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NEW CONTI NUOUS EXTRACTION METHOD WITH A COIL PLANET
CENTRIFUGE

YOICHIRO ITO

Laboratory of Technical Development, Na tional Heart , Lung and Blood Insti tute, Bethesda, M D
20205 ( U.S.A.)

(Received July 16th, 1980)'

SUMMARY

A compac t table-top model of th e co il planet centrifuge simultaneously
enables both preliminary purificati on and enric hment of samples from crud e extra. .s
or biological fluids. The method uses hydr od yna mic behavior of two imm iscible solve It
phases in a rotating coiled tube to ret ain the sta tionary phase against a high flo w-r a C

of mobile phase. Co nsequently, a small qu antity of th e sample present in a large
volume of mobi le phase is efficiently extracted into a small volume of the statio nary
phase within a short period of time and at a high recovery rate . Th e capability of
the present metho d was demonst rat ed in the extraction of dinitrophcnylamino acids
(used as a comparative performance standard) with a set of two-phase solvent
systems composed of ethyl ace ta te and 0.5 M NaH 2P0 4 •

INTROD UCTI ON

Preliminary clea ning-up of crude extracts or biological fluids is often essential
for purification of biological materials . Whe n a small quantity of the mate ria l of
interest is present in a relat ively large quant ity of th e solvent , enric hment is also
necessary. Co nventio na l proced ures such as repet itive extrac tio n with a separatory
funnel or a Craig co untercurrent distribution method usually resu lt in a large quantity
of harvested solvent which necessita tes furt her co ncentration.

The present paper introd uces an efficient extractio n meth od ut ilizing a coil
planet centri fugation. The method enables both clean ing-up and enrichment in a
short period of time and a t a high reco very rat e. The ca pability of the method was
demonstrated on ext raction of sma ll am ounts of dinit rophenyl (D NP) amino acids
from several hundred milliliters of either aqueo us or non- aqueous phase co mposed
of ethyl acetate and 0.5 1\-1 sod ium phosph ate aq ueo us so lutio n.

PRINCIPLE

The meth od tak es adva ntage of th e intriguin g hydr odynami c behavior of two
immiscible solvent phases in a coi led tube ro tat ing in an acce leration field. When a

• Publicat ion de layed at the request of the a uthor.

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publ ishing Company
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coiled tube is slowly rotated around its horizontally oriented axis, particles present in
the coil move toward one end of the coil. Thi s end is defined as the head and the other
end as the tail of the coil. Two immiscible solvents confined in such a tube are usually
distributed from the head toward the tail at a particular volume ratio and any excess
of either phase remains at the tail of the coil. While the distribution ratio of the two
solvents varies with a number of parameters, the rotational speed of the coil becomes
the major determinant for the phase distribution of a given pair of solvents. At a very
slow rotational speed the two phases are distributed so that they are nearly in equal
amount in each coiled turn. At a very high revolutional speed a strong centrifugal
force field separates the two pha ses in such a way that the heavier phase occupies the
outer portion and the lighter phase the inner portion of each helical turn. This
results in the distribution ratio of the two phases in each helical turn being equal to
the volume ratio originally present in the coil. Howe ver, when the rotational speed
is between these two extremities, one of the phases occupies more space in the coil
on the headside and in some cases the two phases are completely separated
in the coil, i.e., one phase entirely occupies the head side and the other phase the tail
side of the coil. Ideal two-phase distribution for continuous extraction is represented
by this complete phase separation at this intermediate rotational speed.

Let us assume a pair of immiscible solvent phases A and B where phase A is
distributed on the head side and phase B on the tail side of the coil. Under this
particular circumstance, continuous extraction is possible in three ways. In the first
method, the coil is filled with pha se A (stationary phase) followed by elution with
phase B (mobile phase containing the sample) through the head end of the coil. Phase
B then travels through phase A in the coil toward the tail. Consequently, the sample
present in phase B is extracted into the stationary pha se A and the stripped phase B is
eluted through the tail of the coil. In the second operation, the coil is first filled with
phase B (stationary phase) and phase A (mobile phase containing the sample) is
pumped through the tail of the coil. Extraction process similarly takes place in the
coil , the stripped phase A being eluted through the head of the coil. The third opera­
tion involves dual countercurrent extraction (not described in this paper) in which
phases A and B are simultaneously introduced into the coil through the tail and the
head, respectively. In this case the coil should be equipped with an additional pair of
flow tubes at each end to collect both enriched and stripped phases . If desirable, the
sample solution may be fed into the coil through another flow line connected at the
middle portion of the coil.

As mentioned earlier, these extraction methods are perfected by providing an
operational condition where the two phases are separated completely along the length
of the coil. Use of the rotating coil in the gravitational field, however, usually fails to
produce this ideal type of hydrodynamic behavior of the two phases. The search for
a suitable extraction scheme which yields complete phase separation in a coiled tube
has been successful in the utilization ofa coil planet centrifuge. The apparatus provides
a particular mode of the synchronous planetary motion to a coiled tube , i.e., the coil
revolves around the central axis of the centrifuge and rotates about its own axis at
the same angul ar velocity and in the same direction':-',

The centrifugal force field produced by this planetary motiorr' :" is highly
dependent upon the location of the point on the holder which is conveniently expressed
by p, i.e., the ratio between the radii of rotation and revolution. When the p value
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exceeds 0.25, the centrifugal force vector is alwa ys directed outwardl y from the holder
while it oscillates in both ampl itude and direction during each revolutional cycle of
the holder. Though the motion of the two-phase solvent in the coil subjected to such
a centrifugal force field is hardly predictable, the behavior of the two phases can be
easily observed through the tube wall under stroboscopic illumination.

A series of observations has been made on various two-phase solvent systems
having a wide spectrum of physical properties. The result s so far obtained indicate
that the distribution of the two pha ses is affected by three major factors, i.e., wall
affinity, relative density and viscosity of the two phases. The phase which has higher
wall affinity, lower density and less viscosity tends to distribute itself toward the head
of the coil. When all three requirements are satisfied, the upper phase will quickly
move toward the head and the phase separation is completed in a short period of
time. This ideal group of the solvent pair includes (if PTFE tube is used as the
column) a number of useful extr action media such as hexane, ether, ethyl acetate,
toluene, methyl ethyl ketone, benzene, etc., mixed with aqueous solution where
various salts can be added to adjust the pH and ionic strength of the aqueous phase.
Various third solvents such as meth anol, acetic acid, etc., can also be added without
altering the overall behavior of the two phases.

When the two solvent phases fail to meet the above requirements, complete
phase separation may not occur ; instead one of the phases usually dominates at the
head side of the coil. Two typical solvent pairs in this group have been tested. In a
II-butanol-water system the non-aqueous phase is more viscous than the lower
aqueous phase. In this case the distribution ratio of the two phases is greatly affected
by the fJ values. At fJ = 0.25, the aqueous phase is almost entirely distributed on the
head side while at fJ = 0.75 the non -aqueou s pha se dominantly occupies the head of
the coil especially under a high revolutional speed. In a chloroform-water system,
the non-aqueous phase is much heavier than the aqueous pha se. Probably due to this
great difference in density, the aqueous pha se always dominate s on the head side
regardless of the fJ values. In these non-id eal solvent pairs, appli cation is limited to
head-tail elution using the dominant pha se as the stationary phase.

EXPERIMENTAL

Apparatus
The design of the apparatus used in the present studies is similar to the

toroidal coil planet centrifuge which permits continuous elution without the use of
rotating seals as described earlier2.3. Fig. I shows the cross-sectional view of the
apparatus. The motor (Electro-Craft) drives the rotary frame around the horizontal
stationary pipe (shaded) mounted on the axis of the centrifuge . The rotary frame
consists of a pair of aluminum discs rigidly bridged together with multiple links (not
shown in the figure) and holds a pair of rotary column holders in the symmetrical
positions 10 em away from the central axis of the centrifuge. The bottom holder has a
diameter of 15 em (fJ = 0.75) and the top holder of 10 em (fJ = 0.5). The shaft of
each holder is equipped with a plastic planetary gear which is coupled to an identical
sun gear (shaded) mounted around the central stationary pipe. In ord er to provide
mechanical stability, a short coupling pipe is coaxially mounted to the free end (right
side) of the rotary frame while the other end of the coupling pipe is supported by a
stationary wall member of the centrifuge through a ball bearing. The coiled column
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was made by winding the desired length of a PT FE tube around one of the holders
while a co unterwe ight is appl ied on the other holder to balance the centrifuge. A
pair of flow tubes from the coi led column is first passed through the center hole of
th e hold er sha ft and led through the side hole of the short cou pling pipe to reach
the opening of the central stationary pipe. These flow tubes are th oroughly lubricated
with silicone grease and protected with a piece of plastic tubin g at each suppo rted
portion to prevent di rect contact with metal parts. The revo lutiona l speed can be
regulated up to 1000 rpm . The apparatus is a compact tabl e-top model whose
dime nsion s are ca. 16 X 16 X 17 in.

Studies on retention of the stationary phase
The capab ility of the present scheme in reta ining a large am ount of the

stationary phase was dem onstra ted with a coi led co lumn pre pa red from 2.5 m X 2.6
mm LD. PTF E tu be (Z eus Industria l Products, Rari tan, NJ, U.S.A.) which was
coiled aro und a holder having a /J value of 0.75. The column consisted of five helical
turns and had a tot al ca pacity of ca. 15 m!. Typical two-ph ase solvent systems com­
posed of ethyl aceta te- water an d ethyl acetate-0.5 M sodium phosphat e (pH 4.4) at
a volume ratio of I : I were selected. Each two- phase system was equilibra ted in a
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separatory funnel and separated before use. In each operation the coiled column and
the free space in the flow path were entirely filled with the stationary phase and the
mobile phase was pumped into the column in the proper direction (head-tail elution
for the aqueous phase and tail-head elution for the non-aqueous phase) while the
apparatus was run at a given revolutional speed. The eluate through the outlet of the
column was pooled in a graduated cylinder to measure the volume of the eluted
stationary phase, Vs ' From the predetermined figures of the total column capacity,
Ve , and the free space in the flow path, Vf , the percentage retention, R, of the
stationary phase relative to the total column capacity was calculated according to the
formula: R = 100 (Ve + Vf - Vs) / Ve • The experiments were performed under various
revolutional speeds and flow-rates using both non-aqueous and aqueous phases as the
stationary phase.

