4936, 4995, 5221,
5242
P: 2527
T: 2527, 4375, 4471, 6502
Aldehydes, See Oxo compounds
Alkali metals
C: 4287
G: 1632, 4929
T: 2793
Alkaline earths
C: 726, 2380, 4287 - 4290
E: 3012, 3013
G: 5109
P: 2474, 6451
T: 1121, 2793, 2795
Alkaloids
C: 556-561, 1820, 2113-2119, 4042~
4056, 6070-6089
G: 1544, 3288-3291, 3412
P: 4335, 6443
T: 977-990, 2650-2670, 4523-4539, 6620~
6628
-, reviews and books
C: 546
G: 2
—, theory and general techniques
c: 6075, 6076
G: 3218
T: 984, 2498, 2659, 2669, 4351, 4357
see also individual alkaloid species
Allergens
C: 447
E: 1108
Aluminium, see Cations, inorganic,
analytical group III
Amides and imides
Cc: 1954, 3833-3835, 5801, 5852-5854
G: 38, 87, 1534, 1538, 3043, 3044,
3094, 3503, 5078, 5286, 5315, 5325,
5358
T: 946, 4488, 4489, 6599, 6737
Amines
C: 395-413, 1930-1960, 3799-3838,
5797-5854
E: 1201
G: 80-87, 1528-1535, 3248-3263,
5074-5089
P: 764, 765, 2453, 2454, 6434, 6435
T: 934-946, 2615-2630, 4478-4492,
6584-6589
—, reviews
G: 5087
~, theory
P: 6435
—, general techniques
c: 398, 412, 1932, 3571, 3807, 5797,
5798, 5800, 5801, 5803, 5808
E: 2825
G: 1528, 1554, 3043, 3094, 3251-3255,
3258, 3260, 4893, 4936, 4956, 5080
T: 934, 939, 6585

BIBLIOGRAPHY SECTION

—, aliphatic amino alcohols and
quaternary bases
C: 2272, 3838, 5813, 5843
E: 4866
G: 169, 1447, 3084, 3447, 5080, 5295
T: 938, 2517, 2615, 4345, 6584, 6587,
6698
—, alkyl
G: 1529, 1531, 1532, 3250, 4956, 5075,
5079, 5084, 5085 -
T: 934, 6585
— EYyelig
G: 1486, 1532, 3164, 3258, 3259
~-, —, techniques and theory
Cc: 247, 411, 3609, 5800, 5807, 5817,
5845
G: 82, 83, 86, 1399, 1529, 1531, 5089
P: 2453
T: 793, 934, 941, 943, 2517, 2618,
2620, 2621, 4478, 4491, 6585
—, —, applications
C: 395, 404, 412, 1845, 1931, 3638,
3804, 5843
E: 1201
G: 85, 1634, 3256, 3257, 5077, 5078,
5081, 5082, 5087
P: 764
T: 764, 940, 942, 2616, 2617, 2619,
2623, 2762, 4479-4483, 4490
—, halogen
C: 3676, 5848-5851
G: 1528, 3255
—, polyamines and their derivatives
C: 396, 397, 1930, 1933-1935, 2420,
3799, 3801-3803, 3805, 5802, 5809,
5812, 5813, 5838, 6061
E: 1201
G: 81, 1529, 1648, 3259, 5078
T: 935, 936, 945, 948, 4487, 6586
Amino acids
C: 414~431, 1961-1980, 3839-3870,
5855-5903
E: 1202-1204, 2855
G: 88-91, 1536-1540, 3264-3277,
5090-5093
P: 766-768, 2455-2457, 4326, 4327,
6436-6438
T: 947-955, 2631-2637, 4493-4506,
6590-6599
—, reviews
C: 5875
E: 6739
G: 3269, 5091
-, techniques
C: 239, 243, 274, 414, 419, 428, 1961~
1965, 1967, 1975, 1978, 3571, 3728,
3844 - 3846, 3849, 3850, 3853, 3858,
3859, 3863, 5400, 5423, 5805, 5860,
5863, 5870, 5873, 5876, H892, 5893,
5896, 5897, 5902, 5903
: 2825, 2855
: 89, 91-94, 1536, 1538-1540, 3043,
3094, 3265, 3267, 3272, 3274, 4936,
5093, 5094

Q
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P: 766-768, 4494, 6428
T: 950, 2493, 2636, 4347, 4494, 4496,
4499, 6458, 6590, 6599
—, applications, non-biological

C: 1967-1969, 3638, 5538

G: 5355

T: 949, 951, 2632, 2634, 2638, 4500,
4502, 4503

, —, enzymatic reactions

C: 1976, 3862, 5868

—, —, microorganisms and plantsg
C: 422, 3865, 5877

G: 88

P: 2456, 4326, 6437, 6438

T: 2637, 4497, 4506

—, ——, blood
C: 415, 424, 430, 431, 672, 1970, 1971,
1977, 1980, 5856, 5865, 5871, 5884,
5887, 6338
G: 3264, 3269, 3273, 3276, 3431, 3435,
3469, 5169
T: 954, 6590
—, —, urine

C: 3852, 5864, 5878, 5898, 5899, 5901
G: 3266, 3270, 3273, 3277, 3435, 5035,
5090, 5169
P: 2455, 2457
T: 952, 2455, 2627, 4493, 6590, 6591,
6595, 6596
—, —, other biological material
C: 744, 1974, 3839, 3842, 5861
G: 90, 1523, 1537, 3248, 3264, 3275,
3447, 5034, 5096
T: 2635, 4498, 6594, 6597, 6598
—, derivatives, reviews
C: 3858
—, —, dansyl and dabsyl
c: 417, 1710, 3857, 3864, 3868
E: 1173, 1203
P: 770, 772
T: 770, 772, 823, 826, 948, 955, 963,
968, 2501, 2631, 2635, 4504, 4505,
6590, 6598
—, —, DNP
C: 425
P: 768
T: 2633, 6593
—, —, DABTH

T: 4501
—, —, isoindole and indole
C: 3854, 5872
—, —, OPA
C: 3850, 3853, 3869, 5862
w—y =, PTH
C: 429, 441, 1979, 1991, 1993, 3842,
6338
T: 826
—, — with modified sulphur function

c: 1973, 3847, 3860, 5859
T: 949, 2683, 2771
—, — other
Cc: 3851, 3855, 3867, 5857, 5874, 5885~
5887, 5890, 5891, 5894, 5900
E: 2857
G: 3271
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P: 4327
T: 964, 1082, 2638, 4327, 6592
-—, lodinated
C: 416, 417, 426, 427, 1972, 3861,
5858, 5864, 5869, 5881, 5895, 5933
E: 1202
P: 768, 6436
T: 2636, 4495, 4501
—, metal complexes

C: 423, 3840, 3841, 3856, 3870, 5866,
5879, 5888, 5889
E: 2835

-, unusual

c: 418, 419, 421, 1966, 1971, 1980,
3848, 3852, 3863, 3866, 5855, 5867,
5880, 5882, 5883, 5887, 5891, 5894,
5898

E: 1204, 2855

T: 2637

Aminoglycosidic antibiotics
Cc: 594, 599, 607, 613, 2176, 2177,

4106, 4109, 4120, 6160, 6170, 6172,
6176, 6186, 6188, 6192
P: 2464, 2691
T: 1011, 1012, 1017, 1023, 2464, 2691,
2693, 2705, 2710, 6645, 6647, 6648,
6667, 6668
Ammonia
G: 32, 1531, 1572, 3469, 3508, 4986,
5261, 5264, 5268
Amphetamines
T: 1064, 2618, 4621, 6699
Anabolics
G: 3032
Anaesthetics

C: 665, 679, 685, 687, 6310
G: 124, 142, 3032, 3372, 5177, 5218,

5244
—~—, local
C: 638, 649, 650, 670, 2346, 4195,
4196, 6253
G: 123, 151, 1592, 3383, 3401, 3456
T: 991, 992, 1056, 1078, 1079, 2754,

2761, 2781, 4621, 4623, 4628, 6714
Analeptics, see Psychotropic drugs
Analgesics, See Antipyretics etc.
Androstane derivatives
—, techniques and theory

C: 246, 3763, 3773, 3765
G: 73, 3220
T: 914, 4356, 6561
—, applications, non-biological
C: 1902
E: 2854
T: 908, 1082, 6556
~-, —, biological
c: 318, 369, 371, 376, 377, 1905, 1906,
1909, 1917, 3225, 3761, 3764, 3768,
3770, 3775, 3778, 5740, 5741, 5746,
5750, 5751, 5755
: 68, 1512, 3223, 5057
4324
905, 910, 913, 915, 916, 4324, 4339,
4444, 6557, 6558

H Yo
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— , —, microbial
c: 1902

Anions, inorganic
C: 733, 2409-2412, 4291-4298,

6395-6403

G: 1623, 3449-3451
P: 2478-2481, 6453
T: 1127, 6730

—, —, techniques
C: 733, 2412, 6386, 6394, 6396-6398
P: 2479, 2480
T: 6730
see also Halides and other inorganic
halogen compounds; Nitrogen compounds;
inorganic; Phosphorus compounds, in-
organic; Selenium compounds, inorganic;
Sulphur compounds, inorganic

Ansamycins

C: 4121

T: 1018, 4569, 4575, 6649
Anthelmintics

C: 673, 4221

T: 2784
Anthocyanins

c: 308, 5630-5633

G: 5220

T: 4394, 4614
Anthracycline antibiotics

c: 591, 595, 608, 2172, 4116

P: 780

T: 780, 1024, 2699, 2702, 2703, 2711,
4570, 4573, 4583, 6657, 6663

Anthraguinones

C: 3669, 5641

G: 3256, 3257

P: 2448

T: 849, 853, 1004, 2551, 4362, 4397~
4399, 4481, 4549, 4658, 6501,
6505-6507

Antiarrhytmics
C: 660, 677, 2299, 2315, 2321, 2329,
2342, 2346, 2357, 4164, 6243, 6267,
6271, 6272, 6356
G: 123, 130, 1588, 3377, 3399, 3401,
3456, 5200
T: 991, 992, 2779, 4621
Antiarteriosclerotics

G: 1507
Antiarthritics, see Antirheumatics
Antiasthmatics

Cc: 4258, 6073, 6088, 6320

P: 1093

T: 2657, 4621

see also Antihistamines; Purine

alkaloids

Antibacterials (including antiseptics
and desinficiens)

Cc: 641, 642, 2258, 2275, 2305, 2330,
2423, 4173, 4185, 4186, 4202, 4211,
4217, 4223, 4231, 4250, 4272, 6235,
6242, 6281, 6285, 6287, 6291, 6292

G: 1585, 4918, 5162

T: 1073, 4621, 4622, 4634, 6676

see also Chemotherapeutics; Sulphon-

amides

BIBLIOGRAPHY SECTION

Antibiotics
C: 590-615, 2164-2187, 2292, 4104-
4126, 6160-6197
E: 2998-3001, 4869-4870, 6991-6993
P: 779-782, 2464, 2465, 4339, 6445
T: 1011-1024, 2689, 2691-2717, 4339,
4565-4583, 6645-6668
—, general techniques
Cc: 2183, 2187
G: 1649
see also individual antibiotic groups
Anticoagulants
Cc: 701, 2358, 4233, 6349
T: 4693
see also Coumarins
Anticonvulsants
c: 707, 715, 1789, 2280, 2307, 2326,
2328, 2350, 4227, 4256, 6250, 6312,
6339, 6343
G: 120, 128, 131, 134, 138, 1594,
1595, 1598, 1604, 3436, 3458, 4972,
5191, 5218
T: 1072, 2775, 4616, 4621, 6697, 6714
Antidepressants, see Psychotropic drugs
Antidiabetics, oral
Cc: 682, 690, 714, 2345, 6325, 6336,
6354
G: 3455
T: 4621, 6691, 6711
Antiemetics
c: 702, 2310
G: 3402
T: 2765, 4615, 4621
Antiepileptics
C: 696, 2274, 2280, 2323, 2328, 2333,
2350, 4256
G: 120, 125, 131, 1590, 1604, 1606,
1612, 1615, 3386, 3409, 3410, 3490,
4972, 5158, 5198, 5228
T: 4621, 4638
Antifertility agents
C: 6298
Antifungal antibiotics
C: 6161, 6187
T: 4566, 4580
Antihistamines
c: 702, 2278, 2290, 2320, 2339, 4180,
4192, 4229, 4236, 6300, 6315, 6329
G: 3402, 4970, 5161, 5165
T: 1074, 1085, 2752, 2769, 4617, 4621,
4629, 4630, 6714
Antiinflammatory agents, See Anti-
rheumatics
Antimalarial drugs
C: 2301
T: 1055, 1097, 2756, 2768
Antimony, See Cations, inorganic,
analytical group IIb
Antimycotics
Cc: 4182, 6283, 6308, 6345, 6347
T: 2753, 6700
see also Antifungal antibiotics;
Pungicides
Antioxidants and preservatives
c: 735, 736, 1728, 2417, 2418, 4195,
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4299, 4300 - 4302, 6407, 6408
E: 3014, 3015
G: 170, 1501, 1634, 5085, 5272- 5274
T: 1136, 1137, 2657, 2800-2804, 4547,
4666 - 4668, 6472, 6734, 6735
Antiparasitic drugs
C: 2309, 4175, 4204, 4234, 6247, 6251,
6273
see also Acaricides; Anthelmintics;
Antimalarial drugs
Antiparkinsonics
C: 672
G: 1593
T: 4621
Antiprotozoal agents, See Antiparasitic
drugs
Antipyretics and analgesics
C: 657, 665, 675, 694, 1728, 2269,
2288, 2304, 2326, 2340, 2343, 2348,
3833, 4197, 4226, 4232, 4260, 6236,
6245, 6263, 6266, 6268, 6286, 6289
G: 121, 1584, 1600, 3363, 3370, 3371,
3376, 3381, 3382, 3387, 3391, 3394,
3397, 3405, 3413, 3414, 5175-5177,
5189, 5247
T: 1058, 1059, 1070, 1072, 1081, 1086,
1095, 1100, 1101, 4618, 4621, 4623,
4627, 4629, 4630, 4633, 4635, 4645,
4646, 4649, 6692, 6697, 6702, 6714
Antirheumatics
C: 661, 669, 681, 684, 694, 698, 708,
2289, 2296, 2300, 2302, 2314, 2335,
4183, 4225, 4237, 4240, 4253, 4257,
4160, 6254, 6257, 6280, 6309, 6341,
6342, 6351 -6353, 6355
G: 121, 3391, 3405
T: 1061, 2772, 2774, 4621, 4627, 4637,
6636, 6637, 6697, 6710, 6712
Antiseptics, see Antibacterials
Antitumor antibiotics
Cc: 2170, 2178, 4123
T: 1019, 1022, 2692, 2698, 2703, 2706,
6652, 6653, 6660, 6661, 6663, 6666
Antitussives
C: 2298, 2336, 6290
p: 1087, 1093
T: 1087, 1093, 4617, 4621, 4624, 6693,
6714
Antiulcer compounds
T: 1096
Antiviral compounds
C: 667, 2291, 2313
G: 1614
T: 4621
Appetite depressants
C: 4216
T: 6714
Arsenic, 8ee Cations, inorganic,
analytical group ITb
Asphalts, see Coal, tar and bitumens,
hydrocarbons in
Aza heterocyclics
C: 4104
G: 5074
Aziridines
C: 6104
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Azo and related compounds
C: 252, 1833, 1957, 1959
G: 108, 1544
T: 2629, 2684, 6588