Continuous extraction exp eriments
A series of experiments has been performed to demonstrate the capability of

the present scheme to extract a solute present in a large volume of the mobile phase
into a small volume of the stationary phase retained in the coiled column. This
requires a set of conditions such that the solute must favor partition to the stationary
phase. With commonly used extraction media such as an ethyl acetate-aqueous
system, partition coefficients of various biological materials can be conveniently
adjusted by modifying the pH and /or ionic strength of the aqueous phase to meet the
above requirement. For the present studies, a pair of DNP-amino acids (Sigma, St.
Louis, MO, U.S .A.), N-DNP-L-leucine (DNP-Leu) and delta-N-DNP-L-ornithine
(DNP-Orn), were selected as samples because they are readily observed through the
column wall during the extraction process under stroboscopic illumination and also
provide suitable partition coefficients for this present solvent system . The experiments
were performed with the coiled column used in the previous retention studies. The
overall experimental conditions in the following studies are summarized in Table 1.

A typical extraction procedure may be divided into three steps, i.e., extraction,
cleaning, and collection. In each operation, the column was filled with the stationary
phase and the mobile phase containing the sample was eluted through the column in
the proper direction while the apparatus was run at 600 rpm. The extraction process
was continued until 400 ml of the mobile phase was eluted. Then the mobile phase
was replaced by the same phase but free of solute to wash the column contents. This
cleaning process was continued until the additional 100 ml of the mobile phase was
eluted. This would elute out all impurities having partition coefficients of 0.1 or
greater. The sample extracted into the stationary phase in the coiled column was
collected by eluting with the mobile phase in the opposite direction. This was done
by switching the feed and return flow lines either by simply disconnecting the flow
lines or the use of a four-way slide valve (Pierce , Rockford, IL, U.S.A.). The sample
still remaining in the column was then washed out by eluting the column with the
other phase originally used as the stationary phase.

Sample collection from the column may be performed in different ways.
When the mobile phase is the aqueous phase, modification of the pH and/or ionic
strength often results in a great shift in the partition coefficient of the solute in such
a way that the solute favors partition into the aqueous phase. In this case either
stepwiseor gradient elution with such a modified aqueous phase produces a chromato-
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graphic separation of the solute which can be monitored by a conventional UV
detector. This resu lts in further purification of the solute retained in the column.

The degree of sample recovery was estimated by comparing the amount of
the sample in the original mobile phase to that in the collected stationary phase. A
Beckman D U spectrophotometer was used to measure the absorbance at 430 nm.

RESULTS AND DISCUSSION

The results of the retention studies are summarized in Fig. 2, where the
percentage retention of the stationary phase was plo tted against the applied revo ­
lutional speeds. The three lines drawn in each diagram indicate the effects of the
different flow-rates applied. The flow-rate of 516 ml/h is the maximum rate avai lable
with the Beckman Accu Pump employed . The idea l retention level for extraction may
be considered to be over 70 % at or near the plateau of the curve, although much
lower retention levels can be applied for extraction un less carryover of the stationary
phase occurs. Fig. 2A and B show the retention curves of the solvent system com-
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Fig. 2. Effects of revolutional speed and flow-rate on retention of the stationary phase. A, Phase
system: ethyl acetate- water ; sta tionary phase : upper non-aqueous pha se ; elution : head-tail.
B, Phase system: ethy l acetate-water; stationary phase: lower aqueous ph ase; elution: tail -head.
C, Phase system : ethy l acetate-OiS M NaH,P04 (l :1); sta tionary phase: upper non -aqueous phase;
elution : head-tail. D , Phase system: ethyl acetate-D.S M NaH,PO. (1 :1); stationary phase : lower
aqueous phase ; elution : tail -head.



168 Y. ITO

posed of ethyl acetate and water, where both non-aqueous (A) and aqueous (B)
phases were used as the stationary phase. In both cases the ideal retention levels are
provided at the revolutional speed of over 600 rpm at all flow-rates applied. Com­
parison between A and B reveals that the retention levels of the aqueous phase in the
tail-head elution always exceed those of the non-aqueous phase in the head-tail
elution. This may be due to the higher wall affinity and lower viscosity of the non­
aqueous phase which provides less resistance against the flow.

Fig. 2C and D show similar retention curves for the phase system composed of
ethyl acetate-0.5 M NaH2P04 (I: I). In both C and D, retention levels show much
improvement over the previous phase system . Addition of salt to the phase system
results in a greater density difference which promotes movement of the phases in the
coil as described earlier. The overall result s indicate that the system provides excellent
retention under a broad range of operational conditions for both aqueous and non­
aqueous stationary phases. The results also suggest that much higher flow-rates are
applicable with high revolutional speeds.

In order to demonstrate the extraction capability of the present scheme, a
series of model experiments has been performed with sets of solvent systems and
DNP-amino acid samples as shown in Table 1. In experiments 1-3 in Table I,
DNP-Leu was dissolved in 400 ml of the aqueous phase at various concentrations
and extracted into the non-aqueous phase retained in the column. The extracted
sample was then cleaned by eluting the column with 100 ml of the clean aqueous
phase and then collected from the column. The harvested stationary phase volume
measured ca. 10 ml, containing over 90%of the original sample. A small amount of
the sample still remaining in the column, usually a few percents of the total, was
conveniently recovered by eluting the column with several milliliters of the non­
aqueous phase. The total sample recovery is always well over 90 %, as shown in the
table. The reduction of the sample concentration from 4 mg % to 0.04 mg % some­
what improved the recovery rate, indicating that no significant sample loss occurs
due to the adsorption effects and that further reduction of the sample concentration
is feasible with high levels of recovery. The mode of elution that uses the non-aqueous
phase as the stationary phase renders a great advantage in practical extraction in that
the collected solvent is highly volatile and free of salts, facilitating further concentra­
tion. It also permits the stepwise or gradient elution of the sample by eluting the
column with a modified aqueous phase to achieve further purification.

In experiments 4 and 5 in Table I, the DNP-Orn sample was dissolved in
400 ml of the mobile non-aqueous phase and extracted into the stationary aqueous
phase by eluting the column from the tail toward the head . The retained aqueous
phase in the column was then similarly cleaned with 100 ml of non-aqueous phase
free of sample. The collected stationary aqueous phase measured ca. 12 ml in volume.
This exceeds the volumes in experiments 1-3, as expected from the results of the
retention studies. The sample still remaining in the column was eluted out with
several milliliters of the aqueous phase. The sample recovery ranged over 95%with
an improved figure at the reduced sample concentration as observed in the previous
experiments.

In practice, application of the method to aqueous crude extracts or physio­
logical fluids requires a preliminary adjustment of the solvent composition to provide
a suitable partition coefficient of the desired material for the applied pair of solvents.
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In this case pre-equilibration of the two phases is not essential. Experiment 6 in
Table I shows an example of operation with such non-equilibrated solvents. The
sample DNP-Leu was first dissolved in 400 ml of 0.5 M NaHzP0 4 aqueous solution
containing eth~ acetate at 5%, which is slightly below the saturation level of ca. 7 %.
The column was filled with ethyl acetate followed by elution with the above sample
solution. Both extraction and cleaning processes were performed as in other exper­
iments. The sample solution collected from the column measured slightly over 6 ml.
This depletion of the stationary phase apparently resulted from use of the non­
equilibrated solvent pair but without any effect on the sample recovery.

The overall result s indicate a potential usefulness of the present method in
processing a large amount of crude extracts or biological fluids in research labo­
ratories. A small amount of the sample present in several hundred milliliters of the
original solution can be enriched in 10 ml of the non-aqueous phase free of salt in
I h at a high recovery rate.
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SUMMARY

We have designed a simple bench top model of a counter-current chromato­
graph which performs efficient preparative separations without the use of solid sup­
ports. The stationary phase is retained by gravity in a large diameter coil which rotates
to promote efficient mixing of the two phases. Continuous elution of the mobile
phase is accomplished without the use of rotating seals. We demonstrated the effi­
ciency of the system by separating gram quantities of dinitrophenyl amino acids. The
design and construction of the apparatus should permit easy increases in scale for
industrial applications.

- - - - ----- - - - ---- --- - - - --- -- - - - - --- -------

INTRODUCTION

In the past, several devices for performing preparative-scale counter-current
chromatography have been developed":". Among those schemes the most efficient
separations have been obtained from schemes which employ a rotating coiled column
in an acceleration field2

-
1o

• Efforts have been successfully made to eliminate the use of
rotating seals in utilizing the horizontal /low-through coil planet centrifuges'<!",
However, these devices hold a preparative column assembly on one side of the rotary
arm and , therefore, application of a large preparative column requires a fair amount
oflaboratory space.

This paper describes a new preparative counter-current chromatographic
scheme which compactly holds a large coil assembly at the center of the apparatus and
is amenable for further scaling-up of the sample loading capacity for industrial separa­
tions. The partition capability of the present scheme was demonstrated by the separa­
tion of a set of dinitrophenyl (DNP) amino acids with a two-phase solvent system
composed of chloroform-acetic acid-O.l N hydrochloric acid at a volume ratio of
2:2:1.

• Publication delayed at the request of the authors.

oo21-9673/81/oooo-OOO0/S02.50 © 1981 Elsevier Scientific Publishing Company
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PRINCIPLE AND DESIGN OF TH E APPARATUS

The present scheme uses a coiled tube which slowly rotates around its horizon­
tal axis with respect to the gravitational field. Particles introduced in such a coil move
toward one end of the coil. Thi s end is defined as the head and the other end , the tail
of the coi l. A two-phase solvent system confined in this rotating coil distributes itself
in such a way that nearly equal volumes of the two phases occupy each helical turn
while any excess of either phase rema ins at the tail. This hydrodynamic behaviour of
the solvents allows elution of either phase through the head while retaining a large
amount of the stationary phase in each turn of the coil. Consequently, solutes intro­
duced through the head of the coil are subjected to an efficient partition process be­
tween the mobile and stationary phases in each turn of the coi l and are eluted through
the tail in the order of their partition coefficients as in liquid chromatography but in
the absence of solid supports.

Appl ications of this scheme requires a flow-through mechanism to elute the
solvent through the rotating coil. The simple rotary coil assembly introduced here is
equipped with a rotary-seal-free flow-through system which eliminates various
complications such as leakage, corrosion and contamination caused by the use of
rotating seals.

Fig. I shows a simplified cross-sectional view through the central axis of the
apparatus. The motor drives a rotary frame which consists of three aluminum arms
rigidly bridged together with links. The frame holds two rot ary elements , the coun­
tershaft and the centrally located column holder assembly. The countershaft is
equipped with a toothed pulley at one end and a plastic gear at the other end. The
pulley of the countcrshaft is coupled with a toothed belt to an identical stationary
pulley mounted on the stationary wall member of the apparatus. This coupling causes
a counter-rotation of the countcrshaft on the rotary frame . This motion is furth er
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Fig. I. A simplified cross-sectional view through the central axis of the apparatus.
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conveyed to the central column holder assembly by 1:1 gear coupling. Consequently,
the column holder assembly rotates around its own axis at a rate twice that of the
rotary frame in the same direction. This particular design gives a great advantage in
that the scheme allows the flow in and out of the rotating column without the use of
rotating seals'":",

Separation columns used in the present studies consist of coiled glass tubes of
0.5 em J.D., with different helical diameters (Kontes, Vineland, NJ, U.S.A.). One
column has a 2.5-cm helical diameter with a 90-ml capacity and the other has a 1.25­
em helical diameter with a 45-ml capacity. Both columns contain approximately 50
helical turns. Each column is supported by a hollow aluminum core of the suitable
diameter which is in turn mounted onto the column holder by a screw at each end.
The column holder is equipped with two different levels for mounting columns, the
first level being located 6.5 em from the central axis of the apparatus and the second
level, 13 em from the same axis. A maximum of 30 columns can be mounted to the
holder, 10 columns at the first level and 20 columns at the second level. The desired
number of columns can be connected in series with a short piece of heat shrinkable
PTFE tubing (Zeus Industrial Products, Raritan, NJ, U.S.A .) at each junction.

Flow tubes from the column are first led through the center hole of the column
holder shaft, then passed through a pair of holes at the periphery of the rotary arms,
and finally supported by a stationary tube support located at the central axis of the
apparatus. These tubes are thoroughly lubricated with silicone grease and protected
with a piece of plastic tubing to prevent contact with metal parts.

The rotational speed of the column assembly can be regulated up to 300 rpm.
However, in the present studies , fragility of the glass column limits the maximum rate
down to approximately 100 rpm. A Beckman Accu pump and Chromatronix pump are
used to elute the solvents and an LKB Uvicord 111 to monitor the eluate at 280 nm.

EXPERIMENTAL

Preliminary studies on partition capability
The performance of the present counter-current chromatographic scheme was

investigated by measuring the degree of stationary phase retention and partition
efficiency. The two types of coils with 1.25 and 2.5 em 0 .0. cores were tested, each
mounted in both inner and outer positions of the column holder.

The degree of retention of the stationary phase in each column was measured
with a two-phase solvent system composed of chloroform-acetic acid-water at a
2:2: I volume ratio under various rotational speeds and flow-rate s. The two-phase
solvent system was first equilibrated in a separatory funnel at room temperature and
separated before use. In each measurement the column was entirely filled with the
mobile phase, either upper aqueous or lower non-aqueous phase. Then a given volume
of the stationary phase which occupies "A " helical turn s of the column was introduced
through the head of the column. In order to visualize the stationary phase, a small
amount of dye which favors partition to the stationary phase was dissolved in the
stationary phase. Sudan III was used to color the non-aqueous phase and acid fuchsin
to color the aqueous phase. Then the mobile phase was pumped through the head of
the column while the column was rotated at a given rate . The two phases soo n reached
hydrodynamic equilibrium and the number of helical turns " B" containing the colored
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stationary phase was read. The percentage retention relati ve to the total column
capacity was obtained by the simple expression , 100A/B. The measurement can be
repeated by chan ging rotational speed or flow-rat e without renewing the column
contents until carryover of the sta tionary phase occurs.

The partition efficiency of each column was evaluated with a two-phase solvent
system composed of ch loro form-acetic ac id-O.! N hydrochloric ac id at a 2 :2 :1
volume rat io and a pair of DNP amino acids as test samples. The two-phase solvent
system was equilibrated in a separatory funnel at room temperature and separated
before use. The sample solution was prepared by dissolving N-DNP-DL-glutamic
acid (DNP-glu) and N-2,4-DNP-L-alanine (DNP-ala) (Sigma, St. Louis , MO,
U.S .A.) in the upper aqueous phase to obtain the 0.5 g % concentration of each
component. In each sepa ration the column was first filled with the stationary phase.
Thi s was followed by injection of 0.5 ml of the sample solution through the sample
port located on the flow line between the pump and the inlet of the colu mn. Then the
mobil e phase was pumped through the head of the column while the column was
rotated at a given rate. The eluate through the outlet of the column was continuously
monitored with an LKB Uvicord III at 280 nm. Separations were performed under a
wide range of operational conditions, of rotational speeds (0-80 rpm) and flow-rates
(120 and 240 ml/h), while both upper aqueous and lower non-aqueous pha ses were
tested as the sta tiona ry phase.

Preparative counter-current chromatography with a long column
The preparative capability of the present scheme was examined with a long

column consi sting of IO coils with 2.5 em core a.D. connected in series (tail- head
connection) . The column consisted of nearl y 500 helical turns with a total capacity of
approximatel y 900 m!. It was symmetrically mounted on the outer positions of the
column holder. The solvent system and the samples were the same as those used in the
partition efficiency studies. The sample solution was prepared by dissolving 500 mg of
each DNP amino acid for a total of I g in 30 ml of the solvent consist ing of equal
amounts of the upper and lower phases. In each separation, the column was first
filled with the stationary phase followed by sample injection through the sample port.
Then the mobil e phase was pumped through the head of the column at a rate of 120
ml/h while the column was rotated at the optimum rat e determined by the preliminary
studies. The eluates were collected with an LKB fraction collector to obtain a 12-ml
fraction in each test tube. A 20-pl volume of each fraction was mixed with 3 ml of
methanol to measure the absorbance at 430nm with a Beckman DU spectrophotom­
eter.

RESULTS AND DIS CUSSION

The typical results of the retenti on studies are illustrated in Fig. 2 where the
percentage retention of the stationa ry phase relat ive to the total column capacity is
plotted against the rotational speed of the column. The several lines drawn in each
diagram indicate the effect of different flow-rates. Retention near 50 %is considered
to be ideal while lower levels of retenti on can be suitable for separations if the inclina­
tion of the curve is near horizontal which insures a stable retention of the stationary
phase upon fluctu ation of the rot ational speed.
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Fig. 2 shows retention in the large coil (2.5 em 0.0. core) mounted in the outer
position of the column holder for the lower non-aqueous phase (A) and the upper
aqueous phase (B). As is clearl y observed, the retent ion levels of the non-aqueous
phase are substantially lower than tho se of the aqueous phase thro ughout the applied
rotationa l speeds. Thi s higher level of retention pr odu ced by the aqueous phase may
be largely attributed to its grea ter affi nity to the glass wall of the column. Th e effects
of the flow-rate on the retent ion of the stat ionary phase are also clearly shown in these
diagrams ; the slower the flow, the higher the retent ion levels. Figs. 2C and 0 similarly
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Fig. 2. ( Continued on p . /76)
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Fig. 2. The effect of rotational speed a nd flow-r at e on stationa ry phase. Large co il in outside
position : A, non-aqueous stationary ph ase ; B, aqueou s stationary phase. Small coil in out side
position : C, non- aq ueo us sta t ionary phase ; D , aq ueous station a ry pha se.

show the reten tion levels in the small coil (1.25 em 0.0. core) mounted in the outer
position of the column holder for both stat ionary phases. The data clearly show that the
retention levels pro duced by the small coi l is substantially higher than those by the
large coil for both non-aqueous and aqueous stationary phases. Th is may indicate that
in the small core coil the linear velocity relativ e to the gravity becom es smaller resulting
in less violent mixing of the two phases and, therefore, higher levels of phase retention
a t a given rotation al speed occur.
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SEPARATION OF DNP AMINO ACIDS
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Fig. 3. The effect of rotational speed on the parti tion efficiency in the separation of DNP am ino acids.

Dat a obta ined with the sa me columns mounted in the inner position of the
column holder gave similar results. Overall results indicate tha t sati sfactory retent ion
levels can be obta ined with either type of coi ls und er a wide range of rotationa l speeds
and flow-rates.
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Fig. 3. summarizes the results of DNP amino acid separation with a single coil
mounted in the outer position of the column holder under a flow-rate of 120 ml/h. In
each diagram, partition efficiency can be easily estimated by the resolution of the two
peaks. In all groups the efficiency sharply increases as the rotational speed increases
from 0 to 40-60 rpm , where the peak resolution becomes maximum . Further increase
of the rotational speed to 80 rpm results in the loss of peak resolution. The optimum
rotational speed thus ranges from 40 to 60 rpm for all groups. The highest peak resolu-
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Fig. 4. Prep arati ve-scale separations of DNP amino acids with a long coiled column. A, non -aqueous
stationary phase; B, aqueous stationary phase.