Azulenes
Cc: 12
G: 5070

B

Bacteria, taxonomy
G: 59, 64, 88, 1651, 3439, 3444, 3509-
3512, 5005, 5028, 5036, 5039, 5317,
5318
Bacteriophages
G: 3299
Barbiturates
C: 227, 638, 644, 706, 2277, 2338,
2350, 4235, 5438, 6239, 6259, 6279,
6334, 6340
G: 1583, 3365, 3409, 3443
P: 6428
T: 1057, 2758, 2781, 4621, 4638, 4656,
6714
Barium, see Alkaline earths
Beryllium, See¢ Cations, inorganic,
analytical group III
Bile acids and alcohols
C: 383, 384, 1919, 1920, 3790 - 3792,
5767-5776
G: 75, 1516, 1517, 3228, 3233, 3234,
5062, 5064-5066
T: 2599-2601, 4356, 4455-4462, 6569
—, review
C: 2369
Bile pigments
C: 565, 2120, 2212, 4057, 6093-6095
G: 5
T: 993
Biopolymers, techniques
Cw 270
—, review
G: 5019
Biphenyl and derivatives
G: 104, 196, 1450, 1469, 1635, 3028,
3135, 3138, 3313, 3316, 3318, 3536,
5136, 5212, 5351
T: 2721
Bismuth, see Cations, inorganic,
analytical group I and IIa
Bitter substances
C: 393, 1926, 5787
T: 930, 2783
B~-Blockers, see Adrenergic and
adrenergic blocking compounds
Boranes and derivatives of boric acid
C: 4083
G: 1532, 5043
T: 4554-4556
Boron compounds, inorganic
T: 4663
Bronchodilatoers
C: 674, 2259, 2273
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P: 1087
T: 1087, 1090, 2657, 4621, 6701, 6709

Cadmium, See Cations, inorganic,
analytical group I and Ila
Caesium, see Alkali metals
Calciferols, 8ee Vitamins, D group
Calaium, see Alkaline earths
Cannabis constituents, see Hallucinogens
Capsaicin
c: 711
G: 3429
P: 784
Carbamates, see Pesticides, carbamates
Carbazoles
C: 6090
T: 2678
Carbohydrates
C: 317-331, 1851-1857, 3678-3693,
5648-5664
E: 1177, 1178, 4710
G: 42-49, 1483-1488, 3169-3183,
5010-5019
P: 751-759, 2449, 2450, 4320-4323,
6424-6426 .
T: 854-864, 2553-2561, 4401-4410,
6509-6514
—, reviews and books
C: 1851
G: 3176
—, general techniques and theory

C: 323, 326, 328, 331, 1790, 1852-1855,

1862, 1922, 1923, 3594, 3680, 3690,
3701, 3704, 5648, 5651, 5657, 5661,
5663
G: 18, 42, 43, 48, 49, 1483, 1488,
5013, 5017, 5018, 5025
T: 2556, 4356, 4401, 4403, 6511
-—, applications, non-biological
C: 3684, 5650
G: 5293
P: 754, 857, 4322, 4323
T: 754, 857, 2539, 2555, 2559, 2560,
4322, 4406, 4408, 4410, 6509, 6510,
6512
—, —, microorganisms
G: 3510, 5021, 5025
T: 4405
—, —, plants
c: 327, 1792, 1794, 1795, 3681, 3689,
5653, 5680, 5681
E: 4718, 4719
G: 45, 48, 3184, 5015
P: 4326, 6425
T. 854, 856, 862, 2558, 6425, 6511
=, -, food products
c: 1792, 1794, 1795, 1851, 1856, 1857,
1922, 3685, 3693, 5659
G: 45, 1485, 1487, 1489, 3175, 3179,
3183, 5225
P: 4323
T: 864, 4404

BIBLIOGRAPHY SECTION

—, —, animal material
Cc: 318, 321, 3678, 3683, 3691, 5660,
5664

G: 3171, 3174
P: 751, 752, 755-757, 759, 2450, 2554,
2557, 4320, 4321, 6426
T: 755, 759, 855, 863, 2554, 2557,
4402, 4407
—, derivatives
C: 320, 347, 1870, 1882, 3678, 3679,
3693, 5658, 5667, 5673, 5710
E: 1181, 4715
G: 18, 3174, 5017
P: 857, 6424
T: 855, 857
—, —, acids and lactones
c: 320, 347, ts870, 1882, 3678, 3679,
3693, 5658, 5667, 5673, 5710
E: 1181, 4715
G: 1636, 3407, 5119, 5293
P: 6424
T: 855
~—, —, alcohols
C: 3700, 5651
G: 46-48, 148, 1473, 1484, 3174, 3176,
5010, 5018, 5019
T: 859, 860
—, —, amino sugars
C: 5652, 5654
E: 1178, 4710
G: 42, 49, 1486, 1488, 3170, 3180,
3182, 5010
P: 753, 758, 4320, 4321
T: 758, 2561, 4402, 4406
see also Glycosaminoglycans
-—, —, anhydro sugars
G: 42
P: 858
T: 858
-, —=, deoxy sugars
G: 3180, 3182, 5013
—, —, methylated sugars
cs 335
G: 44, 5017
P: 2554
T: 2554, 6509, 6510
—, —, phosphates, gee Phosphorus
compounds, organic
—, —, sulphur containing
C: 5655, 6106
G: 3426
P: 858
T: 858
see also Glycosaminoglycans
Carbon
G: 1449, 1670, 3466, 3514, 4883, 4924,
4978, 4980, 5283, 5324, 5372
Carbon oxides
G: 109, 158, 160, 165, 1384, 1421,
1599, 1413, 1624, 1631, 1636, 1654,
3063, 3101, 3147, 3452, 3457, 3459,
3461, 3464, 3465, 3471, 4913, 4922,
4924, 5253, 5255, 5258, 5261, 5264,
5267, 5270, 5275
Carboxylic acids
C: 345-352, 1871-1876, 3713-3729,
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5683-5714
E: 2849, 4720, 6806
G: 50-54, 178, 1490-1495, 3185-3194,
5026-5039
P: 6427, 6428
T: 865-872, 2562-2565, 4411-4413,
6517-6524
—, reviews and boocks
G: 5029
T: 790
-, theory
C: 3728
T: 790
—, general techniques
C: 274, 348, 3719, 3728, 4275, 5684,
5691, 5693, 5695, 5703, 5706, 5708,
5711 - 5713, 6373
G: 1622, 3070, 3118, 3187, 4948, 4956
P: 6428
~—, higher fatty acids
C» 349, 351, 358, 1872, 1875, 1878,
1880, 1885, 3725, 4297, 5683, 5698,
5705
G: 59, 60, 64, 150, 1399, 1492, 1493,
1500, 1502 - 1504, 1515, 1542, 1l6l6,
1640, 1651; 3118, 3202, 3203, 3210,
3211, 3215, 3434, 3436, 3439, 3440,
3444, 3497, 3512, 4948, 5026, 5029,
5036, 5042, 5044, 5046, 5049 - 5051,
5054, 5062, 5158, 5230, 5239, 5241,
5248, 5249, 5296, 5315, 5333
P: 832, 6449
T: 832, 871, BY3, 2565, 2574, 2577,
4356, 4412, 6449, 6467, 6532, 6542,
6732
—, —, simple esters
: 1871, 1878, 1886, 1929, 3729, 4237,
4298, 5696
G: 23, 25, 52, 53, 66, 110, 116, 121,
165, 170, 178, 190, 191, 1394,
1403, 1438, 1492, 1502, 1520, 1575,
1581, 1618, 1643, 1662, 1671, 3028,
3046, 3146, 3178, 3186, 3188, 3190,
3268, 3352, 3353, 3520, 5030 -5032,
5142, 5221, 5276, 5278, 5282, 5304,
5318, 5338, 5348, 5354, 5366
T: 6521 -6523
-, lower fatty acids
C: 2411, 5700, 5704, 6396
E: 4720, 6806
6 50, 51, 178, 184, 200, 1491, 1492,
1610; 1639, 3147; 3167, 3191, 3211,
3352, 3353, 3500, 3532, 4956, 5292,
5296, 5316, 5353
T: 865, 868, 2564, 6520
—, non-volatile (aliphatic hydroxy
acids, di- and tricarboxylic acids)
—, —, techniques
: 1886, 3720, 3723, 5699
: 2849
: 52, 53, 3044, 3438, 5039, 5043
: 6428
: 2564, 4413, 6520
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—, —, applications
C: 5688, 5692, 5704
G: 62, 66, 1492, 1495, 1636, 1662,
3169, 3233, 3500, 5027, 5032, 5037,
5052, 5293
P: 2462
T: 872, 2563, 6524
—, —, lactones
G: 54, 3146, 5218, 5242
—, oxo acids, techniques and applica-
tions
€: 350, 1876, 3713
G: 64, 1480, 1490, 1492, 1495, 3189,
3193, 3195, 5282
P: 2462, 4323, 6428
—, cyclic acids, techniques and theory
C: 346, 347, 566, 569, 1883, 3605,
3717, 3718, 3722, 3724, 5685
G: 1386, 3192
P: 4318, 6428
T: 869, 4411, 6461, 6599
—, -, applications, non-biological
c: 1881, 1882, 1929, 5538, 5690
G: 109, 121, 180, 193, 5042, 5353,
5354
P: 6427
T: 1060, 6736
—, ==, — 1in microorganisms
G 313
G: 5028
T: 866, 2562
—, —, — in biological material
C: 242, 345, 352, 406-408, 567, 570,
1874, 3714 - 3716, 5686 -5689, 5694,
5704, 5714
G: 95, 1520, 3185, 3249, 5027, 5044,
5052, 5054
T: 870, 880, 6518
-, —, — in food products
c: 1879, 1884, 5697, 5710
G: 170, 1494, 3209, 5299
T: 6519
Cardiac depressants
€y 2321, 2329, 2342
Cardiac glycosides, reviews
c: 5779
-, techniques
C: 387, 5780
P: 6429
T: 921, 2606, 2608, 2785, 4467, 4468,
4621
—, applications, non-biological
C: 385, 1840
T: 2607, 2788, 6571, 6572, 6574
—, —, biological
C: 386, 388, 389, 1924, 3793, 4212
T: 6573
Cardiotonics and cardiostimulants
Cs: 695, 2113, 2273, 4210
G: 3286
T: 1084, 2755, 4621
Catechins
C: 302
G: 147, 1479, 1510
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Catecholamines

C: 258, 399~404, 408, 409, 1936-1945,
1947, 1949 - 1953, 3808 - 3814, 3816~
3818, 3820~ 3827, 3829~ 3831, 4058,
4195, 5479, 5525, 5819 - 5821, 5823~
5827, 5830-~ 5833, 5836- 5839, 5842

G: 80, 5086, 5088

P: 2454

T: 2501, 2625, 2626, 4484 - 4487, 4621

—, review

Cc: 5822, 5829, 5831, 5834, 5835, 5840,

5842
-—, metabolites

C: 242, 342, 400, 404-407, 1%42, 1947,
1948, 3714, 3716, 3718, 3816 - 3820,
3822, 3825, 3828, 3829, 5828, 5841

G: 80, 84

Cations, inorganic

Cc: 717-732, 2377-2408, 4281-4290,
6385 - 6394

E: 3012, 3013, 4871, 4872, 7001 - 7003

P: 785, 2468~ 2477, 4342 - 4344, 6450~
6452

T: 1116~ 1126, 2789 - 2796, 4663,
6721- 6729

—, —, techniques

C: 731, 2393, 2394, 2400, 4283, 6389,
6391, 6393

E: 4872, 7001

G: 5364

P: 2472, 2474, 2476, 6451, 6724

T: 1122, 1125, 2516, 2789, 6722, 6724

—, —, analytical group I and IIa

(Ag, Bi, Cd, Cu, Hg, Pb, T1)

Cy 273; 718; 719, 728; 729; 2377;
2380, 2383, 2399, 2402, 4284, 4287,
4289, 6385, 6387, 6392

E: 3013, 69390, 7003

G: 173, 1632, 3305, 3308, 5115, 5320,
5364

P: 785, 2469, 2472, 2474, 2475, 4342,
6451

T: 1116, 1121, 1122, 1125, 1126, 2469,
2790, 2793, 2795, 2796, 4342, 6721,
6722, 6726

—, —, analytical group IIb (As, Mo,

Sb, Se, Sn, Tc, Te, V, W)

C: 724, 2378, 2397, 2404, 2406, 2408,
4282, 4287, 6385, 6394

E: 7002

G: 1632, 3303, 3304, 3449, 5110, 5112-
5114, 5131

P: 2469, 2470, 2474, 6453

T: 1119, 1122, 1123, 1125, 2469, 2793,
2795, 6722, 6723, 6726

—, —, analytical group III (Al, Be,

Co, Cr, Fe, Ga, Mn, Nb, Ni, Ta, Th,

Ti, 2n, Zr)

c: 273, 717-719, 725, 726, 728, 2377,
2379, 2380; 2383, 2384, 2392, 2399,
2401, 2402, 2405, 2408, 2410, 4284,
4287 - 4289, 6122, 6385, 6390, 6392