PREPARATIVE COUNTER-CURRENT CHROMATOGRAPHY 179

tionis givenby the large coil while the small coil could yield much higher resolution if
two coils are connected to make the capacity equal to that of the single large coil. The
results obtained with a higher flow-rate of 240 mljh yielded less efficient separations in
both small and large coils compared with those produced at 120 ml/h. The results
obtained from the coils mounted in the inner position of the holder gave separations
similar to those produced by respective coils mounted in the outer position of the
column holder.

The preparative capability of the present counter-current chromatographic
scheme was demonstrated by the separations of I-g samples with a long column
consisting of 10 large coils connected in series in the outside position. The separations
were performed at a 120 ml/h flow-rate using both non-aqueous and aqueous station­
ary phases. Fig. 4A shows a chromatogram obtained at the optimum rotational
speed of 40 rpm by using the non-aqueous phase as the stationary phase. The two
DNP amino acids were completely resolved as symmetrical peaks and eluted out
within 9 h. The partition efficiency calculated according to the standard formula':'
gives 1250 theoretical plates (T.P.) for the first peak and 880 T.P. for the second peak.
Fig. 4B shows a similar chromatogram obtained at 60 rpm using the aqueous phase
as the stationary phase. Because of higher aqueous phase retention, the peak resolu­
tion is much greater than that of the separation using the non-aqueous phase as
stationary. The partition efficiency in the latter separation gives lower figures of
1000 T.P. for the first peak and 830 T.P. for the second peak.

The present scheme enables preparative-scale separation with a simple, com­
pact apparatus. Separations are performed without the presence of solid supports
and, therefore, complications such as sample loss, contamination and tailing of the
solute peaks are minimized. The scheme yields high partition efficiency comparable to
liquid chromatography while retaining high reproducibility and predictability in­
herent in the Craig counter-current distribution method. Because of its simplicity and
mechanical stability, the present scheme can be further scaled up for large-scale
industrial separations.
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SUMMARY

Relationships have been derived for th e first absolute and th e second and th ird
central moments of the chromatographi c curve from a non- isobaric column for the
Kubin and Kucera model (ax ial dispersion , externa l diffusion , internal diffusion , rate
of adsor pt ion). Th e dependence of the axial dispersion coefficient , mass tran sfer
coefficient and effective d iffusion coefficient on the pressure or carrier gas velocity is
taken into account. In express ing the internal diffusion , the transition region between
Knudsen and bul k diffusion is considered . By using the relat ionships for the moment s,
the dependence of the plate height on the carrier gas veloc ity is expressed (a modified
Van Deemter equation for the non-isobaric case). If the ra te of adsorption is not
significant and internal diffusion tak es place in the bulk region, it is possible to use
the isobaric form of the Van Deemter equation with a corrected plate height.

INTRODUCTION

The driving for ce for the flow of a carrier gas through a packed chroma to­
graphic column is the pressur e drop, Llp (LIp = Po - Pe, where Po and Pe are the
column inlet and outlet pressur es, respect ively). Consequentl y, the pressure p(z)
decreases and the interstitial linear velocity v(z) increases along the column since
because of the constancy of carrier gas mass flux, the following relat ionship holds'
(on the assumption of ideal behaviour of the carrier gas) :

p(z) v(z) = pel'e = constant (1)

Recently, gas chromatography has been increasingly employed to determ ine
the physico-chemical and chem ical engineering parameters of rate processes taking
place in a packed column. Th erefore, it is necessary to include into the relevant
relationships also the effect of vary ing linear velocity and pressure of the carrier gas

• The change in total mass flux due to the injected substa nce is con sidered to be negligible.

0021-9673/81/0000- 0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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because a number of parameters depend on these quantities (axial dispersion, external
diffusion, internal diffusion).

So far attention has been paid, from this point of view, to some simpler models
of processes in chromatographic columns (see, e.g., refs . 1-4) or a solution has been
obtained by using simplifying assumptions". For the most general model of gas chro­
matography (the Kubin and Kucera model":"), the expression for the first absolute
moment of the outlet chromatographic curve has recently been obtained by Carleton
et al.",

The aim of this work is to express the first ab solute (,u~) and the second and
third central moments (f-l2' f-l3) of chromatographic curves in a non-isobaric column
for the Kubin and Kucera model.

THEORETICAL

Pressure and velocity profiles
Even at relatively high carrier gas velocities, the Reynolds number in a packed

column is usually low so that the Darcy equation is sufficient for the description of
the carrier gas flow:

N = B* (pif-l) (IIR gT) (-dpldz) (2)

where N is the molar density of the carrier gas flow, R, the gas constant, T the absolute
temperature, f-l the viscosity of the carrier gas, B* a constant characteristic of the
packed column and z the length coordinate of the column (z = °at the inlet, z = L
at the outlet). On integrating this equation, we obtain the following expression for
the dependence of pressure and linear velocity on the position in the column:

or

p(z)IPe = velv(z) = [1 + (2f-lLaveIB*Pe) (1 - ~)f'2

p(z)IPe = velv(z) = [1 + (P 2 - 1) (1 - ~)f'2

(3)

(4)

where the subscript e denotes the values at the column outlet and P is the relative
pressure at the column inlet (P = PoIPe).

Non-isobaric column
If we divide the chromatographic column into differential segments of length

dz, the pressure and velocity of the carrier gas can be considered to be constant in
each segment. The contributions to moments due to a differential segment dz are
therefore the same as in an isobaric column in which the velocity and pressure are
v(z) and p(z), respectively, and in which an identical shape of the input signal is used.
Therefore,

')' rd.f-ln(L - f-ln(O) = 0 dz {f-ln)isobar dz (n = 0, 1,2, ...)

L d
f-ln(L) - f-ln(O) = J d/f-ln)!SObar dz (n = 0, 1,2, ...)

(5)

(6)
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where fl~ and fln denote the nth absolute and central moment, respectively, of the
chromatographic curve at the position z[J1~(L) and fliL) are the moments of the outlet
chromatographic curve at z = L] and the subscript isobar denotes the moments for
a column with a negligible pressure drop.

The moments fl~ and fln for the isobaric and non-isobaric cases are defined in
the usual way as

fl:(Z) = t' tne(z,t)dtj re(z,t)dt (n = 0, 1,2, ... ) (7)
o 0

00 00

fln(z) = I (t - fl;re(z,t)dtj I e(z,t)dt (n = 0,1,2, ...) (8)
o 0

where e(z,t) is the time dependence of the concentration of an injected substance at
the position z.

Regardless of the pressure conditions in the column, for an input signal in
the shape of a rectangular pulse of width to it holds that

(9)

If we use an input signal in the form of a Dirac function, all of the input moments
are zero:

fl~(O) = fln(O) = 0 (n = 1,2, ...) (10)

Kubin and Kucera isobaric model
In the Kubin and Kucera model, the processes in a chromatographic column can
be described by the following mass balances of the injected substance'':? .9.10:

column

E(iJZejoz2) - v(ocjoz) - (oejot) - (3y jfJ) (DjR) (oqjor IR) = 0

particles of the column packing:

D[(o2qjor2)+ (2jr) (oqjor)] - fJ(oqjot) - (!p(owjot) = 0

(11)

(12)

Because of the low concentration, a linear rate equation is assumed for the rate of
adsorption of the injected substance:

(13)

If the adsorption is in equilibrium, this equation turns into the linear (Henry) adsorp­
tion isotherm.

The partial differential eqns. 11 and 12 are supplemented by the following
boundary and initial conditions:

D(oqjor!R) = kc[c - q(R)]

r = 0 oqjor = 0

t ~O c=q=w=O

z = 0 t > 0 e = co(t)

(14)

(15)

(16)

(17)



184 o. PAZDERNfK, P. SCHNEIDER

In eqns. 11-17, c and q denote the molar concentrations of the injected substance in
the carrier gas in the space between the particles of the packing and in the pores of
these particles, respecti vely, Ii' is the molar amount of injected substance adsorbed
per unit mass of packing particles, r is the length coordinate of the spherical particles
of the packing (r = 0 at the centre, r = R at the external surface), tis the time from
the beginning of input signal , E is the axial dispersion coefficient , which is usually
expressed as

E = UN7:) + x R v (18)

!0 is the binary bulk diffusion coefficient of the injected substance-carrier gas pair,
7: is the tortuosity of the space between the particles of the packing, x is a numerical
coefficient characterizing the contribution of turbulent diffusion to axial dispersion,
R is the radius of the particles of the packing, k d and K are the rate constant of
desorption and the dimensionless equilibrium constant of adsorpt ion of the injected
substance on the internal surface of the particles of the packing, respect ively, k, is
the mass transfer coefficient of the injected substance between the bulk of the carrier
gas and the external surface of the particle, D is the effective diffusion coefficient in
the packing particle, a is the external porosity (void volume between particles per
unit column volume), fJ is the internal porosity (pore volume in a particle per unit of
its volume) and y is the ratio of the void volume in the particle (pores) to that between
particles [y = (1 - a)fJ/a].

By solving the system of eqns. 11 -17 by Laplace transformation, it is possible
to obtain the following expressions for moments6 •7 •9 •11, 12 :

[,u~(Z)] I SObar = ,u~(O) + (z/v) (I + 00) (19)

[,u2(Z)]lsobar = ,u2(O) + (2z/v) [01 + (E/v 2) (1 + <50)2] (20)

[,u3(Z)]lsobar = ,uJ(O) + (6z/ v) [<52+ 2(E/V2)01(1 + <50) + 2(E/V2)2(1 + 00)3] (21)

where
<50 = y(1 + K) (22)

01 = Oa + Of + 0d (23)

Oa = (o; /y) (K/kd) /(l + KY = yK/kd (24)

Of = (o~/y) (RfJ/3kc) (25)

0d = (o~/y) (R 2fJ/ 15 D) (26)

O2 = [oi + (3/7) O~ + (o~/K)JIOo (27)

Non-isobaric model
Under non-i sobaric conditions it is necessary to take into account the change

in the carrier gas veloc ity along the column and, simultaneously, the corresponding
changes in transport parameters which depend on the carrier gas velocity or pressure.
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Using eqn . 18 for the description of axial dispersion, then, with respect to
eqn. I and to the fact that ~ R;:! l ip, it holds that

EIEe = vlv, = Pelp (28)

The mass transfer coefficient, k e, is usually correlated in the form of the Sher­
wood number with the Schmidt and Reynolds numbers, i.e., as Sh = f(Re,Sc). Here
neither Re nor Sc depends on the position in the column [Sc = (Sc)e, Re = (Re)eJ,
so that Sh = (Sh)e and hence

(29)

With internal diffusion the situation is more complicated. If diffusion takes
place in the Knudsen region the effective diffusion coefficient does not change along
the column and D = De. If diffusion occurs in the bulk region then DIDe = vlv, =
Pelp. For the transition between these regions it is therefore possible to write approxi­
mately

(30)

where m takes values between 0 and I (m = 0 in the Knudsen region, m = I for the
bulk diffusion). With the exception of porous particles containing only very narrow
pores in which the Knudsen diffusion occurs (see, e.g., ref. 9), it can be expected that
the diffusion transport will take place mostly in wider transport pores (see, e.g.,
refs. IO and 13) close to the bulk region.

The parameters describing the rate and equilibrium of adsorption of an injected
substance (k d , K) do not depend on the pressure and velocity of the carrier gas.

Non-isobaric moments
By integrating according to eqns. 5 and 6 on using relations 19-21 and depen­

dences 28-30, it is possible to obtain the following relationships for the moments of
the outlet chromatographic curve from a non-isobaric column:

(31)

I1lL) = 112(0) + (2Llve) [ftt5a + j;(t5f)e + fm+l (t5d)e + j; (Eelv;) (I + t50)2J (32)

l1iL) = ,uiO) + (6Llve) {(I/t5o)[ftt5~ (I + K)IK +h (t5 f )/ + (IO/7)f2m+l (t5 d) ; +
+ 2t5a(f2 (t5f)e +r.: (t5d)e) + 2fm+2 (t5f)e (t5 d )eJ + 2(Eelv;) (I + t5o) [J;t5a +

+ Im+2 (t5 d)e +h (t5f)eJ + 2/3 (Ee/l ,;)2 (I + t50n (33)

where t50 and t5a are given by eqns. 22 and 24 and

(34)

(35)
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The correction factors Ik(k = 1-3) can be expressed as functions of the rela­
tive inlet pressure, P :

1

Ik = f (velvl d(zIL) = [2/(k + 2)] (pk
+

2
_ 1)/(P 2

- I) (36)
o

The dependences Ik vs. P are illustrated in Fig. 1; it can be seen that the correction
factors can take comparatively high values. It can also be seen that for lower P holds
j;,(P) ~ [/l(P)]~.

5O,----.--,----.----,,-..,..----y---..,..----y---=7#"",

40

30

20

10

P

Fig. 1. Correction factors for moments.
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First absolute mom ent. The factor It in eqn. 31 for ft~(L) is identical with the
James-Martin correction for retention times l 4

•
15 and has recently been derived by

Carleton et al.8 for the Kubin and Kucera mod el by solving a system of balance equa­
tions for a non-i sobaric column. On introducing the corrected linear volocity Vcorn as

(37)

the dependence [ft~(L) - ft~(O)] VS . L l vcorr must be linear and pass through the origin
as in the isobaric case (cf., eqn. 19). From the slope of this dependence it is possible
to determine the adsorption parameter, 00' or the equilibrium adsorption constant
of injected substance, K.

From a comparison of first absolute moments in the non-isobaric (P > 1) and
isobaric (P = 1) cases at the same outlet velocity, Ve , it follows that ft~(L) in the non­
isobaric case is always higher becau se11 > I. This is a consequence of lower linear
carrier gas velocities in the upstream parts of column in comparison with Ve •

Second central moment. Under otherwise identical conditions, at the same
velocity Ve , the second central moment in the non-isobaric column is always higher
than in the isobaric case (corrections/1,12,l m+l > I). The existence of a pressure drop
consequently contributes to the peak spreading. The relative increase in the contri­
butions of axial dispersion and external diffusion is the same; the increase in the
internal diffusion contribution depends on the region in which internal diffusion takes
place (parameter m). With bulk diffusion (m = I), this increase is the same as for
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axial dispersion and external diffusion. If the Knudsen diffusion is significant (m < 1)
the contribution of internal diffusion decreases.

If adsorption is very rapid (oa~ 0) and internal diffu sion is of the bulk type
(m = 1), the relative increase in the second central moment due to the pressure drop
in the column is / 2- 1. Consequently, at P = 1.I, 1.5 and 2 it represents 10.5 %,
62.5 %and ISO %, respecti vely.

Third central moment. The third central moment, fl3{L) , characterizes the
asymmetry of the outlet chromatographic curve. It is evident from eqn. 33 and from
the values of the correction factors in Fig. 1 that the pressure drop increases the
asymmetry con siderably. For instance, for oa~ 0 and internal diffusion in the bulk
region (m = 1), the relative increase in the third moment compared with the isobaric
value is 13 - 1. Thus, for P = 1, 1.5 and 2 it amounts to 16.3 %, 11I %and 313 %,
respectively. The increase in contributions to the third moment due to the external
and internal diffusion and axial dispersion is the same as with the second central
moment.

Plate height. When evaluating the parameters of processes taking place in a
chromatographic column, the plate height, H, is often used. It is defined as

(38)

The dependence of H on the carrier gas velocity, Ve , can easily be obtained even in
the non-isobaric case by combining eqns . 38 and 18 and 31 and 32 in the form

where

A = 2 'XR

B = 2 ~e/i

C = Cagl + Cfg 2 + Cdgm+l

Ca = 2 oa/{1 + ooY

c, = 2 {of)e/(I + 00)2

Cd = 2 (Od)e/(I + 00)2

and the corrections gk (k = 1-2) are defined as

gk = h /iI = [9/{2k + 4)] (P2 - 1) (pk+2 - I)/{P3 - 1)2

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

The dependence gk{P) is illustrated in Fig. 2', Eqn. 39 is related to the modified Van
Deemter equation, into which it turns in the isobaric case (P = 1, i.e., gl = g2 =
gm+l = I),

• The slight dependence of g 2 on P is a consequence of the approximate validity of the relation­
ship Ji "'" /,2 (g2 = Jill? "'" 1).
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Fig. 2. Correction factors for the Van Deemter equation (eqn. 38).

The contributions to constant C (eqn. 42) change in the non-isobaric case in
a different way. In comparison with the isobaric case, the contribution of the rate of
adsorption diminishes (Cog!; g! < I), as the contribution of internal diffusion
diminishes in the case when the Knudsen diffusion plays a more significant role
(Cdgm + ! ; e.g., for m = 0.5 gl.5 < I). The contribution of external diffusion (CfgZ) is
influenced only slightly by the change in the pressure drop over the column (e.g.,
for P = 5, gz = 1.095); the same holds for internal diffusion in the bulk region (CdgZ) .

Likewise the terms characterizing the turbulent (Agz) and the diffusion (Bg z) parts of
axial dispersion change slightly.

It often occurs that the rate of adsorption plays a negligible role (Co ~ 0) and
the internal diffusion in close to the bulk region (m ~ 1). Then it is possible to rewrite
eqn. 39 in the form

(47)

The corrected plate height, Hjgz, therefore exhibits a dependence on velocity, v.,
identical with that for isobaric conditions. Since for P < 5 the correction function gz
differs from 1 at most by 10%, it is possible to use, in a rougher approximation, the
uncorrected values of H on the left-hand side of eqn. 47.

CONCLUSION

Using the relationships for moments of outlet chromatographic curves in non­
isobaric columns, it is possible to estimate the effect of pressure drop on the separation
efficiency of the column: the retention times [~.u;(L)] of components of the separated
mixture increase in the same way (factor ;;); however, the peaks are simultaneously
spread [~.uzCL)] and their asymmetry is increased [~.ulL)]. Consequently, partial
overlapping of peaks takes place and the quality of separat ion is reduced.

The presence of pressure drop does not cause any problems in chromato­
graphic measurements aimed at evaluating the adsorption equilibrium constant of
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an injected substance (K in the parameter 00 , eqn. 22). Provided that the corrected
carrier gas velocity , Veo", (eqn. 37) is used, it is possible to evaluate the parameter 00

from the dependence [.u~(L) - .u~(0)] vs. Ljveorr in the same way as under isobaric
condit ions.

A more complicated situation occurs when it is necessary to evaluate transport
parameters by using higher moments of outlet chromatographic curves or plate
heights. Then we usually sta rt from the measurements at a number of linear velocities
andjor particle sizes of the packing and a graphical procedure or numerical fitting of
experimentally determined moments is used . Eqns. 32, 33 and 39 contain, in addition
to constant parameters, the correction functionsj', and gk (eqns. 36 and 46), which are
expressed through the easily measurable inlet pressure. Then it is necessary to express
P in eqns. 36 and 46 from the relationship

(48)

which follows from eqns. 2 and 3. Further, it is necessary to express the dependence
of E, on Ve, e.g., by using eqn . 18', and the dependence of (k e)e on Ve by employing
the chemical engineering correlations for packed beds. As external diffus ion usually
represents a negligible resistance, the last step is not decisive.