E: 3013, 6990

G: 30, 1552, 1632, 3306, 4902, 5115,
5131

BIBLIOGRAPHY SECTION

P: 2469, 2470, 2473, 2474, 6450, 6452
T: 1121, 1122, 1124, 1125, 2469, 2473,
2790, 2792, 2793, 2795, 6721, 6722,
6727, 6729
see also Actinides and uranium; Alkali
metals; Alkaline earths; Platinum
metals and gold; Rare earths
—, —, complex mixtures
T: 1122
Cells, viruses and microorganisms
C: 738, 2435, 2436, 4305, 4306,
6411-6416
E: 1161, 3021, 3022, 4874, 7007~ 7010,
7012, 7013
G: 3281, 5230
Cellulose acetate
G: 184, 5017, 5148
Cellulose nitrate
C: 226
G: 3348, 5017
Central stimulants
C: 2267
T: 4621
Cephalosporins
c: 592, 605, 610, 611, 2167, 2182,
2187, 3758, 4107, 4113, 4118, 4119,
4122, 4230, 6166, 6168, 6177, 6183,
6185, 6189, 6287, 6383
P: 779, 6445
T: 779, 1016, 2591, 2695, 2708, 2714,
4568, 4572, 4581, 6466, 6654, 6658
Ceramides, see Glycolipids; Sphingolipids
Cerebrosides
C: 3742
Chalcones
C: 1849
T: 6487
Chelates, See Coordination compounds
Chemotherapeutics
C: 6426
G: 81, 5195
T: 1076, 2764, 2777, 4346
Chloramphenicol and related compounds
C: 600, 614, 2164, 4111, 4112, 4115,
4117, 5468, 6190
P: 782
T: 782, 1013, 2694, 2701
Chloroplast pigments
C: 630-632, 2209, 2210, 2214-2216,
4150, 4160
E: 1251, 3002, 3003
T: 1047, 2741, 2743, 4602 - 4605,
4608 - 4610
Choleretics
C: 697, 2283
Choline and related compounds
c: 577, 3837, 4082, 5728, 5732, 5814
G: 3494
T: 937, 938, 944, 1062, 2624, 6698
Cholinergic and cholinergic blocking
substances
C: 695, 2113, 2273, 4049, 4209, 4229
1r: 1062, 1071, 4621, 4642
Chromium, 8ee Cations, inorganic,
analytical group III
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Chromones T: B6l, 863, 881, 888, 906, 907, 914,
G: 97 952; 955, 996, 2557, 2570, 2578,
Chromoproteins and metalloproteins 2577, 2579, 2582, 2595, 2600, 2626,
C: 459-465, 2020-2029, 3919, 3930- 2627, 4401, 4419, 4420, 4423, 4428,
3939, 5952, 5975 -~5991, 5995 4436, 4440, 4445, 4451, 4485, 4493,
E: 1158, 1274 - 1282, 2835, 2923~ 2927, 6518, 6533, 6535, 6537, 6539, 6540,
4706, 4801 - 4805, 6901 - 6909 6550, 6553, 6590, 6591, 6595~ 6597,
—, structural studies 6708
C: 3894, 3895 —, reviews and books
E: 1207, 2864 C: 1998, 2250, 2367 - 2370, 2372, 2373,
Cinchona alkaloids 2375, 2376, 3547, 3549, 5384, 5391,
C: 557, 638, 639, 6077 6378, 6380, 6381, 6384
T: 977, 989, 2670, 4528, 4621, 6621 E: 1142, 2810
Clinico-chemical applications Gz 2, b, 1621, 3032, 3196, 3388, 3390,
C: 234, 287, 294, 318, 329, 350, 353, 3415, 3422, 3435, 3477, 4877, 4878,
359, 36l, 365, 371, 374, 378= 380, 4880, 5171, 5223, 5243
388, 389, 396, 399, 408, 415, 419, T: 791, 2489, 2749
421, 430, 431, 462, 495, 562, 570, —, profiling body fluids
583, 584, 1901, 1903, 1904, 1913 - C: 242, 2286, 2371, 4275, 4277, 4279,
1915, 1924, 1936, 1938, 1941, 1945, 5612, 6373 -6377
1948 - 1950, 1953, 1962, 1977, 1986, E: 3010
2040, 2043, 2095, 2104, 2120, 2121, G: 3032, 3218, 3417, 3435, 3445, 5241
2144, 2153, 2154, 2163, 2374, 3683, —, —, review
3714, 3723, 3755, 3760, 3764, 3765, C: 2248
3767, 3780, 3781, 3809 ~3811, 3814, Coal analysis
3817, 3818, 3820, 3830, 3927, 4259, C: 1828, 4303
4274, 4276, 4278, 5491, 5737, 5740- E: 3020
5743, 5748 = 5750, 5781, 5754, 5757, G: 35, 39, 181, 183, 3133, 3148, 3301,
5758, 5776, 5790, 5791, 5819 - 5822 3466, 3496, 4985, 5285, 5291, 5365
E: 1189-1191, 1197 -1200, 1263, 1276, Coal tar and bitumen, hydrocarbons in
1278 - 1280, 1282, 1309, 1370 -1373, C: 1828, 1830, 5603
2850, 2851, 2901, 2906, 2907, 2909, G: 39, 181, 3133, 3496, 4985, 5291
2910, 2918, 2945, 2953, 3005, 3007, Cobalamins, see Vitamins, Bj, group
3009 - 3011, 4765, 4822, 4818, 4819, Cobalt, see Cations, inoxganic,
6861, 6873, 6877, 6883, 6937, 6938, analytical group III
6995 - 6998, 7000 Coccidiostatics
G: 47, 54-56, 64, 68, 72, 76, 78, 80, G= 1597, 3337, 5178
81, 84, 85, 90, 98, 120, 122-155, Colchicum alkaloids
173, 1455, 1465, 1480, 1496, 1497, C: 6079
1499, 1503, 1504, 1507 - 1512, 1514, T: 2653, 6620, 6626
1515, 1517, 1542, 1549, 1586, 1590, Contraceptives
1591, 1593 - 1596, 1598 - 1620, 1622, C: 371, 3774, 6233, 6240
1623, 3077 3111, 3129, 3157; 3172, see also Steroids
3186, 3187, 3189, 3191, 3195, 3199, Coordination compounds
3200, 3202, 3203, 3243, 3220, 3221, C: 579, 580, 2134, 2138- 2140, 4084-
3223~ 3225, 3228, 3234, 3235, 3248, 4087, 6118~ 6122, 6393
3249, 3252~ 3254, 3264, 3266, 3268- E: 1366, 6988- 6990
3270, 3273, 3276, 3277, 3285, 3286, G: 1393, 1529, 3053, 3306, 5109, 5114,
3305, 3311, 3364~ 3368, 3370~ 3389, 5115, 5131
3391 ~ 3399, 3401- 3414, 3416 - 3420, Copper, See Cations, inorganic,
3425, 3431, 3432, 3434, 3436- 3441, analytical group Ila
3444 - 3448, 3453, 3455, 3456, 3458, Coronar vasodilatants, See Vasodilatants
3469, 3490, 3513, 4970, 4972, 4989, Cosmetics
4990, 4993, 4998, 5027, 5034, 5035, G: 1527, 1641, 3240, 3261, 3485, 3492,
5049, 5054, 5057, 5059~ 5062, 5066- 3494, 5200
5068, 5075, 5078, 5087, 5090, 5095, —, reviews and books
5096, 5100, 5102, 5110, 5112, 5113, G: 6
5118, 5120, 5141, 5158, 5160- 5170, Coumarins
5172~ 5180, 5182, 5184- 5196, 5198~ C: 701, 1842
5201, 5203- 5206, 5208- 5210, 5212, G: 146, 3427, -5003
5213, 5215, 5227, 5228, 5232, 5234, P: 2447
5236, 5238, 5240 - 5242, 5244, 5246- T: 846, 2546- 2549, 4393, 4395, 4396,
5249, 5272 6459, 6499
P: 769, 786, 2454, 2457, 2857, 4330, Crude oil and petrochemical products
6430, 6440 analysis

G: 33, 172, 179, 186, t97, 1420, 1458,



B480

1463, 1466, 1493, 3060, 3130, 3131,
3144, 3145, 3148, 3150- 3152, 3155,
3217, 3300, 3301, 4915, 4992, 5107,
5114, 5303, 5305, 5335
Curare alkaloids
C: 556, 6074
T: 978
Cyanates, see Halides and other inorganic
halogen compounds
Cyanides, see¢ Halides and other inorganic
halogen compounds
Cytokinins
C: 6370
Cytostatics )

C: 652, 655, 656, 658, 678, 695, 709,
2281, 2313, 2352, 4092, 4105, 4198,
4206, 4208, 4241, 6241, 6269, 6293,
6296, 6304, 6318, 6323, 6333, 6335

G: 81, 1591, 1603, 3366, 3380, 5179

T: 1098, 2751, 2766, 2770, 4621, 4653,
6703

gee also Antitumor antibiotics

D

Desinficiens, see Antibacterials
Detergents, see Surfactants, emulsifiers
and detergents
Diagnostics
C: 4200
Diazines
G: 1535
Dioxins
G: 5005, 5328
Disulphides
C: 576
G: 1506, 3298, 3299
Diuretics
C: 643, 680, 695, 2113, 2273, 2282,
2285, 2322, 2324, 4207, 4215, 4238,
4242, 4246, 4263, 6244, 6295, 6311,
6326, 6328, 6331, 6337
G: 1602, 3286, 5199
T: 1067, 4621, 4651
DNA, techniques
C: 4039, 4040, 6042, 6067
E: 1161, 1348, 1358, 1360, 4677, 4686,
4857 - 4860, 6758, 6977
~—, chemically modified
Cr 552
E: 1357
—, applications, non-biological (Zn
vitro reactions)
C: 2109
E: 6978, 6982, 6983
—, —, microorganisms
C: 551
E: 1359, 1361, 2992, 2993, 4858, 4859,
4861, 6979, 6984
G: 3281
—, —, animal material
C: 2107, 2108, 6066
E: 6976, 6980, 6981

BIBLIOGRAPHY SECTION

—, —; struectural studies - %
C: 2111, 6050, 6068, 6069
E: 1362, 1364, 1365, 2994, 2995,
4863-4865
T: 4520
—, complex mixtures of DNA and RNA and
DNA~RNA hybride
C: 2110, 4041
E: 1364
Drug monitoring and pharmacokinetic
studies
C: 679~704, 2307-2351, 4053, 4111,
4225-4264, 5468, 5489, 5502, 5554,
6184, 6288-6357
G: 76, 77, 81, 120-122, 125-144, 146,
147, 151, 152, 154, 155, 1455, 1507,
1586, 1590, 1591, 1593 - 1596, 1598,
1600 ~ 1606, 1608, 1611- 1617, 1652,
3032, 3218, 3286, 3363, 3374, 3380-
3383, 3385- 3389, 3391- 3399, 3401-
3406, 3408 - 3414, 3416, 3418, 3425,
3436, 3448, 3453, 3455, 3456, 3458,
3490, 4970, 4972, 5158, 5160, 5165~
5168, 5170, 5172- 5180, 5182, 5184-
5196, 5198, 5199, 5201, 5203- 5206,
5208, 5228, 5244, 5247
P: 1091, 6448
T: 1089, 1091 - 1100, 2772, 2776- 2779,
4635, 4644, 4645, 4647 - 4656, 6704-
6706, 6709 -6712
—, reviews and boocks
C: 2367, 2368, 2372, 2375
G: 2, 5, 3388, 3390, 3415, 5171
T: 1054, 2775
Drugs, synthetic, see Pharmaceutical
applications and individual types of
compounds
Dyes, natural, gee Pigments, natural
—, synthetic
C: 4155
G: 3129, 5155, 5310
-, —, reviews
G: 1566
P: 6446
~—, —, theory and techniques
C: 627, 628, 3582
P: 783, 2466, 4316, 4317
T: 783, 809, 2466, 2485, 2737- 2739,
6476
—, —, applications, non-~biological
G: 108, 3256
T: 1039, 1041, 2736, 2740, 4600, 4601
—, —, —, biological
C: 318
see also Food dyes; Pharmaceutical
and cosmetic dyes; Textile dyes
(including bleaching agents)

E

Ecdysones and other hormones of steroid
nature
€y BT, 5778
T: 919, 2602, 6570
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Earth gas analysis
G: 4978, 4980
Elemental analysis
G: 4978, 4980
Enkephalins and endorphins
c: 439, 3880, 3882, 3886, 3890, 5909,
5911, 5914, 5934
T: 2640, 4507, 4508, 4512
Environmental analysis
C: 3608, 3675, 4309, 5707, 6392, 6402,
6418
G: 78, 103, 149, 173, 196, 197, 1465,
1469, 1533, 1550, 1557, 3065, 3122,
3315, 3316, 3318, 3322, 3323, 3325,
3326, 3338, 3339, 3341, 3342, 3513,
3539, 5121, 5123, 5126, 5128, 5131,
5136, 5138, 5139, 5146, 5278, 5280,
5320, 5322
T: 1141, 2808
—, reviews and books
C: 5375, 6419
G: 1664, 5321, 5368
T: 2489, 2808, 2809
see also Air pollution; Soil pollution;
Water pollution and water analysis
Enzymes
C: 473-485, 2050-2089, 3955-4014,
5996-6033
E: 1305- 1347, 2955~ 2984, 4821 - 4650,
6943 - 6972
G: 95, 1542, 3282 - 3284, 5096, 5097
T: 2645, 4515
—, reviews and books
C: 2050, 2053, 2054
E: 1142
—, general techniques
C: 2051, 2052, 2055, 3628, 3955, 5996,
5997
E: 1219, 1305, 4747, 6944
T: 2645
—, activity measurement
C: 3862
G: 1542, 5283
T: 6731
—, complex mixtures and uncompletely
defined enzymes
Cc: 539, 2085- 2089, 3898, 3960, 4014,
5560, 6003
E: 1344, 1346, 1347, 2983, 2984, 6970-
6972
Ephedra alkaloids
Cc: 560, 6071
G: 141
P: 4335
T: 2655, 2656, 4523
Epoxides
C: 5604
G: 168, 182
Epoxy resins
€z 2229, 2242, 6227
G: 115, 1640
T: 2746
Ergot alkaloids
C: 2115, 4042, 4044
T: 979, 985, 2663, 2666, 4621, 6714

B481

Essential oils
C: 2365, 5784 - 5786, 6097
G: 21, 1520-1522, 1525, 3096, 3238,
3240, 3242, 3261, 3262, 5070
T: 927 - 929, 1103, 2613, 4471, 4474,
4475, 6577, 6580
Ethers, aliphatic
G: 23, 175, 192, 1438, 3046, 3055,
3167, 3526, 5330, 5366
T: 850
—, cyclic
c: 303
G: 1430, 1568, 3478, 3479, 4918, 5068,
5084
Exhaust gases, See Air pollution;
Environmental analysis
Explosives
G: 5279
T: 2805, 6581

FT

Ferrocenes
T: 2687, 4372, 6642
Flavins, see Vitamins, B, and other
flavins
Flavonoids and other y-pyrone derivatives
C: 1835, 1836, 1841, 3652 - 3657, 3659,
3796, 5616 - 5621
G: 3162
P: 4319
T: 748, 840- 842, 2537 - 2540, 2785,
4379 - 4384, 6485- 6489
Flavours, volatiles, odours
G: 6, 12, 1505, 1650, 1659, 3030, 3096,
3206, 3239, 3242- 3244, 3485, 3492,
3499, 3525, 4881, 4901, 4914, 4937,
4969, 5008, 5047, 5048, 5217, 5221,
5223, 5276, 5287, 5299, 5301, 5309,
5396, 5371
Folic acids and other pteridine deriva-
tives
C: 585, 588, 2145, 2149, 4090, 4092,
4095, 6128, 6133, 6148
Food analysis
C: 1728, 2426 ~ 2428, 3634, 3648
G: 12, 22, 24, 45, 46, 50, 58, 62, 78,
103 - 105, 107, 156, 170, 1404, 1411,
1459, 1461, 1479, 1485, 1487, 1489,
1491, 1494, 1500, 1501, 1537, 1549,
1551, 1557, 1559, 1561, 1563, 1564,
1597, 1630, 1633, 1639, 1644, 1650,
3035, 3081, 3102, 3111, 3162, 3163,
3165, 3175, 3178, 3197, 3205, 3206,
3209, 3210, 3213, 3215, 3216, 3229,
3239, 3241, 3244, 3245, 3275, 3291,
3315, 3320, 3322, 3323, 3325, 3326,
3328, 3329, 3335- 3338, 3342, 3377,
3427, 3429, 3430, 3462, 3474, 3483,
3484, 3486, 3489, 3492, 3495, 3500,
3511, 4914, 4937, 4974, 4997, 5001,
5003, 5006, 5008, 5026, 5037, 5047,
5048, 5050, 5068, 5073, 5077, 51t2,
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5113, 5121, 5123, 5126 ~ 5129, 5131,
5132, 5136, 5138, 5139, 5216 -5218,
5221, 5225, 5250, 5269, 5276~ 5278,
5280, 5287, 5291, 5299, 5301, 5309,
5320
—, reviews
c: 1677, 1697, 3542, 3543, 3550
G: 1, 3, 4, 1637
see also Antioxidants and preserva-
tives; Medical feeds; and analysis
of main food constituents
Food dyes
C: 628, 4151- 4154, 4156, 6214
T: 1040, 1043
Free radicals
C: 310, 4304

Fungicides
C: 620-622, 2201, 4070, 4144~ 414e6,
6209, 6210
G: 1592, 3322, 3334- 3336, 3343, 3375,
5139

T: 2732, 4584, 4592, 6673, 6675
Furans
Cc: 307, 1843, 2195, 3668
G: 178, 3346, 4936, 5039, 5242, 5292,
5328

G

Gallium, see Cations, inorganic,
analytical group III
Gangliosides
C: 1893, 1894
G: 1488 .
T: 895, 897, 900, 2572, 2575, 2578,
2590, 6535
Gases
G: 11, 32, 159, 189, 3477, 3525, 5254
see also individual gases
Gibberellins
c: 1873, 3721
G: 3081
Glycerides, simple
Cc: 351, 355, 3726, 3737, 3739
E: 1188
G: 58, 60, 62, 74, 1500, 1502, 1647,
3205, 3207, 3210, 3215, 3216, 3497
898, 902, 903, 2574, 2577, 2583,
2584, 4418, 4423, 4424, 4429, 4430,
6530, 6532, 6539, 6543
Glycolipids
C: 3741, 3749
G: 1488, 3212
T: 884, 901, 2568, 2573, 2585, 4416,
4425, 6529, 6535, 6550, 6552, 6553
see also Phospholipids; Sphingolipids
Glycols and polyols
C: 294, 328, 3641, 3643, 3680, 5522,
5605, 5606, 5608, 6227
G: 47, 1447, 1473, 1475, 1668, 3446,
3503, 4994, 5072, 5144, 5152, 5215,
5236, 5302, 5358
r: 830, 2526, 6689

T

BIBLIOGRAPHY SECTION

Glycoproteins and glycopeptides
—, techniques
C: 3594, 3698, 5677, 5682
G: 49
—, applications, microorganisms
C: 334, 341, 3697, 3879
—, —, plants
C: 333, 344
E: 2839
—, —, animal material
C: 337- 340, 342, 343, 1860, 1861,
3682, 3696, 3702, 3710, 5671, 5676
E: 1179, 1182, 1184, 1185, 1225, 1229;
1304, 2842, 2846- 2848, 4711, 4712,
6798 - 6800, 6802, 6803
G: 3170
-, —, —, structure investigation
P: 758
T: 758
Glycosaminoglycans (including proteo=-
glycans from connective tissue)
C: 231, 1863, 1864, 1866, 1869, 3694,
3703, 3706, 3708, 5670, 5673, 5678,
5679
E: 1177, 1178, 1183, 2840, 2841, 2843,
2845, 4710, 4717, 6801, 6804, 6805
G: 3426, 3467
T: 2561, 6515, 6516
~—; structure investigation
C: 3684
T: 2553
see also Carbohydrates, derivatives,
amino sugars
Gold, see Platinum metals and gold
Growth factors, various
G: 1506, 1588
T: 4559, 6567
Guanidine and guanidine derivatives
Cc: 1956, 3832, 3836, 5799, 5801
G: 5238
Ty ‘952, 2817, 2627

H

Haemaglutinnins and blood group
determining substances
C: 3705, 5665, 5675
—, structure investigation
C: 432
E: 2874
see also Lectins
Halides and other inorganic halogen-
containing compounds
C: 2409, 2410, 4293, 4295, 4311, 6396
G: 164, 1632, 3066, 3468, 3519, 4902,
5251, 5315
P: 2479, 2480
Ty 1129, 1140; 2793; 6730
Hallucinogens (including Cannabis
constituents)
C: 638, 6237, 6238, 6364
G: 2, 69, 76, 77, 135, 146, 3419,
5172, 5186, 5313
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P: 6448
T: 1064, 4621, 4623, 4632, 6690, 6705-
6707, 6714

Halogen derivatives of hydrocarbons,

B483

E: 1368
T: 1064

Hydrazines, hydrazides and hydrazones
C: 5844

see Hydrocarbons, halogen derivatives P: 765
Halogens T: 1060, 2757
G: 3474, 5269, 5332 Hydrides
Herbicides G: 30
C: 2198, 2199, 4138 -4143, 4149, 6203, Hydrocarbons
6207, 6208 C: 290-293, 1821 ~ 1830, 3640, 5584 -
G: 3428, 5138 5603
T: 10, 33, 1035, 2727, 2729- 2731, G: 33- 39, 1451~ 1471, 3130- 3152,
4584, 4585, 4588, 4590, 4591 4980 ~ 4992
—, carboxylic acids, anilides and T: 827 -829, 2522- 2525, 4371~ 4374,
related compounds 6478 ~ 6480

G: 3312, 3332, 3341
T: 1031, 1034

—, triazine derivatives

C: 623, 6202, 6205

—, reviews
G: 1664, 3060

—, theory and general techniques
C: 1710

G: 1564, 1565, 3330, 3335, 3339, 5132 G: 27, 34, 1387, 1388, 1395, 1410,
T: 2728 1412 - 1414, 1418, 1421, 1425, 1429,
—, urea derivatives 1434, 1438, 1442, 1446, 1452, 1467,
C: 227, 6204 3046, 3082, 3089, 3090, 3095, 3096,
G: 102, 1551, 3534, 5134 3102, 3130, 4891, 4895, 4899, 4919,
T: 1032, 2725, 4589, 4591 4923, 4933, 4945, 4951, 4952, 4962,
Heterocyclics, nitrogen 4963, 4980
C: 3601, 4205 T: 797, 6460
G: 15, 3047 —, aliphatic
T: 999, 2673, 2675, 2677 Cc: 1710, 5584, 5608
see also individual groups of nitrogen- G: 23, 24, 27, 32, 96, 109, 112, 114,
containing heterocyclics 158, 165, 171, 176, 183, 197, 200,
—, oxygen 1380, 1383, 1387, 1395, 1425, 1438,
C: 5634 1442, 1446, 1452, 1453, 1455, 1456,
P: 749, 750 1459, 1599, 1624, 1638, 1654, 1660,
T: 799, 847, 998, 6498 3048, 3049, 3056, 3060, 3063, 3086,
see also individual groups of oxygen- 3090, 3095, 3130- 3132, 3147, 3148,
containing heterocyclics 3151, 3152, 3158, 3167, 3211, 3346,
—, sulphur, see also Sulphur compounds 3430, 3452, 3457, 3504, 4893, 4899,
containing heterocyclic sulphur 4900, 4913, 4919, 4922, 4933, 4945,
Histamine and related compounds 4952, 4955, 4963, 4981, 4982, 4984,
c: 2127, 2129, 3806, 4071, 5804 - 5806, 4986, 5048, 5150, 5151, 5239, 5242,
6103 5253, 5258, 5261, 5270, 5275, 5278,
E: 2996 5327, 5343, 5366
P: 6444 T: 2522, 2580, 6738
T: 948, 2517, 2677, 4346, 4487, 4490, —, cyclic
4547, 4548, 6444, 6634 c: 276, 290- 293, 360, 1710, 1768,
Hormones, peptidic and proteinous 1780, 1787, 1821, 1823~ 1827, 3574,
(including synthetic analogues) 3593, 3595, 3599, 3601, 3602, 3633-
C: 433, 1981, 1983, 1989, 3887, 5906, 3639, 5424, 5429, 5452, 5482, 5495,
5923, 5925 5523, 5533, 5585- 5599
G: 155 E: 1176
T: 961, 2639 G: 18, 22, 23, 29, 34, 35, 110, 145,
—, general techniques 172, 180, 197, 198, 1387, 1388,
C: 3892, 5904, 5927 1413, 1421, 1434, 1438, 1442, 1450,
G: 149, 3081, 3221, 3223, 3235, 3248 1453, 1457, 1458, 1460, 1461, 1463-
—, structural studies 1467, 1569, 1575, 1638, 1643, 1646,
G: 92 1653, 1655, 1661, 1662, 1664, 3028,
P: 4331 3047 - 3049, 3052, 3057, 3082, 3096,
T: 6607 3102, 3134, 3144, 3145, 3148, 3151,
—, synthetic analogues 3152, 3161, 3167, 3211, 3300, 3301,
Cc: 3889, 5907, 5908, 5917, 5918 3344, 3345, 3358, 3436, 3441, 3491,
P: 4328, 4329 3506, 3518, 3529, 4921, 4933, 4945,
T: 956, 957, 959, 964 4948, 4951, 4953, 4963, 4967, 4983~
Humic acids 4985, 5107, 5150, 5221, 5242, 5270,

C: 2213, 4159
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5276, 5280, 5303, 5307, 5322, 5326,
5327, 5339, 5344, 5353, 5361, 5365,
5373

T: 827 -829, 1138, 2523 - 2525, 4371 -
4374, 6478 -6480, 6738

—, halogen derivatives

c: 1787, 3599, 5600

G: 23, 36, 38, 182, 191, 195, 196,
1411, 1414, 1419, 1425, 1438, 1450,
1468 ~ 1471, 1558, 1559, 1628, 1656,
1665, 1668, 1669, 3049, 3057, 3101,
3137, 3139~ 3143, 3148, 3154, 3263,
3307, 3313- 3316, 3318, 3333, 3346,
3513, 3517, 3519, 3522, 3523, 3525,
3530, 3535, 3536, 4941, 4953, 4987-
4991, 5042, 5075, 5120, 5121, 5123,
5125, 5146, 5151, 5212, 5221, 5268,
5269, 5270, 5275, 5280, 5286, 5307,
5322, 5324, 5326, 5328, 5334, 5335,
5351, 5353, 5362

Tz 2525

see also Biphenyl and derivatives;

Pesticides, chlorinated

—, complex mixtures

C: 737, 2438, 5601, 5602

G: 13, 35, 39, 168, 172, 179, 186,
1666, 3049, 3058, 3507, 3525, 4917,
4933, 4992, 5303, 5345, 5350, 5359

—, in cigarette smoke

G: 4971

Hydrogen

G: 32, 157, 158, 160, 161, 163, 165,
183, 1407, 1418, 1449, 1629, 3063,
3067, 3457, 4883, 4913, 4924, 4955,
4978, 5225, 5257 - 5259, 5264, 5270,
5275

Hydrolases
—, acting on ester bonds (E.C, 3.1.-.-)

C: 489, 504- 507, 509, 510, 2071 - 2073,
3978~ 3982, 3900, 6016, 6018

E: 1318, 1325, 1326, 2969- 2971, 4837-
4842, 6787, 6952 - 6960, 6972

—, =, structure studies
G: 95
-, acting on glycosyl compounds (E.C.

i B B

C: 511~ 519, 2074, 2253, 3983- 3987,
5402, 6019~ 6022, 6030

E: 1327-1332, 2972, 4832, 4843- 4845,
6767, 6961 - 6963

—, —, structure studies
C: 5514, 5914

—, acting on ether bonds (E.C. 3.3.-.-)
E: 6968

—, acting on peptide bonds (E.C.