Under the usual conditions, adsorption is in the vicinity of equilibrium
(oa -? 0), external diffusion plays only a negligible role and transport in the packing
particles takes place mostly in wide transport pores (m - )- I). Then it is possible to
evaluate easily the effective diffusion coefficient, De> from the slope oflinear asymptote
of the dependence of Hjg2 vs. Ve for higher linear velocities of the carrier gas (Cd'
eqn. 45). For the usual pressure drops the correction g2 can also be omitted and the
part of the dependence H VS. Ve for higher velocities can be used directly.

The validity of eqns. 5 and 6 is substant iated by the additivity of moments.
Further proof follow s from the identity of correction functions it and 12obtained for
the case of a linear pre ssure decrease along the column with corrections obtained via
the exact solution of the non-isobaric column material balance (partial differential)
equations; for thi s simple pressure profile this can be easily done in a manner similar
to that proposed by Carleton et al",

SYMBOLS

A,B,C
B*
c(z,t)

E

term of the Van Deemter equation (em, cm 2jsec, sec)
constant characteristic of the packed column (cm 2jsec)
time dependence of the concentration of the injected substance at position
z in the interstitial volume (mol/em")
contributions to the con stant C in the Van Deemter equation (sec)
binary bul k d iffusion coefficient (cm2jsec)
effective diffusion coefficient of injected substance in particles of the pack­
ing (cm2jsec)
axial dispersion coefficient (cm2jsec)

, This dependence is already incorporated in eqn. 39.
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r

z
a

m

fJ
y

R
Rg

Re
Sc
Sh
t
to
T
v, v(z)
w

N
P, p(z)
P
q

correction factor, eqn. 36
correction factor, eqn. 46
plate height (ern)
mass transfer coefficient (ern/sec)
desorption rate con stant for the injected substance (sec- I)
adsorption equilibrium constant for the injected substance
column length (em)
exponent, eqn. 30
molar density of the carrier gas flow (mol/cmv-sec)
column pre ssure at position z (dyn/cm')
relative pressure at the column inlet (P = PO/Pe)
concentration of injected substance in pores of the particles of the packing
(mol /em:')
length coordinate in spherical packing particle (em)
radius of the particles of the packing (em)
gas con stant (erg/mol' OK)
Reynolds number, Re = 2Rve//-l
Schmidt number, Sc = /-le/ ~
Sherwood number, Sh = 2Rkc / ~

time (sec)
width of the input rectangular pulse (sec)
absolute temperature CK)
interstitial carrier gas velocity at position z (em/sec)
molar amount of injected substance adsorbed per unit particle mass (mol/g)
length coordinate of column; z = 0 at inlet (em)
external porosity
internal porosity
ratio of void volume in particle (pores) and between particles; y =
(1 - a)fJ/a

00 contribution to moments
0a,oa,of,b1 contributions to moments (sec)
152 contribution to moments (sec')
x numerical coefficient (eqn. 18)
/-l carrier gas viscosity (g/cm -sec)
/-l~(z) nth absolute moment at position z (seen)
/-In(z) nth central moment at position z (seen)
e carrier gas density (g/cm")
ep apparent packing density (g/cm")
T tortuosity of the interparticle space

Subscripts
o column inlet
e column outlet
isobar negligible pressure drop
a adsorption
d internal diffusion
f external diffusion
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DETERMINATION OF ACTIVITY COEFFICIENTS AT VERY LOW CON­
CENTRATIONS BY THE INERT GAS STRIPPING METHOD'

B. DOLEZAL* and M. POPL

Department of Instrumental Analysis, Institute 0/ Chemical Technology, 166 28 Prague 6 ( Czechoslo­
vakia)

and

R.HOLUB

Department of Physical Chemistry, Institute 0/ Chemical Technology, 166 28 Prague 6 ( Czechoslo­
vakia)

SUMMARY

Based on a theoretical concept of changes in solute concentration brought
about by the passage of an inert gas, a measuring apparatus was set up and a satu­
ration vessel devised that alters the equilibrium between the liquid and gaseous phases.
The inert gas flow-rate was optimized. Two variants of the experimental procedure
were tested on n-pentane and n-octane. The results obtained on passage of the pure
inert gas were within the limits of error of the results obtained by employing pre­
saturation.

The proposed method is not too laborious and is easy to perform; on the
other hand, the period required for the necessary decrease in concentration is very
long (up to several days).

The pre-saturation variant can be used when highly volatile solvents are
involved, whereas the other variant has to be used if trace amounts of impurities in
the solvent could affect the concentration of the solute in the solution being measured.

INTRODUCTION

Activity coefficients of components at infinite dilution are important thermo­
dynamic quantities used in the characterization of phase equilibria. There are a
number of methods (in chromatography they are "static" methods) for the determi­
nation of activity coefficients of solutes in finite concentrations; their extrapolation
to the concent ration limit s, however, is usually inaccurate or completely unsuccessful.
A common procedure for the determination of the y O:> values is the "retention time
method" in gas-liquid chromatography (GLC), based on a thermodynamic charac­
terization of the equilibrium between the solute and the solvent in a GLC column.

• Presented at the 6th Internat ional Symposium "Advances and Application a/ Chromatography in
Industry", Bratislava, September 16-19, 1980.

0021-9673/81 /0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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Experimental and calculation correlations have been proposed for obtaining the true
values of the coefficients from experimental data ; however, it is not always poss ible
to evaluate adequately the effect of adsorption on the gas-liquid or liquid-solid
interface. From this point of view, the inert gas stripping method! appears to be
suitable for the determination of the limiting activity coefficients for very low con­
centrations of the solute, because the solvent surface area to weight ratio is negligible
compared with that in a GLC column.

THEORETICAL

In accordance with the general procedure presented elsewhere':", relationships
between the results of chromatographic analysi s of the solute and solvent and the
volume of inert gas passed were derived:', based on a thermodynamic description of
the solute (l )-solvent(2)- inert gas(3) system.

Balance of the components leaving the solution
Th e relationship between the instantaneous solution composition and equi­

librium gaseous phase can be expressed using Raoult's and Henry's laws (assuming
Xl ~ 0, X 2~ I, X3 ~ 0):

r: = Xl yJl
O

r: = xd~

(1)

(2)

(3)

wherefi (i = 1,2,3) is the fugacity of component i in the system outlet,f? (i = 1,2) is
the fugacity of the pure component at the system temperature, Yl is act ivity coefficient
of the solute at a given composition and temperature of the liquid phase, H 3•2 is
Henry's constant for inert in pure solvent,

(4)

(i = 1,2,3), X i is the molar fraction of component i in the liquid phase and nl , n2 and
n3 are moles of solute, solvent and dissolved inert gas, respectively, in the solution.

The system fugacity is given approximately as the sum of fugacities of the
components according to eqn, 1, 2 and 3 :

(5)

and then

(6)

(7)
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where dnl and dnz are infinitesimal masses of solute and solvent leaving the solution
simultaneously with dn; moles of inert gas. Further,

dn- = dn; + dnz+ dn;-

From eqns. 6-8 the relationship

(8)

(9)

can be obtained, which, in combination with eqns. 4 and 6 and eqns. 4 and 7 gives the
explicit expression for the instantaneous solution composition and leaving gaseous
phase :

or

dn- = If . dn~
2 1- A

where

(10)

(11)

(12)A = I _I! + (1 - Yl . I!)~ +~
I I n2 n2

Balance 01 the components entering the solution from the overall balance
There are two main possibilities: either pure inert gas is used':" or the inert

gas is saturated with solvent vapour so that loss of the solvent is prevented. In view
of the assumption of a highly dilute solution, most of the quantities in eqns . 10 and 11
can be regarded:' as independent of concentration and their values approximated by
those occurring at the beginning of the measurement. The factor Yl in eqn. 12 can
be considered as a correlation factor, as the effect of all the terms except I - I~/f- on
A is virtually negligible.

Passage 01 pure inert gas
In this instance

(13)

(14)

(15)dn;- = dni - h- . dn2
H 3 •2

where the superscript + refers to entering the solution. Combining eqns. 10 and 11,
we obtain

(16)
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where n1(nt) and nlnt) are functions of the masses of the inert gas that entered the
solution during the experiment. The change in the mass of the solute can be obtained
fairly accurately by measuring the areas, Sl, enclosed by the chromatographic elution
peaks of the substance; the decrease in the mass of solvent has been described by
Burnett", With this arrangement, Yl can be expressed as

(17)

where (0) denotes the quantity in question at the beginning of the experiment and
(nt) denotes the value after the entry of nj moles of pure inert gas into the solution.

Passage of inert gas saturated with solvent vapour
The inert gas saturated with solvent vapour is fed into the solution under

conditions such that changes in amount of solvent are prevented. There is only one
significant difference in the conditions with pre-saturation and the use of a saturation
vessel, namely the pressure. The effect of this difference is offset by a corresponding
rise in temperature:

(18)

where + refers to the values in the pre-saturator and to those in the saturation
vessel.

The change in the mass of the solute (eqn. 10), can be found accurately by
GLC analysis; the activity coefficient for very low concentration can be written as

(19)

EXPERIMENTAL

n-Pentane was obtained from Carlo Erba (Milan, Italy), n-octane from VEB
Laborchemie (Apolda, G.D.R.) and carbon tetrachloride from Lachema (Brno,
Czechoslovakia).

The two variants of the method were tested on the n-pentane( I)-n-octane(2)
system using nitrogen(3) as the inert gas. Each experiment consisted of 20-30 analyses,
in which the amount of inert gas passed was read, two or three injections were made
in rapid succession and the nj value was read again and averaged with the preceding
one. This sequence was performed approximately ten times. The concentration
dependence of YCCl, in C, was obtained based on analogous procedures.