3.4.-.7)

C: 469, 520, 522, 524- 532, 540, 2076,
2077, 2079, 2081, 3921, 3988, 3989,
3991 - 4006, 6017, 6023

E: 1333- 1341, 2935, 2974- 2977, 4646,
4846, 4847, 4849, 6964 - 6967, 6969

—, =—, structure studies

E: 2868, 2873

Tz 953

BIBLTIOGRAPHY SECTION

—, acting on C-N bonds other than
peptide bonds (E.C. 3.5.-.-)
C: 2080, 4008, 6025
E: 2978
G: 5097
—, acting on acid anhydride bonds
(E.C. 3.6,-.-)
C: 523, 533, 4007
E: 4848, 6972
—, —, structure studies
E: 2872, 4741, 4742
—, uncempletely identified
c: 508, 521, 2078, 4009
Hydroxylamines
G: 3084
Hypnotics, see Barbiturates; Sedatives,
hypnotics and narcotics
Hypolipidemic agents
C: 676, 2166, 4181, 6299, 6330
Hypotensives
C: 645, 654, 686, 689, 2272, 2293,
2306, 2318, 2347, 4199, 4239, 4252,
6249, 6276
G: 1589, 3032, 3367, 3395, 3404
T: 1062, 1077, 2565, 2757, 2771, 2772,
4620, 4621, 4644, 4647, 4654, 4655,
6704

I

Imidazoles
C: 1955, 2128, 4073
G: 104, 3053, 3295, 3484, 5227, 5287
P: 6444
T: 948, 2517, 2677, 4346, 4487, 4490,
4547, 4548, 6444, 6634
Immunosupressives
C: 2349
Indole alkaloids
Cc: 561, 2118, 4056, 6072, 6083
T: 2660, 4532, 4621, 6625
Indoles
-, techniques
C: 566~ 570
G: 3292, 4945
T: 2625
—, applications
C: 2122- 2125, 3601, 4058 - 4066, 6090,
6096 - 6098
G: 1523, 3325, 5100- 5102, 5371
T: 948, 994- 996, 2671, 2672, 2797,
4541, 6591
Inhibitors of enzymic activity
C: 448, 467, 2030, 2045, 3907, 3920,
5958
E: 4764
~, non-proteinous
C: 2194
Inks
G: 3076
T: 1042, 6682
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Inorganic compounds

—, reviews and books
Cy 2391
G: 1417, 5323
T: 1115, 1118
—, theory and systematic analysis
C. 2388, 5470
G: 1396
Ta 1118, 2793
see also Anions, inorganic; Cations,

inorganic; individual types of anions
and cations
Insulin and analogues

C: 5914, 5930, 5932
T: 6601

Iridoid glucosides
T: 1107

Iron, see Cations, inorganic, analytical
group II

Isomerases
C: 4011, 4012
E: 2981

—, structure studies
E: 4743

J

Juvenile hormones
T: 4594

K

Ketones, see Oxo compounds

L

Laxatives
G: 140
T: 2780

Lead, see Cations, inorganic, analytical
group I and IIa

Lectins
C: 3695, 3705, 3707, 3712, 5570, 5668,
5925

E: 2844, 4713, 4716
see also Glycoproteins and glycopeptides
in plants; Polysaccharides
Ligases
, forming C-0 bonds
©y 537
, forming C-S bonds (E.C.6.2.-.-)
C: 538

(E.CiB.1l.=0)

—-, forming C~N bonds (E.C.6.3.-.-)
C: 2083, 2084
E: 2982, 4850

—, other (including E.C.6.5.-.-)

C: 2082, 4013
Lignin compounds
C: 2419, 3676

B485
T: 851
Lipids
C: 354-358, 1891-1895, 3734, 3756, 5722-
5733
E: 1187, 1188, 2850, 2851, 6807, 6808
G: 57-66, 1500-1506, 3202-3216, 5043-
5055
pP: 760
T: 879-904, 2566-2590, 4416-4437, 6527-
6553
—, reviews and bocks
G: 3214
T: 867, 2581, 4420
—, general techniques
C: 245, 3743, 5725
G: 60, 63, 1515, 1516, 3211, 3217
P: 760
T: 887, 890, 899, 901, 903, 2567, 2574,

2584, 4356, 4418, 4421, 4424, 6474,
6525, 6530, 6538, 6544, 6549
—, —, group separation
C: 1895
T: 25586, 2583, 6532, 6539
—, applications, non-biological
C: 3744, 5701, 5702

G: 1575

T: 4431, 4432, 6528, 6536
—, —, microorganisms

G: 59, 3204

T: 894, 896, 2585, 2588
—, —, plants

C: 5709, 5726

G: 1, 57, 1505

T: 1045, 2580, 4424, 4435, 6547, 6552
—, —, blood

Cc: 5727

E: 1187

G: 1515

T: 885, 2576, 2578, 4423, 6527, 6533,
6537, 6539, 6541, 6545, 6553
F , brain and nerve tissues
C: 3741, 3746, 3747
T: 883, 891, 895, 900, 2572, 2578, 2590,
4427
—, —, milk and food products
C: 3736, 5724, 5726
G: 1, 5277
T: 882, 892, 893, 899, 902, 4418, 6531,
6542, 6543, 6552
, —, other animal material
E: 6807, 6808

G: 61, 1504, 3208, 5055
T: 889, 901, 2571, 4430, 4433, 6529,
6535, 6546, 6550
see also individual categories of lipids
Lipoproteins
—, reviews
C: 3756

—, techniques
E: 4701, 6811, 6814, 6817, 6818
T: 6554
—, applications, in bioclogical material

C: 358, 455, 1896-1899, 3752-3755, 5730,
5734, 5735, 5763
E: 1187, 1189-1200, 1258, 1371, 2850-

2853, 4721-4731, 4784
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Local anaesthetics, see Anaesthetics
Lubricants
G: 1423, 1642, 5288
Lyases
—p £5C (BiC.4.1i~u=)
C: 534, 2088
. G: 5096
—y €0 (B.C.4.2.—w—)
C: 4010
E: 2979, 2980
—y =N [(B.Cy4;3.~:=]

c= 536, 2085
—, other
cz 535; 6032

E: 1342, 1343

M

Macrocyclic antibiotics
C: 6174
T: 1014, 4565-4567, 4574, 4576, 4579,
4580, 6656, 6662, 6665
Macrolides, see Macrocyclic antibiotics
Magnesium, see Alkaline earths
Manganese, see Cations, inorganic,
analytical ‘group II
Medicated feeds
C: 3772, 4178, 4179, 4193

T: 1069
Melamines
Gz 1577

Mercury, see Cations, inorganic, ana-
lytical groups I and IIa
Metal carbonyls
C: 2137
G: 1552
Mineral oils, hydrocarbons
C: 1829, 2425, 3640
G: 33, 176
T: 4372
Mitogens
C: 2437
G: 156, 3267
Molybdenum, see Cations, inorganic,
analytical group IIb
Mycolic acids
G: 3194
Mycotoxins
C: 305, 306, 1837, 1839, 3658, 3661,
3664, 3665, 5622, 5623, 5626, 5629
T: 843, 2544, 2545, 4386, 4388, 6492,
6494, 6496
see also Aflatoxins

N

Narcotic antagonists
G: 3448, 5176

Narcotics, see Sedatives, hypnotics and
narcotics

Neuromuscular blocking agents

BIBLIOGRAPHY SECTION

C:2295
T: 4621
Nickel, see Cations, inorganic, analytical
group IIT
Nicotinic acid and derivatives
P: 2467
T: 4563, 4564, 4638

Niobium, see Cations, inorganic, analytical

group III
Nitriles .

G: 15, 113, 194, 1447, 1533, 1571, 1577,
3346, 3349, 3358, 3366, 3451, 4897,
4936, 5017, 5337, 5349, 5355

Nitro compounds

C: 226, 299, 394, 1710, 1728, 1882, 1927-

1929, 3638, 5420, 5452, 5487, 5788,
5792, 5794-5796, 6209, 6210
G: 3246, 3247, 3320, 3521, 3527, 3529,
4953, 5072, 5250, 5279, 5342
P: 764, 4318, 4325, 6433, 6434
T: 764, 866, 880, 931-933, 2614, 2619,
2729, 4376, 4476, 4477, 6433, 6435,
6581-6583
Nitrogen
G: 158-160, 163, 183, 1407, 1418, 1449,
1624, 1626, 3063, 3452, 3457, 3460,
3471, 4898, 4913, 4955, 4978, 5258,
5260, 5261, 5264, 5270, 5275
Nitrogen compounds, inorganic
C: 2410, 4291, 4296, 6396, 6402, 6403
P: 2479, 2480
T: 6730
Nitrogen oxides
G: 158, 1613, 3066, 3470, 3472, 5258,
5261, 5263, 5264
Nitrosamines
C: 1958, 1960, 2424, 5790, 5846
G: 79, 1526, 1527, 3084, 3245, 3537,
5073, 5322
T: 2622, 4477, 6589
Nitroso compounds
cz 1927, 3798, 3800, 5788, 5789, 5791,
5793
G: 1623
T: 2622, 4479, 4492
Noble gases
G: 158, 160, 1407, 1417, 1421, 1599,
1624-1626, 3452, 3460, 4955, 5253,
5255, 5258, 5260, 5270
Noble metals, See Platinum metals and
gold
Nucleic acids, see DNA; RNA
Nucleosides, 8ee Purines, pyrimidines,
nucleosides, nucleotides
Nucleotides, see Purines, pyrimidines,
nucleosides, nucleotides

O

Oestrogens
—, technique and theory
C: 1912, 3782-3784, 5753, 5756, 5759,
5760
T: 4356, 4446, 4447, 6561
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—, applications, non-biological
T: 1082, 4441
—, —, biological

’

Cc: 361, 378-380, 1905, 1906, 1913-
1915, 2331, 3780, 3781, 5754, 5755,
5757, 5758

E: 2854

G: 1510, 1514, 3223, 3225, 5141

P: 4324

T: 915, 916, 2597, 4324, 6557

0il additives
E: 1366

Oligo- and polynucleotides
C: 555, 2091, 2099, 6039, 6042
E: 1351, 1352, 1363, 2988
P: 774, 4334
T: 2646, 6617
Oligosaccharides
c: 317, 319, 322-325, 329, 330, 1868,
3682, 3686-3688, 3692, 3711, 5449,
5656, 5662, 5667
E: 1177, 1186
G: 1483, 1487, 3170, 3172, 3173, 3175,
3176, 3181, 3483, 3484, 5016
p: 756, 757
T: 861, 2561, 6514
Opium alkaloids
C: 318, 546, 638, 639, 706, 2114,
2117, 4045, 4046, 4054, 6070,
6085, 6087
G: 2, 69, 76, 77, 135, 146, 3294,
3394, 3425, 5172, 5176, 5186, 5210
T: 989, 2654, 2665, 2668, 4368, 4524,
4528, 4531, 4533, 4534, 4536, 4537,
4621, 4629, 4630, 6714
Organoleptically important compounds
C: 2426, 6409, 6410
—, review
C: 5388
Organometallic compounds
C: 2135 (review), 2404, 6117, 6118
G: 30, 99, 173, 3305, 3308, 5110, 5320
T: 1007, 1008, 4595, 6631
see also Coordination compounds; Metal
carbonyls; Porphyrins and metal-
loporphyrins; Tin, organic; Mercury,
organo-compounds
Oxazines
T: 1000
Oxazoles and isoxazol
C: 6278
T: 1060, 2674
Oxazolines
T: 874, 4455
Oxidoreductases
—, acting on the C-OH group of donors
(E.C.1.1.-.-)
c: 473, 477, 481, 482, 2056, 2058-2061,
2088, 3961, 5443, 5998, 6006
E: 1306, 1309, 2955, 2956, 2960, 2961,
2984, 4822, 4824, 4825, 6944, 6945
-y — Strugture studies
P: 772
T: 772, 4515
—, acting on aldehyde or keto group of
donors, (E.C.1.2.-.-)
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C: 476, 3957, 6001, 6003
E: 1310, 6943
—, acting on CH-OH group of donors (E.C.
1.3.-.-)
C: 6007
—, acting on the C-NH; group of donors
(E.C.1.4.~.-)
Cs: 2059
G: 3283
—, acting on C-NH group of donors (E.C.
145 o=e=)
C: 478, 3958
By 2959
—, acting on reduced NAD or NADP as d
donor (E.C.1.6.-.-)
¢: 483, 3893, 3956, 6002
E: 2958
—, acting on a sulphur group of donors
(BoCulBu= o=}
C: 475, 479
—, acting on a haem group, of donors
(By€ 18 smu=)
E: 1308, 2957
—, acting on diphenols and related
substances as donors (E.C.1.10.-.-)
C: 485, 2062
E: 1307
—, acting on hydrogen peroxide as ac-
ceptor (E.C.1.11.-.-)
C: 484, 2075
E: 1311, 4821, 4827
—, acting on single donors with incorpo-
ration of oxygen (oxygenases) (E.C.
1,418 emg=)
C: 6032
E: 6946
G: 3282
—, acting on paired donors with incor-
poration of molecular oxygen (hydroxy-
lases) (E.C.1.14.-.-)
C: 2063, 2085, 3959, 3962, 5999, 6000,
6004, 6005, 6007 '
E: 4828
—, acting on superoxide radicals as ac-
ceptor (E.C.1.15.-.-)
C: 480, 2057
—, other and uncompletely identified
oxidoreductases
C: 474
Oximes
T: 931
Oxo compounds
—, general techniques
C: 310-312, 316, 5643, 5644
G: 1418, 3046, 4893
—, aliphatic aldehydes and ketones
Cc: 315, 1846-1848, 3673, 3675, 5635,
5637-5639, 5642
G: 23, 24, 41, 109, 175, 177, 200,
1399, 1418, 1438, 1447, 1482, 1520,
1630, 1633, 1634, 1658, 1662, 1671,
1672, 3057, 3145-3147, 3165, 3166,
3180, 3211, 3346, 3493, 3531, 4921,
4948, 4953, 5008, 5009, 5033, 5047,
5221, 5242, 5276, 5278, 5286, 5287,
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5290,
5324,
T: 2550,
; -oydlie
c: 309,
3674,
G: 1472,
3166,

5296, 5297,
5327, 5341, 5353, 5354, 5366
6504, 6508

aldehydes and ketones
313, 1847, 1848, 3670, 3672,
3677, 4071, 5636, 5645, 5646
1481, 1520, 1668, 3145-3147,
3168, 3211, 3241, 3493,
4948, 4953, 5008, 5042,
5299, 5302
4375, 4400,
6508, 6716

T: 1060, 4471, 6482,

Oxygen

P

Pa

G: 158,
1421,
1627,
3465,
5259, 5260, 5270

160, 163, 183,
1449, 1599,
3063, 3077,

1390, 1407,
1613, 1624,
3125, 3452,

nthotenic acid and coenzyme A
C: 545, 2155, 6037
T: 4563, 4564, 6644

Papaveraceae alkaloids (excluding opium

alkaloids)
C: 2116, 4050
P: 988

T: 987, 988, 2651, 2658, 4535

Penicillins

C: 606, 2171, 2175, 2179-2181, 2184-
2187, 2296, 4108, 4110, 4124-2126,
5423, 5689, 6162, 6165-6167, 6171,
6175, 6178, 6179, 6181, 6184, 6193
2998, 3001, 4869, 6992, 6993

1649, 5216

2465
T: 2696,

L a i o]

2716, 4571, 4572, 4621

Peptide (and amino acid) antibiotics

c: 597, 615, 6164, 6169, 6173
T: 1020, 2713, 4577, 4578
Peptides
C: 432-440, 1981-1990, 3871-3892,
5904, 5934
E: 1205, 1206, 2856-2858, 4732-4743,
6819
G: 92-94, 3278-3279
P: 769-771, 2458, 2459, 4328-4331,
6439, 6440
T: 956-965, 2638-2643, 4507-4513, 6600-
6611
—, reviews and books
G: 3280
T: 2641
—, techniques

C: 274, 413, 419, 432, 435, 438, 442-
444, 3876, 3877, 3884, 3885, 5427,
5870, 5896, 5910, 5912,
5921, 5922, 5928, 5931
1173, 1206, 1215, 2857, 4733, 4748
93, 94, 3278

2459

950, 960-962, 6608

H Y a m

5314, 5316, 5317,

3506,
5221,

6502,

1626,
3457,
3486, 4898, 4913, 4955, 5258,

5914, 5915,

E:

’
G:

'

BIBLIOGRAPHY SECTION

—, dansyl derivatives

: 2639

—, fluorescamine derivatives
1173
structure studies

92-94, 1540, 1541, 3280, 5094
applications, non-biological

C: 3873, 3874, 3882, 3888, 5538, 5913
P: 2458, 6439
T: 2643, 45-4509, 4511-4513, 6592, 6602,
6603, 6605, 6606, 6609-6611
-, —, microorganisms
E: 6819
G: 3281
P: 771, 2642
T: 771, 2642, 6600
—, —, animal material
C: 1967, 1986, 1988, 1990, 3891, 5886,
5916, 5920
E: 1205
G: 5
P: 769, 770, 4330, 6440
T: 770, 958, 963, 965, 4510, 6604
—, —, food products
C: 418
—, —, metal complexes
C: 3883
Peroxides
C: 360, 3757
G: 1630, 3506, 5052, 5239
T: 4662
Pesticides
C: 616-626, 2188-2208, 4127-4156, 6194-
6213
G: 100-107, 1557-1565, 3312-3343, 5120-
5141
T: 1025-1037, 2718-2735, 4584-4586,

6669-6681

—, reviews and books

C: 2188, 2189
G: 3028, 3334, 5122
T: 2718, 2720, 4586
-, techniques and complex mixtures
C: 616, 2200, 3607, 4127, 5379
G: 1450, 3533, 4892
T: 4584, 4585
—, carbamate
C: 618, 619, 2195-2197, 4134-4137, 4143,
6200, 6201, 6423
G: 101, 103, 107, 185, 1528, 3323,
3326, 3328, 3329, 3502, 5127, 5131
T: 1032, 2725, 2726, 4585, 6672-6674
—, chlorinated
C: 617, 2190-2192, 4128, 4130, 5468,
6194-6197
G: 21, 78, 100, 196, 1557-1560, 1562,
3313-3315, 3318, 3324, 3325, 3375,
3462, 5095, 5121, 5123, 5125, 5127,
5351 5352 5370
T: 1025-1029, 2719-2722, 2732, 4584,
4585, 4587

—, phosphorus

C:

2193, 2194, 4081, 4131-4133, 5468,
6198, 6199
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G: 1561, 1563, 1667, 1673, 3319, 3333,
5126-5129, 5352
T: 1030, 1037, 2722-2724, 4584, 4585,
6669-6672
see also Agrochemicals; Biphenyl and
derivatives; Fungicides; Herbicides;
Pyrethrins
Petroleum hydrocarbons, Sege Hydrocarbons
Pharmaceutical applications
C: 638-704, 2248-2360, 4173-4264, 6233-
6357
E: 1369, 6994
G: 120-144, 154, 1582-1608, 3363-3416,
5157-5206
P: 2467, 4341, 6447, 6448
T: 1053-1100, 2749-2781, 4613-4656,
6690-6752
—, reviews and books
C: 640, 2248, 2250
E: 3006
G: 2, 149, 1587, 1588, 1607, 1621,
3368, 3388, 3390, 3415, 4877, 5171
T: 825, 1054, 2749, 4612
—, synthetic drugs, general techniques
and theory
C: 638, 639, 646, 2249, 2251, 2286,
5579, 6248, 6254, 6284, 6321
E: 1369, 2812, 3008, 6994
G: 1463, 1627, 3046
T: 1053, 2498, 2499, 4351, 4356-4358,
6468
—, —, systematic analysis and screening
programs
C: 647, 707
T: 2781, 4621
—, —, complex mixtures
C: 2284
G: 3218
-, —, auxiliary compounds (excipients)
Gz 735
T: 1137, 2526, 2759, 4643, 6472
see also Alkaloids; Drug monitoring
and pharmacokinetic studies; Plant
extracts; Toxicological applications;
individual groups of drugs and al-
kaloids
Pharmaceutical and cosmetic dyes
C: 2420
P: 6446
Pharmacokinetic studies, see Drug moni-
toring and pharmacokinetic studies
Phenanthridines
C: 6090
T: 4546
Phenols
—, reviews
G: 5000
—, theory
as g1S
P: 748
T: 748, 797, 2530, 4349, 4378, 6460
—, techniques
C: 247, 296, 298, 299, 301, 3605,
3608, 3609, 3618, 3644-3647, 3649,
3650, 5404, 5452, 5498, 5511, 5538,
5610
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E: 1175, 1176, 4709
G: 21, 1476, 1478, 3054, 31eQ, 3161,
3211
P: 4318
T: 826, 834-836, 838, 839, 2529, 2532,
2535, 2785, 4318, 4362, 43692, 6484
—, applications
c: 297, 300, 318, 621, 1728, 1832-1834,
1845, 3638, 3648, 3651, 4315, 5611-
5615, 5618, 5800, 5845
E: 2838
G: 104, 119, 153, 168, 187, 1477, 1521,
1620, 1640, 1643, 1672, 3373, 3527,
4997-4999, 5001, 5120, 5240, 5285,
5308, 5314, 5322, 5327, 5354, 5360,
5363
P: 2483, 2527
T: 833, 837, 1139, 2527, 2528, 2531,
2533, 2534, 2536, 4376, 4377, 6480-
6483, 6627, 6738
Phenothiazines
C: 6260
T: 2775, 4640, 6696
Phenoxazines
T= 997
Pheromones
Cc: 1822, 1877, 3674, 3795, 5647
G: 1556, 5122
Phospholipids
C: 354, 356, 357, 577, 1891, 1892, 3727,
3734, 3735, 3738, 3740, 3745, 3748,
3751, 5122, 5123, 5728, 5729, 5731«
5733
G: 67, 5062
P: 760
T: 879-881, 883, 886-891, 904, 2569,
2570, 2574, 2576, 2579, 2582, 2586,
2587, 2589, 4416, 4417, 4419, 4420,
4422, 4426-4428, 4433, 4434, 4436,
4437, 6474, 6532-6534, 6537, 6539~
6543~ 6548, 6549, 6551, 6552
see also Sphingolipids
Phosphoramide derivatives
G: 3319
Phosphorus compounds, inorganic
C: 4294, 6396, 6399-6401
G: 1552, 5262
P: 1127, 2478, 2481, 6453
T: 1127, 1131, 6730
—, organic, techniques
c: 578, 2133, 2317, 4081, 4082
E: 4866
G: 15, 1423, 3302, 4939, 4943, 5108
P: 2462, 4338
T: 1005, 1006, 2686, 6639
~-, —, applications, non-biological
E: 1366
G: 1423, 5356
T: 2684
—, —, —, biological
C: 4200, 6113, 6114
E: 1367, 2855
P: 775, 6546, 6640
T: 6546, 6640
-, —, =, enzymic
C: 2132
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P: 755
T: 755
Phylloguinones
E: 3002
Pigments, natural (and fluorescent sub-
stances)
C: 257, 2211, 4150, 4157, 4158, 4161-
4164, 6215-6218, 6367
G: 1566, 1672
T: 993, 1045, 2741, 2742, 4340, 4604,
4606, 4607, 6683-6685
see also Anthocyanins; Chloroplast

pigments; Flavonoids and other y-pyrone

derivatives
Piperazines
C: 4069, 4074
T: 2770
Pituitary hormones
C: 434, 436, 437, 439, 716, 1968,
1984, 1985, 1987, 1988, 2032, 3943,
5906, 5908, 5919, 5924, 5929, 5934
E: 2858
T: 957
—, structure studies
C: 5914
E: 2867
T: 6612
Plant extracts
-, general techniques
C: 556, 692
T: 1104, 2785
—, applications
c: 572, 709, 710, 712, 713, 2300,
2362-2366, 3656, 3796, 4265, 4268-
4273, 6365, 6366, 6368-6372
G: 57, 1456, 1518-1520, 1522, 1525,
1544, 1588, 1589, 1631, 1638, 3290,
3310, 3329, 3331, 3333, 3335, 3338,
3339, 3343, 3426-3429, 3462, 3467,
3489, 5002, 5005, 5016, 5019, 5038,
5098, 5121, 5126-5129, 5216-5218,
5220, 5221, 5301, 5309, 5320, 5373,
5374
P: 6449
T: 847, 849, 978, 1102, 1103, 1105-
1114, 2551, 2782~2784, 2786-2788,
4398, 4399, 4658-4661, 6449, 6481,
6715-6720
only complex mixtures or not fully
identified compounds are referred to
here
Plasticizers and stabilizers (including
other additives)
C: 2416, 6223, 6232
G: 122, 1575, 3356, 3357, 5147, 5232,
5234, 5254
T: 1052, 2744, 2747, 2803, 2804, 4668
Plastics and other synthetic polymers

C: 633-637, 2217~2247, 4165-4172, 6219-

6232
3004

E:
G: 109-119, 1567-1581, 3344-3362, 5142~

5156
1048-1052, 2744-2748, 4611, 6686-
6689

=]
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—, reviews and books
C: 2227
G: 1567, 3025, 3361
—, techniques and theory
C: 214, 633, 1721-1725, 1786, 2217,
2226, 2230, 2231, 2235-2237, 2240,
2241, 2245, 4171, 5401, 5411, 6219,
6221, 6222, 6224, 6226, 6228, 6230
G: 1419, 1425, 1432, 1574, 3129
T: 2748, 6462
see also individual types of polymers
and resins
Platinum metals and gold
C: 2382, 2395, 6119-6121
G: 1632, 3053
P: 2468, 2471, 4343, 4344
T: 1120, 1122, 1125, 2795, 6725
Polyamides, polyimides and their inter-
metidates
C: 637, 2222, 3834, 5513
G: 1572, 5156
T: 6687
Polyamines, see Amines, polyamines and
their derivatives
Polyene antibiotics
P: 2717
T: 2717, 6656
Polyethylene etc., see Polyolefins
Polynucleotides, see Oligo- and poly-
nucleotides
Polyolefins
C: 636, 2221, 4170
G: 112, 1578, 3345, 3346, 4900, 5151
T: 1051

Polyoxyethylene
C: 5504, 5522, 6222
G: 5144
T: 6686
Polysaccharides
C: 336, 1708, 1859, 1867, 2421, 3709,
5666, 5669

G: 5019, 5022, 5023
—, structure investigation
G: 5021, 5025

P: 759
T: 759, 4409, 6513
Polyurethanes

C: 182, 1577, 3351
Porphyrins and metalloporphyrins
C: 562-564, 2120, 2121, 3601, 6091,
6092
G: 5099, 5209
T: 4540, 6629-6631
Potassium, Sege Alkali metals
Pregnane derivatives
—, techniques
C: 270, 373, 1900, 3773, 3762, 3765,
3769, 3772, 3776, 3778, 5738, 5739,
5746, 5747, 5752
G: 69, 71
P: 2452, 6430
T: 909, 1132, 2452, 2593, 4356, 4440,
6708
—, applications, non-biological
C: 366, 372, 3771
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T: 908, 4438, 4441, 4443
—, —, biological
C: 364, 365, 367, 368, 374, 375, 190t,
1903-1908, 1910, 1911, 3759-3761,
3764, 3766, 3767, 3774, 3779, 5742,
5743, 5745, 5748, 5749, 6298
G: 70, 72, 1508, 1509, 1514, 3219,
3223, 3225, 5168; 5227
P: 761, 762, 4324
T: 762, 906, 907, 911, 912, 2592, 2594-
2596, 4324, 4439, 4440, 4445, 6559,
6560, 6614
Propellants
T: 2805
Prostaglandins and thromboxanes
C: 353, 1887-1890, 3730-3733, 5715~
5721
G: 55, 56, 149, 1496-1499, 3196-320%,
5042
T: 873-878, 4414, 4415, 6525, 6526
Protamines, histones and other nuclear
proteins (including chromatin proteins)
C: 3928, 5972-59%4
E: 1270-1273, 1298, 6897, 6898, 6900
—, structure studies .
E: 4732, 6822

T: 966
Proteins

C: 442-472, 1994-2049, 3900-3954, 5939-
5985 :