The experimental data required for the determination of ylX) based on eqn. 17
or 19 were measured on the apparatus depicted in Fig. I. Its basic unit was the satu­
ration vessel (5), depicted in Fig. 2.

The volume of solution measured was approximately 130-140 ml. The coil
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Fig. I. Apparatu s. 1 = Pressure vessel containing the inert gas; 2 = gas flow control ; 3 = pre­
saturator; 4 = rotating permanent magnet; 5 = saturation vessel ; 6 = pr oportioning valve; 7 =
capacity vessel; 8 = manostat ; 9 = pressure vessel containing the carrier gas; 10 = gas chromato­
graph.

4 9

Fig.2. Saturation vessel. I = Open flask ; 2 = coil filled with glass bead s ; 3 = PTFE screw bush;
4 = PTFE screw; 5 = capillary of inert gas inlet; 6 = sampling device; 7 = vapour pha se outlet ;
8 = thermostated wate r inlet ; 9 = thermostated water outlet.

(I.D. 7 mm) was filled with glass bead s 3-3 .5 mm in diameter. The circul ation of the
solution through the coil (0.2 mlJsec) with a counter-flow of the inert gas was pro vided
by a rotating PTFE screw applying a flow-rate of the inert gas such that equilibrium
between the liquid and vapour phases could be established.

The inert gas was fed from a pressure vessel (I, Fig. I) of volume 37.721,
allowing precise control of the overpressure from 0.01 to 0.19 MPa.

With n-pentane the analysis was performed on a Chrom 4 gas chromatograph
with a flame-ionization detector (FlO). The column dimensions were 3.5 m X 3 mm
I.D., the support was Chromaton N AW DMCS (0.125-0.160 mm) wetted with 5 wt. %
of Apiezon L, the column temperature was 343.15°K, the carrier gas was nitrogen
and the overpressure was 0.06 MPa. In the FID the flow-rates of hydrogen and air
were 0.5 and 5 ml/sec, respectively. Analysis of carbon tetrachloride was carried out
on a home-made gas chromatograph with a Carlo Erba HT 20 electron-capture
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detector. The column dimensions were 2.4 m x 3 mm J.D., the packing was the same
as above (0.1-0.125 mm), the column temperature was 338.15°K, and the carrier gas
was nitrogen, free from oxygen and water, at a flow-rate of 0.33 ml/sec.

RESULTS AND DISCUSSION

Testing the method
The dependences of log Sl(nt) on nj or on log (I - constant· nt) were ob­

tained experimentally (see Tables I and II, respectively), based on 20-30 analyses each.
As the assumption of linearity of the dependences proved to be justified, the corre­
sponding straight lines were constructed by applying the least-squares method, the
slopes were determined and the error of the slopes was estimated", For the pre­
saturation method, the pre-saturator temperatures were calculated by using eqn. 18,
which has been proved" not to introduce a significant error.

TABLE I

LOG S, USING VARIANT WITH PRE-SATURAnON

System: n-pentane (l)-n-octane (2)-nitrogen (3). Conditions: T- = 293.15°K; P- = 0.101325
MPa; n2(0) = 0.79506 mol; T+ = 293.43°K; P+ = 0.103191 MPa. Average flow-rate of nitrogen =

dlog S,(nj)
0.182 ml/sec, Slope: - - = -0.295622 ± 0.003529.

dnj

Average value ofn" (mol) log S,

1st charge 2nd charge 3rd charge

0 3.56632 3.55712
0.20408 3.48671 3.48825
0.27612 3.44932 3.45165 3.45309
0.34135 3.43783 3.43953
0.60994 3.37262 3.37087
0.77952 3.33304 3.32945 3.33126
0.85771 3.29403 3.29296
1.09646 3.23629 3.22575
1.16767 3.19117 3.20063 3.19526
1.31833 3.13956 3.15254 3.14605
1.38210 3.12613 3.13518 3.13387
1.74945 3.04805 3.02965
1.92961 2.98046 2.97823 2.98162

- - - -._-_ ._ ~---_._-~----_.-

The dependence of the slope per unit amount of the solvent on the flow-rate
of the inert gas (Table III) indicates the optimal nitrogen flow-rate to be 4· 10- 6_

8· 10- 6 mol/sec, or 0.1-0.2 ml/sec, The data necessary for the calculation of the y
value from eqn. 17 or 19 were obtained as follows: the fugacities were calculated from
the second virial coefficients, the P? and Vk (molar critical volumes) values were
determined according to Vorika et al>, the Bu (virial coefficient) values for the alkanes
and CC14 were calculated according to McGlashan and Potter" and for nitrogen the
value was estimated according to Brewer and Vaugh7 ; Bij R::i (B u + B jj ) 1/ 2 ; H3,2 was
assigned the approximate value 77.4 MPa (ref. 8). The errors in the determination of
fgs,fgs,fgCI4 and j':: were 0.85,2.5,0.2 and 0.21 %, respectively.
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TABLE II

LOG S, USING VARIANT WITHOUT PRE-SATURATI ON
System : II-pentane (Ij-n-octane (2)-nit rogen (3) . Co nditio ns : T': = 293.15°K ; p- = 0.101325 MPa ;
11,(0) = 0.82268 mol. Average flow-rate of nitrogen = 0.163 ml jsec.

Slope: :o-:[;-do;'~t:) ;;< r,-l = 40.8361 ± 0. 3287.

A- -' ­r: H 3 , 2

1st charge Znd charge 3rd charge

o
- 0.000342
- 0.000522
-0.000950
- 0.004289
- 0.004355
- 0.005543
-0.005587
-0.008285

3.35027 3.34982
3.33143 3.33085 3.33062
3.32163 3.32111 3.32330
3.30442 3.30492 3.30527
3.17162 3.17280 3.17223
3.15770 3.16125 3.15995
3.12368 3.12188
3.11878 3. 11633 3.11585
3.0 1063 3.00556 3.00 109

TABLE III

DEPEND ENCE OF SLO PE ON IN ERT GA S FLOW-RATE

System : l1-pentane (I )- I1-octane (2}-n itrogen (3) . Experi ment temperatu re, 293. 15'X; pre -satura tor
temperatu re, 293.43 °K; experiment pressure, 0. 101325 MPa.

Nitrogen flow-rate
(mllsec)

0.097
0.182
0.200
0.253
0.290
0.385

dlog S,
112(0) .

dl1j

(mol)

- 0.23452
- 0.23504
-0.23536
- 0.23365
- 0.216 15
- 0. 16900

The error of the determination of 112(0) is negligible and th at of the determi­
nation of A is about 0.05 %. Fo r an analysis of th e errors, th e depend ences of the
slope per un it amount of solvent on pressure and temperature were esta blished
experimentally by applying the optima l flow-rate (Tables IV and V, respect ively). For
absolute errors with measurements of temperature of LIT ~ O.02°K and pressure of
LI P ~ 70 Pa, the inaccuracy in the temperature measurement leads to a relative error
of 0.068%and the inaccuracy in the pressure measur ement and sta bilizatio n results
in a relati ve erro r of 0.073 %.

Based on the result s of measurements given in Tables T and II , the values of
the activity coefficient s were calculated for n-pentane and n-octane at 293.15 °K and
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TABLE IV

DEPENDENCE OF SLOPE ON THE SATURATOR PRESSURE
System: n-pentane (l j-n-octane (2)-nitrogen (3). Experiment temperature, 293.15°K ; pre-saturator
temperature, 293.43°K; flow-rat e of N j, 0.1-0.2 ml/sec.

Saturator pressure
(kPa)

100.0
101.325
103.3

( mol )

-0.23895
-0.23504
-0.23052

----- -- - - - - --- -

TABLE V

DEPENDENCE OF SLOPE ON THE EXPERIMENT TEMPERATURE

System: n-pentane (l)~n-octane (2)-nitrogen (3). Experiment pressure, 0.101 325 MPa ; flow-rate of
N2 , 0.1-0.2 ml/sec, -
- - - - - -- - - - -

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

Pre-saturator
temperature
( OK)

288.47
290.93
293.43
295.94
298.45

Saturator
temp erature
( OK)

288.15
290.65
293.15
295.65
298.15

n,(O) ' dlog S.
dn3 +

( mol )

- 0.19513
- 0.21458
- 0.23504
- 0.25754
- 0.28410

- --- - --- - --

a mean molar fraction of Xl = 0.0001. The error was derived from the statistical
error of the slope and the errors of the various variables and effects. For the procedure
without pre-saturation ')'1 Ri 1.003 ± 0.042 and for the procedure with pre-saturation
')'1 = 0.982 ± 0.023. These results are consistent with the assumed behaviour of the
n-pentane-n-octane system; a value of 0.99 has been found 9 at 303.15°K. Thus it is
possible to employ the procedure in question for the determination of y at very low
concentrations.