E: 1212-1304, 2875-2954, 4744-4820,
6825-6942

G: 3281, 5094, 5095

T: 970, 971, 2644

-—, reviews and books
¢: 1998, 5939
E: 1217
—, general technigques
C: 278, 442-444, 1994-1997, 1999, 2000,
3592, 3900-3905, 5503, 5522, 5870,
5940-5948
E: 1157, 1158, 1163, 1164, 1170, 1212-
1216, 1218-1222, 2820, 2821, 2823,
2875-2882, 4678, 4680, 4689,.4690,
4694, 4697, 4700, 4703, 4733, 4744~
4754, 6747, 6748, 6756, 6757, 6760-
6763, 6766, 6769, 6778, 6780, 6791,
6794, 6825-6832, 69240, 69%6
T: 970, 971, 2645
—, seguence and structure analysis,
reviews and books
¢: 1891, 1993
G: 3280
T: 967
—, —, general techniques
C: 441, 3850, 5935, 5936
E: 2874, 4700, 4736
G: 1541
T: 2633, 4501, 4514
—, of subcellular particles, phages and
viruses (including ribosomal proteins)
C: 445, 446, 3906, 3952, 5950, 5951,
5953 B
E: 1223-1234, 1238, 1271, 2883-2887,
4755-4761, 6833-6844, 689
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—, —, structure studies
¢: 3879
E: 1208, 1211, 4738, 6823
T: 4514
—, bacterial toxins
C: 449
E: 2889
-, —, structure studies
E: 2866
T: 965, 968, 969
—, microbial and plant (including pro-
teins of foods of plant origin)
C: 447, 448, 450, 459, 2002, 2003,
3907-3910, 5953-5956
E: 1228, 1236-1247, 1249-1252, 1265,
2888-2891, 2893-23900, 2937, 4757,
4759, 4762-4771, 6837, 6839, 6840,
6845-6847, 6849-6851, 6853-6858
—, —, structure studies
C: 3897
E: 2866, 4735, 4740
—, of blood serum and blood cells
C: 231, 451-455, 2001, 2004-2017, 2043,
2049, 3622, 3623, 3878, 3900, 3911-
3922, 3945, 5941, 5950, 5952, 5957,
5959-5968, 5971
E: 1164, 1167, 1238, 1253-1263, 1285,
1291, 1302, 1372, 1373, 2833, 2901-
2915, 2923, 3011, 3017, 4684, 4705,
4706, 4714, 4772-4790, 6859-6861,
6863-6886, 6937
G: 5095
T: 2644
—, ——, structure studies
c: 1992, 2008, 3871, 3881, 3899, 5937
E: 2859, 2861, 2862, 2868, 2869, 4734,
4739
—, structural (except contractile
elements)
C: 456, 2019, 2044, 2049, 3912, 3915,
3924-3926- 5402, 5969, 5971
E: 2917, 2920-2922, 2945, 2953, 4791,
4796, 4797, 6843, 6864, 6875, 6888-
6890, 6892-6895
G: 3129
—, —, structure studies
C: 3881, 5937
E: 1210, 2860, 2863, 2865, 2869, 2871,
6820, 6821, 6824
—, of brain, cerebrospinal fluid and
eye
C: 470, 2041, 2042, 2048, 3929
E: 1218, 1232, 1897, 1299, 1303, 2880,
2949-2952, 4776, 4817, 6832, 6878
G: 5
—, —, structure studies
C: 3896
E: 2870, 4737
for eye pigments, see Pigments, natural
—, of muscle and meat products and
related contractile proteins
C: 266, 458, 2018, 3923, 3927, 5970
E: 1250, 1264-1269, 2916, 2918, 2919,
4792-4795, 4798, 6887, 6891, 6896
G: 5
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'

Tz

’

—, structure studies
4498
of glands and gland products (except

mammary gland), various zymogens

(o

B

v

C:
E:

’

C:
E:

r

Cs

’

E:

466-468, 2031-2036, 3943, 3944,
5992
1162, 1226, 1232, 1283, 2928, 2930-
2935, 2946-2948, 4799, 4807, 6838,
6842, 6911-6913, 6915-6919
—, structure studies
3872, 5938
4736
of milk
3940-3942, 5993
1285, 1287, 2929, 2936, 4806, 6910,
6914, 6920
of eggs
2047
—, structure studies
4736

—, urinary

C:
E:

T:

’

C:
E:

’

C:
BE:

’

469
1294, 1295, 2941-2943, 4813, 4814,
6937, 6938
2644
conjugates with nucleic acids
553, 554
1290, 4862
from neoplastic tissue
3945, 5983
1288-1290, 1293, 2887, 6921-6928,
6939, 6985
complex mixtures and uncompletely

specified proteins

(&
B

468, 2044, 3953, 3954

1298, 1300, 1301, 1304, 2944, 2945,
2953, 2954, 4815, 4816, 4818-4820,
6941, 6942

Protoberberine alkaloids

I

2651, 2652, 2661, 2662, 4527, 6624

Psychotropic drugs (analeptics, neuro-
leptics, antidepressants, stimulants)

83

638, 648, 662, 664, 666, 699, 704,
1789, 2252, 2264, 2270, 2271, 2297,
2306, 2308, 2320, 2351, 2354-2356,
4055, 4068, 4176, 4184, 4188, 4194,
4201, 4214, 4219, 4224, 4228, 4229,
4227, 4251, 4261, 4262, 6252, 6274,
6275, 6278, 6294, 6297, 6305, 6313,
6314, 6319, 6327, 6344, 6346

126, 127, 129, 132, 136, 137, 139,
143, 152, 1582, 1586, 1594, 1601,
1605, 3385, 3393, 3398, 3403, 3405,
3408, 3411, 3418, 5163, 5180, 5182,
5184, 5187, 5196, 5210, 5205, 5206,
5208

1063, 1065, 1080, 1083, 1088, 1089,
1094, 2750, 2760, 2762, 2763, 2773,
2775, 2776, 2778, 2781, 4621, 4650,

Purgatives
C: 2361
Purine alkaloids (xanthines)
Cc: 559, 638, 674, 683, 695, 2113, 2273,

3670, 4048, 4052, 4053, 4055, 4258,
4275, 5859, 6073, 6088, 6320

BIBLIOGRAPHY SECTION

Gi 3285, 3291
T: 982, 1092, 1099, 2657, 4621, 6709,
6714
Purine antibiotics
G: 5179
Purines, pyrimidines, nucleosides,
nucleotides
C: 541-547, 2090-2106, 4015-4036, 6034-
6062
1349-1352, 2985-2988, 4851
1543, 3285-3287, 5098
P: 773-775, 2460, 2461, 4332-4334,
6441, 6442
T: 972-975, 2646-2649, 4516-4522, 6613-
6619
-—, reviews
C: 4023
—, techniques
C: 541-543, 547, 744, 1728, 1854, 2091,
2094, 2096, 2099-2101, 2103, 4015-
4017, 4024-4026, 4032, 4035, 4036,
6038, 6041-6043, 6045, 6053-6055,
6057-6062, 6101, 6150, 6293
1349, 1350, 4851
1543, 3287
2460, 4332
T: 826, 975, 2648, 4521, 6458
—, analogues of pyrimidines, nucleotides
and nucleosides
C: 544, 678, 695, 2090, 2092, 2097,
2098, 2104, 4017, 4018, 4031, 4034,
6035, 6048, 6051 -
E: 2985
P: 2647, 4516, 6442
T: 973, 974, 2647, 4516-4518, 4522,
6442
—, applications, non-biological
C: 2102, 6054
P: 4334, 6616
T: 972, 4519, 6616
—, —, enzymatic
C: 5534
P: 2461, 4333, 6441
T: 4333, 6614, 6618
-—, —, microorganisms
P: 773
—, —, plants
C: 4029, 6044
G: 5098
—, —, animal material
C: 2095, 2104, 2276, 4019-4022, 4027,
4028, 4030, 4033, 6034, 6036, 6040,
6046, 6047, 6049, 6052, 6056
2986, 2987
5227
775, 2461
T: 2649, 6613, 6615, 6619
Pyrazines
G: 5371
T: 2674, 2770
Pyrazoles
B 777
T: 2676
Pyrazolones
T: 6635-6637

E:
G:

T oA

el e
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Pyrethrins (and other natural insec~
ticides)

¢y 572, 624
T: 1036, 2734, 2735, 4270, 6679, 6680
Pyridine and piperidine derivatives
C: 299, 543, 571, 675, 2126, 3601,
4067, 4074, 6090
G: 114, 1529, 1648, 3095, 5103
T: 998, 2673, 2674, 4542-4546

—, carboxylic acids
c: 6100, 6151

G: 105
P: 2467
T: 2517, 4542

see also Nicotinic acid and derivatives
Pyridoxine, see Vitamins, Bg group
Pyrimidines, se¢ purines, pyrimidines,
nucleosides, nucleotides
y-Pyrone derivatives, see Flavonoids and
other y-pyrone derivatives
Pyrroles and pyrrolidines
C: 1882, 3601, 6090
T: 931, 991, 992, 2674, 2765, 4355
see also Bile pigments; Porphyrins and
metalloporphyrins
Pyrrolizidine alkaloids
c: 2119, 6080
G: 3290
T: 990

Q

Quinoline and isoquinoline alkalcids
Cc: 6078
G: 3377
T: 4538

Quinolines and isoquinolines

C: 215, 574, 575, 6090
E: 1176
G: 18, 156, 1391, 3293

T: 793, 794, 2517, 4490, 4546, 6633
Quinolizidine alkaloids

T: 4539
Quinones
C: 653, 1844, 1845, 1850, 5487, 5511
G: 1481, 5342, 5360
P: 4319

T: 848, 852, 2552
see also Antragquinones; Phyllequinones;
Ubiquinones

R

Radiopharmaceuticals
C: 2255, 2262
P: 4341, 6447
T: 1066, 6447
Radiosensibilizators
C: 4244

B493
Rare earths
c: 719-723, 727, 729, 2381, 2385, 2387,
2389, 2390, 2396, 2398, 2403, 4285,
4286, 4289
E: 3013
G: 1555, 1632
P: 2469, 2474
T: 1117, 1122, 2469, 2791, 2794, 2795,
6723, 6728
Rauwolfia alkaloids
C: 6883, 6089
T: 2663, 4621
Resins
—, alkyl
C: 2219, 2220
G: 5046
—, phenolic
C: 6227
G: 119, 1477, 1577, 5308
T: 1048

—, phenol-formaldehyde type
C: 4166, 6225

G: 1568, 3347
—, polybutadiene
G: 5145
—, polyester
C: 2238, 4167, 6231
G: 109, 110, 117, 118, 1579, 3353,
3356, 5150, 5153, 5156
T: 4611

—, polyethylene and polypropylene
glycols
C: 226, 634, 5522
G: 3355, 3360, 5152
T: 1049, 6689
—, poly(vinyl acetate)

C: 6227
E: 3004
-—, poly(vinyl alcohol)
C: 6222
G: 5142
—, poly(vinyl chloride)
C: 6227
G: 37, 122, 1573, 3346
—, poly(vinyl pyrrolidone)
C: 6222

see also Acrylic resins; Epoxy resins;
Polyamides; Polyoclefins; Rubber;
Styrene polymers

Retinol and derivatives, see Vitamins,
A group

Rhinologics
T: 4621

Riboflavin and other flavins, see
Vitamins, By and other flavins

RNA

-, techniques
C: 4037, 4038, 6042, 6043, 6064
E: 1348, 2991, 6974

—, applications, non-biological (in
vitro reactions)
C: 548

—, —. microorganisms
E: 1356, 2990, 4852, 6975
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-—, —, plants
E: 2989
—, -—, animal material
C: 549, 550
E: 1353, 1354, 4853-4856, 6973

—, structure studies
C: 555, 2112, 4015
E: 1363, 2988, 6986
P: 6616
T: 976, 6616, 6619
Rubber (natural and synthetic)
C: 2218, 2228, 2243, 4169
G: 1403, 1567, 3349, 3361,
5150, 5294
T: 6688
Rubidium, see Alkali metals

3539, 5146,

5

Saponins and sapogenins
Cc: 1921
P: 763, 6431
T: 920, 922, 1110, 2603-2605, 2785,
4473-4466, 4660
Sedatives, hypnotics and narcotics
C: 659, 705, 707, 2259, 2273, 2344
G: 138, 143, 3364, 3394, 3453, 5180,
5194, 5218
T: 1086, 4617, 4621, 4646, 6714
Selenium, inorganic, see Cations, inor-
ganic, analytical group IIb
—, organic
G: 3449, 5112, 5113
T: 2679, 4553
Senecio alkaloids
C: 4051
Sexual attractants, See Pheromones
Sialic acid, see Glycosaminoglycans
Silicon compounds, organic
C: 635, 2136, 2416
G: 111, 170, 174, 1554, 3083, 3309,
3349, 3450, 5111, 5146, 5332
T: 4557, 4558, 6643
Silver, see Cations, inorganic, analytical
groups I and IIa
Skeletal muscle relaxants
C: 6322
T: 1090, 2760, 6698
Snake venoms
C: 5994
Sodium, see Alkali metals
Soil pollution
C: 1927, 2204, 6422, 6423
G: 102, 105, 106, 1564, 1672, 3328,
3531, 3539, 5097, 5266, 5351, 5369,
5370, 5373, 5374
T: 1036, 2524, 4552, 4584, 4585, 4663,
6478, 6676, 6677
Spasmolytics, see Anticonvulsants
Specific binding proteins
C: 2037-2039, 2041, 3905, 3946-3951,
5751, 5951, 5983, 5995

BIBLIOGRAPHY SECTION

E: 1251, 1253, 1291-1293, 2904, 2906,
2937-2940, 3001, 3003, 4691, 4808-
4812, 6011, 6929-6936

Sphingolipids (sulfatides etc.)

C: 3735, 3750

G: 63, 5054

T: 901, 2570, 2588, 6527, 6536

Stabilizers, see Plasticizers and
stabilizers
Starch components

C: 332, 1865, 3560, 5522, 5672, 5674,
6222

G: 1489, 5024

P: 2451

T: 830

Steroid alkaloids
C: 4043, 6084
G: 5313
P: 6443
T: 981, 2650, 4466, 6443
Steroids
C: 361-384,
5778
E: 2854
G: 68-75,
5067
P: 761, 762, 2452, 4324, 6429, 6430
T: 905-919, 2591-2601, 4438-4462,
6555-6570
-—, reviews and books
c: 5936, 5737
G: 1513, 3032, 3235, 3236, 5067
—, general techniques and theory
C: 242, 248, 362, 363, 3758, 3765
G: 1507, 1511, 3096, 3118, 3151, 3210,
3218, 3220-3222, 3224
P: 2452, 6429
T: 826, 2452, 2591, 4358, 4442, 4446,
4447, 6466, 6555
see also Androstane derivatives;
Oestrogens; Pregnane derivatives;
Sterols '
Sterols
—, reviews
G: 3228
—, techniques
C: 382, 1858, 3785, 3786, 5762
G: 1515, 3227, 3229-3232, 3261
T: 2577, 2785, 6464, 6532, 6539
—, applications, non-biological
C: 381
T: 918, 4454, 6564, 6568, 6688
—, —, biological
C: 1916-1918, 3787~3789, 5761, 5763~
5766
E: 1371, 2850
G: 7074, 1514, 3204, 3226, 3227, 5059,
5061, 5062, 5227
T: 917, 2598, 4430, 4448-4453, 6533,
6534, 6562, 6563, 6565-6567, 6579
Stimulants, see Psychotropic drugs
Streptothricins
C: 398
Strontium, gee Alkaline earths

1900-1923, 3758-3792, 5736-

1507~1517, 3218-3224, 5056~
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Strychnine alkaloids
T: 4530, 4621, 6714
Styrene polymers

C: 221; 222, 226, 230, 1780, 2223-2225,
3633, 4168, 4172, 5411, 6228, 6229
G: 112, 114, 116, 1568-1570, 1576,
1580, 3344, 3354, 3355, 3358, 5145,
5149, 5150, 5154
T: 1050, 1051, 2745
Subcellular particles
C: 2429-2434, 4307, 4308
G: 1614, 1652
T: 1050, 1051, 2745
Sulphatides, see¢ Sphingolipids
Sulphides
G: 3299, 4893, 5104, 5266, 5331, 5371
P: 4337
T: 1037, 2766, 4337, 4553
Sulphonamides
C: 644, 663, 1819, 2254, 4130, 4191,
4203, 6255, 6285, 6348
G: 1409, 1617
T: 1069, 1075, 1076, 2767, 4613, 4641,
6466
Sulphones
Tt 2517
G: 3297
Sulphoxides
T: 6737
Sulphur compounds, inorganic
C: 2411, 4292
G: 162, 166, 1412, 1653, 1663, 3452,
3495, 4914, 5266
P: 2479
T: 1140, 6730
—, elemental 167, 1449
-—, organic, techniques
G: 97, 1412, 1420, 1449, 1547, 1550,
4939, 5105
P: 2462, 4338
T: 1005, 1006, 2686, 6639

i , acids and derivatives
C: 3582, 4075, 4079, 5538, 6105, 6106,
6109
6987
153,
799
941,
4549
—, —, containing heterocyclic sulphur
G: 1535
T: 1003, 1071, 2679
see also Sulphatides; Sulphides;
Sulphonamides; Sulphones; Sulphoxides;
Sulphur oxides; Thiazoles and iso-
thiazoles; Thiocarbamates; Thiocyanates
and isothiocyanates; Thioglucosides;
Thiols; Thiones; Thiophenes; Thio-
phosphates; Thiosulphates; Thioureas;
Sulphur oxides
G: 158, 167, 3495
Sunburn preventives
C: 4177
T: 6695

3480, 5246, 5305, 5311,
4316, 4336
1001, 1004,

5347

H oo m

2681, 2684, 2685,
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Surfactants, emulsifiers and detergents

C: 734, 2413-2415, 4075, 4297, 4298,
5604, 6405, 6406
G: 169, 1447, 1636, 3478, 3479, 3505,
5246
T: 1133-1135, 2798, 2799, 4665, 6689,
6738
Suspensions, various
G 221
E: 2811, 3018, 3024, 7005
Sweeteners, artifical
Cz 1879
G: 1644, 3483, 5117, 5225
T: 6487

Sympathicomimetics, see Adrenergic and
adrenergic blocking compounds

T

Tannins
P: 787, 2483
T: 845, 2785, 4394
Tantalum, see Cations, inorganic,
analytical group III
Technetium, see Cations,
analytical group ITIb
Tellurium, 8gee Cations, inorganic,
analytical group IIb

inorganic,

Terpenes
C: 390-393, 1925, 1926, 3794-3797,
5781-5787
G: 76-78, 1518-1522, 3237-3244, 5068~
5071
P: 6432
T: 923-930, 2609-2613, 4469-4475,
6575~6580
~—, general techniques
C: 391, 392, 1925, 3794-3797, 5784,
6086
G: 1450, 1519, 3262, 4953
T: 924, 2609, 2611, 2612
—, applications
C: 390, 5619, 5781, 5783
G: 65, 196, 1404, 1451, 1518-1520,
1525, 1638, 1641, 3243, 3371, 3379,

3424, 5038, 5070, 5276, 5324
P: 4469, 6425, 6431, 6432

T: 923, 925, 1060, 1106, 2605, 2610,
4469, 4470, 4472, 4473, 6425, 6432,
6575-6579

—, acids

C: 1925, 5707

Gz 57
—, resins

T: 926

see also Essential oils
Tetracyclines

C: 593, 601, 612, 2187
Tz 2709; 6659

Textile dyes (including bleaching agent)
C: 629

T: 1038, 1044, 4597-4599
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Thallium, see Cations, inorganic,
analytical groups I and IIa
Thiamine, see Vitamins, B)
Thiazoles and isothiazoles
C: 6110, 6111
G: 104
T: 6635-6638
Thiazolidines
C: 2130
Thiocarbamates
G: 185, 1645, 13306, 13322, 3323, 5115,
5131
P: 776, 4337
T: 4337
Thiocyanates and isothiocyanates
G: 5251
P: 778
Thioglucosides
P: 2683
T: 2683
Thiols
C: 2131, 4076, 4078, 4080, 6108, 6112
E: 4867
G: 96, 1535, 1546-1548, 5314
P: 777
T: 2682, 2771, 4505
Thiones
G: 3320
Thiophenes
G: 96, 1550, 3300, 3301, 5106, 5197,
5311, 5371
Thiophosphates
C: 6115
Thiosulphates
G: 3297
Thioureas
C: 4077
G: 1551
P: 1002, 4337
T: 1002, 2680, 4337, 4622
Thorium, see Cations, inorganic,
analytical group III
Thyreostatics
T: 4621, 4636
Thyroglobulins and related compounds
C: 440, 1982, 5905, 5917, 5933
E: 2856
-—, styucture studies
C: 3875, 5914
G: 3277
Tin, inorganic, 8&e¢e Cations, inorganic,
analytical group III
—, organic
C: 5487, 6116
G: 98, 3303, 3304, 4928, 5131
Titanum, See Cations, inorganic,
analytical group III
Tobacco alkaloids
G: 2, 1545, 3288, 3384, 34X0
T: 980, 4621, 6627
Tocopherols, see Vitamins, E
Toxicological analysis
—, reviews
C: 6359, 6361
G: 149, 3422, 5214

BIBLIOGRAPHY SECTION

P: 2477
T: 6713
—, general techniques
c: 639, 706, 707, 3607, 6321
G: 149, 1403, 3419, 3437, 5232, 5234
T: 1101, 2665, 2781, 6493, 6714
—, applications
C: 395, 647, 705, 2317, 4222, 4250,
4265, 4266, 6358, 6360, 6362-6364,
6368, 6379
G: 145, 147, 153, 173, 3288, 3294,
3312, 3424, 3425, 3443, 3468, 4971,
4993, 5160, 5164, 5187, 5208, 5210,
5212, 5213, 5215, 5232, 5234, 5244,
5246, 5272
P: 6448
T: 989, 2622, 2780, 4467, 6705-6707
Toxins, non-proteinous or unidentified
C: 556
G: 5004
T: 978, 4669
see also Aflatoxins; Mycotoxins
—, proteinous
c: 471, 472
see also Proteins of glands and gland
products; individual enzyme types
Transferases
—, transferring one-carbon groups
(methyl, hydroxymethyl, formyl,
carboxyl, carbamoyl, amidino and
related transferases) (E.C. 2.1.-.-)
C: 2067, 2068, 3966, 3968, 6008, 6009,
6011, 6012
G: 3284
—, transferring aldehyde or ketonic
residues (E.C. 2.2.-.-)
C: 494
—, transferring acyl and aminoacyl
groups (E.C. 2.3.~.-=)
C: 487, 490, 491, 493, 495, 2064, 3964
E: 1314, 1316, 1317, 1319, 1320
—, transferring glycosyl residues
(hexosyl and pentosyl transferases)
(By€y 24 =u=)
C: 492, 3963, 3967, 6010
E: 1312, 1313, 1315, 2962, 6947
—, transferring alkyl or aryl groups,
other than methyl groups (E.C.
2.5.~47)
C: 486, 488, 3965
—, transferring phosphorus-containing
groups (E.C. 2.7.-.-)
C: 496-503, 2065, 2066, 2069, 2070,
2088, 3969-3977, 6013-6015
E: 1212, 1321-1324, 2910, 2963-2968,
2984, 3005, 3009, 4830, 4831,
4833-4836, 6948-6951
Triazines
C: 4072
G: 1571
T: 799, 4477
Triazoles
C: 6102
G: 86
T: 1060
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Tropine alkaloids
C: 556, 2266, 6081

T: 978, 2447, 4525, 4526, 4621, 6714
Trypsin inhibitor

C: 2046, 2374

E: 1241, 1284, 1286, 6848

Tryptophan metabolites

c: 405, 411, 415, 566-570, 1970, 2122,

2124, 2125, 4063-4066, 5810, 5815,
5838, 6098, 6099
Tuberculostatics
C: 2257, 2287, 4250
G: 5166

P: 750, 2467

T: 4631, 6694
Tungsten, See Cations,

analytical group IIb

inorganic,

U

Ubiquinones (coenzyme Q)
C: 314, 3671, 5640
T: 6500

Uranium, See Actinides and uranium
Urea and derivatives
Cc: 410, 2337
G: 102, 103,
P: 776
T: 2628, 2630, 4492
Uric acids
c: 573, 695,
P: 6428

1619, 3173

2093, 2103, 2105

Vanadium, See Cations inorganic,
analytical group IIb
Vasoconstrictors
C: 4187
G: 1611, 3416
T: 1068
Vasodilatants
dilatants)
C: 660, 2261,
6302, 6350
G: 3378, 5173,
T: 4621
Venons, proteinous, see Protein of glands
and gland products; individual enzyme
types
Vitamins (for Vitamin protein complexes,
see Specific binding proteins)

(including coronar vaso-—
2303, 4189, 4190, 6282,

5185

C: 581-589, 2141-2163, 4088-4103, 6123-
6159

E: 2997, 4868

G: 1556, 3310, 3311, 5116-5119

T: 1009, 1010, 2688-2690, 4559-4564,

6644
—, techniques for fat soluble vitamins
C: 582, 2156, 4098
T: 4563, 4564

B497
—, —, for water soluble vitamins
C: 4101
T: 4563, 4564, 6644
~—, A group
581, 2147, 4091, 6123, 6124, 6136,
6142, 6149, 6156, 6159
T: 4561, 4563, 4564
—, Bj group
C: 2148, 2151, 6140, 6151, 6158
T: 4563, 4564
—, B2 group
C: 6130, 6140, 6145, 6158
T: 4563, 4564
—, Bg group
Cc: 586, 2161, 2162, 6131, 6140, 6153,
6154, 6158
P: 2467
T: 4564, 6644
—., B12 group
C: 4102
E: 4868
T: 2688, 2690, 4562, 4563
—, C group
C: 587, 2141, 2157, 2158, 2160, 3679,
6125, 6126, 6129, 6144, 6150
B: 2997
G: 5117, 5119
T: 4563, 4564, 6644
—, D group
C: 582-584, 589, 2144, 2146, 2150,
2153, 2154, 2163, 4088, 4093, 4094,
4096, 4097, 4099, 4100, 6132, 6134,
6137, 6139, 6141, 6152, 6155, 6157
T: 1009, 1010, 4560, 4563, 4564
-, E group

C: 248, 581, 2143, 2159, 4089, 4103,
6135, 6138, 6142, 6147

G: 3310, 3311, 5116, 5118
T: 799, 4563, 4564

—, K group
C: 248, 2142, 6143
see also Folic acid and other pteridine
derivatives; Nicotinic acids and de-
rivatives; Panthotenic acid and co-
enzyme A

W

Water
G: 1443, 1472, 1524, 1553, 3158, 3452,
3473, 3475, 3476, 4924, 4986, 4999,
5117, 52554 5292, 5297, 5314
Water pollution and analysis
C: 739-744, 2198, 2440-2444, 4130, 4312-
4315, 5707, 6395, 6397, 6421, 6422
G: 15, 176, 198-200, 1458, 1533, 1553,
1562, 1564, 1628, 1636, 1667-1673,
3148, 3155, 3211, 3231, 3299, 3307,
3324, 3330, 3449, 3465, 3480, 3502,
3504, 3514, 3516, 3517, 3527-3532,
3534-3538, 4989, 4991, 4992, 4999,
5106, 5115, 5251, 5304, 5320, 5323,
5331, 5352-5356, 5358-5366, 5371,
5372
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P: 2449, 2482 . X-ray contrast media
T: 828, 865, 868, 1001, 1031, 1039, - C: 2268, 2312
1049, 1119, 1126, 1140, 2522, 2524, P: 1091
2533, 2552, 2616, 2694, 2722, 2731, T: 1091

2736, 2798, 4366, 4374, 4376, 4377,
4480, 4584, 4587, 4663, 6483, 6528,
6582, 6671, 6677, 6680, 6737, 6738

— - — —, reviews Z
C: 6420
E: 7014 Zinc, see Cations, inorganic, ana-
G: 5357, 5367 lytical group IIIX
Waxes Zirconium, see cations, inorganic ana-
G: 3204 lytical group III
T: 2580

X

Xanthine alkaloids, see Purine alkaloids
Xanthones
E: 3007

Erratum

J. Chromatogr., 245 (1982) B197-B309
Page B219, heading "32b. 4Anions" should read "32b. Pharmacokineticbstudieg".
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