1.3

1.2

1.1

-8 -7 - 6 - 5 -4 -3

log XCCl4

Fig. 3. Dependence of Y CCI. on CCI. concentration.
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Concentrat ion dependence ofYCC14

The above procedures were used to obta in the YCCI4 values in n-octane at six
different concentrations of carbon tetrachloride. When XCC I4 = 10- 3 the method with
pre-saturation was app lied ; the other systems were studied by using the variant
without pre-saturation . The liquid phase was analysed and the dependence of log Sc
(nl)/Sl(O) on log (I - constant- ej) followed, where Sl(O) is the peak area of the
standard injected in succession (solution of carbon tetr achloride in II-octane of the
same concentrat ion as th at of the solution measured at the beginnin g of the experi­
ment). The error s of the individual measurements were determ ined as for the n­
pentane-n-octane system and are plotted in Fig. 3. Extrapo lation leads to an estimate
of the limiting act ivity coefficient of carbon tetrachlorid e in n-octane at 293.15°K of
Ycrl4= 1.34.
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SUMMARY

Standard and sample solutions stored in borosilicate sample vials were allowed
to evaporate to dryness at room temperature. The solutions were analyzed by gas
chromatography-flame ionization detection before evaporation and after reconsti­
tution to the original volume to determine component losses due to evaporation. The
standard solutions were also stored in sample vials which had been treated with a
surface deactivating agent, benzyltriphenylphosphonium chloride. The standard
solution contained n-hydrocarbons, I-alcohols, phthalates and polynuclear aromatic
hydrocarbons . The sample solution was a benzene extract of municipal incinerator
fly-ash which contained over 200 components including n-hydrocarbons, phthalates,
polynuclear aromatic hydrocarbons and polychlorinated dibenzo-p-dioxins. At the
95%confidence level, the differences among mean losses observed with the 100 ng/pJ
standard mixture were within random variations between untreated and deactivated
vials. The random variations between mean losses of the 10 ng/pi mixture were
significantly higher with the deactivated vials at the 99 % confidence level. Large
losses were observed for early-eluting components of the standard solutions and the
benzene extract of incinerator fly ash. Losses for polychlorinated benzo-p-dioxins and
polynuclear aromatic hydrocarbons averaged ca. 10%.

INTRODUCTION

Because of the high toxicity of certain substances, it is necessary to detect their
presence in the environment at trace-to-ultratrace levels. These substances are usually
present in mixtures containing a large number of components. The use of multi-step
sample preparation and clean-up procedures in which the sample is taken to dryness
and reconstituted before analysis is cornmon' v'. The use of these procedures can result
in the introduction of artifacts and loss of sample components. Karasek et al. have

0021-9673/81/0000-0000/$02 .50 © 1981 Elsevier Scientific Publishing Company
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reported a rapid and simple procedure for the analysis of complex organic mixtures
extracted from airborne particulate matter' and municipal incinerator fly ash" in
which the sample clean-up steps are not necessary. Care is taken to prevent the sample
extract from achieving dryness throughout the sample preparation procedure.

The method of reducing sample extracts to dryness and reconstituting to the
final desired volume has been described>". It has been shown that significant losses
result when pesticide residue extracts are evaporated to dryness before analysis'?'!'.
Burke et al.lo have investigated various concentration procedures used to bring
samples to dryness and reported that losses were observed when the extract was con­
centrated to less than 500 pi, independently of the concentration procedure used.
Chiba and Morley!' reported that the use of petroleum ether as the extraction solvent
resulted in greater losses upon condensation of the extract compared to benzene. In
their study, detectable sample loss was observed even when a viscous retaining agent,
such as ethylene glycol was used, when reducing the organic extract below 500 pI.

Although the Pyrex glassware generally used in trace analysis is considered
inert, this surface has been observed to exhibit an undesirable activity towards polar
compounds, owing to the presence of boron, potassium, and silanol groups in the
glass matrixI2.13• These active sites have been shown to adsorb polar compounds
totally13-1S. A common surface deactivation procedure is silylation. However, this
only reacts with the silanol groups allowing the active metal sites to remain. Surface­
active agents have been shown to be more effective in the deactivation of the entire
glass surface towards polar compoundsI2.IS.16.18.

Studies reported to date which deal with sample component losses during
concentration procedures have been primarily concerned with pesticide residues.
Also, few data have been presented to show actual losses for other real samples, since
most results have been obtained from standard solutions. As yet, no comprehensive
study has been reported in which a large range of solvent- and sample-matrix
systems have been investigated. This study was conceived to examine and compare
component losses from mixtures containing a variety of compound types when
evaporated to dryness and reconstituted. Component losses were investigated employ­
ing standard borosilicate sample vials, some of which were coated before use with
benzyltriphenylphosphonium chloride (BTPPC) to achieve surface deactivation.
Lowering the adsorptive properties of the glass surface might result in a greater
recovery of sample components. Mixtures studied include a standard solution con­
taining n-hydrocarbons, phthalates, polynuclear aromatic hydrocarbons (PAHs) and
primary alcohols in cyclohexane as well as a benzene extraction of municipal incin­
erator fly ash. Of particular interest are the polychlorinated dibenzo-p-dioxins
(PCDD), since some reported methods for their analysis require evaporation to
dryness of sample extracts--",

EXPERIMENTAL

The concentrated standard solution used contained n-hydrocarbons, I-alcohols,
PAHs and phthalates in cyclohexane solvent. A dilute standard was prepared by a
1:10 dilution of the solution given in Table 1. Straight-chain hydrocarbons and
alcohols were from standard kits (Poly-Science, Niles, IL, U.S.A.), dioctyl phthalate
was Baker "Practical Grade" (J . T. Baker, Phillipsburg, NJ, U.S.A.) and the other
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phthalates were from Matheson, Coleman and Bell (Norwood, OH, U.S.A.) and
PAHs were obtained from Aldrich (Milwaukee, WI, U.S.A.). Cyclohexane (Burdick &
Jackson Labs., Muskegon, MI, U.S.A.) and benzene (Caledon Labs., Guelph, Canada)
were "distilled-in-glass" grade. The BTPPC (Research Org.j'Inorg. Chern. Corp.,
Belleville, NJ, U.S.A.) surface-active agent was a 1%solution in methylene chloride
("distilled-in-glass" grade, Burdick & Jackson Labs .).

Storage containers used were Reacti-vials" (Chromatographic Specialities,
Brockville, Canada) equipped with screw-caps and PTFE liners. Before use, all glass­
ware was cleaned by ultrasonic vibration in an aqueous solution of Alconox detergent
(Alconox, New York, NY, U.S.A.), rinsed with copious amounts of tap water, rinsed
thoroughly with deionized water, and heated in a laboratory oven for 1 h at 300°C.
Glassware was allowed to cool to room temperature before use.

Vials to be deactivated were each coated five times with a I % solution of
BTPPC in methylene chloride. After each coating the vials were inverted and allowed
to dry before the next application of BTPPC. All vials used in the study appeared to
have even coatings.

Standard solutions
The experimental procedure followed for the standard mixtures is outlined in

Fig. 1. A l-rnl volume of the concentrated (100 ng/Ill) standard was placed into each
of the four vials (two deactivated, two untreated). The dilute (10 ng/Ill) standard was
treated in the same manner. The original standard solutions were stored in a freezer
at ca. -15°C. The solutions in the vials were allowed to evaporate to dryness by
storing at room temperature in a fume hood with the screw-caps loosely fastened. The
mixtures achieved dryness after ca. 20 h, and all vials were observed to have a yellow­
brown residue which remained after evaporation. The standard solutions were then
reconstituted by addition of 1 ml of cyclohexane. All vials were then agitated ultra­
sonically for ca. I min to promote homogeneity and redissolution of the organic
residue. There appeared to be no residue after ultrasonic agitation.

Incinerator fly ash extract
The experimental procedure followed for the benzene extract of municipal

incinerator fly ash is outlined in Fig. 2. The fly ash was supplied by the Ontario
Ministry of the Environment and consisted of grab samples from municipal incin­
erators located in urban centers in southern Ontario. The fly ash, 116 g, was extracted
with benzene using ultrasonic agitation. Initially, the fly ash was placed in a round­
bottomed flask with 300 ml benzene and agitated for 30 min. After decanting the
benzene through a medium-porosity glass-fritted filter, 100 ml of additional benzene
was added and the 30 min extraction cycle was repeated. A total of four extraction
cycles were used employing a total of 600 ml. After the last cycle the fly ash was
transferred to the glass-fritted filter and rinsed with 50 ml of fresh benzene, and the
sorbed fly ash extract was recovered by aspirator suction. The benzene extract was
concentrated to a final volume of 800 III by rotary evaporation and stored in a
1.0-ml vial equipped with screw-cap and teflon liner from which the 100-111 portions
were taken for the sample evaporation study.

To each of two untreated vials was added 100 III (Fig. 2). The remaining
extract was stored in a freezer at ca. -15°C. The vials were allowed to evaporate to
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Fig. 1. Schematic of experimental procedure followed for the standard mixtures.

Fig. 2. Schematic of experimental procedure followed for the benzene fly ash extract.

dryness by storing at ambient temperatures in a fume hood with screw-caps loosely
fastened . The extracts achieved dryness after ca. 40 h, and both vials were observed
to have a yellow-brown residue . Each vial was then reconstituted by addition of 100pi
of benzene and then ultrasonically agitated for I min.

After reconstitution, all samples were analyzed by gas chromatography­
flame ionization detection (GC-FID), using a Hewlett-Packard 5830A GC equipped
with 1.8 m x 2 mm I.D. glass column packed with Aue packing", Analysis conditions
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were as follows : initial temperature, 90°C ; program rate, 4°Cjmin; final temperature,
250°C, held for 15 min ; injection port, 250°C ; FID temperature, 275°C ; helium carrier
flow,40 rnl/rnin; injection volume, 3 ,ul.The initial temperature for the benzene sample
condensates was 50°C. Original standards stored in the freezer were chromatographed
under the same conditions for comparisons.

In addition to GC-FID analysis, original and reconstituted benzene conden­
sates were analyzed by a Hewlett-Packard 5992 GC-MS-calculator system. GC con­
ditions were as above with an initial temperature of 90°C. The GC-MS was operated
in selected-ion-monitoring (SIM) mode, in which the quadrupole MS was selected
tuned to each of six chosen ions during a single analy sis. Compounds monitored were
phthalates (ion 149.1), n-hydrocarbons (ion 85.1), biphenyl (ion 154.1), fluorene (ion
166.1), fluoranthene and pyrene (ion 202.2), anthracene (ion 178.1) and benzopyrene
(ion 252.2). Various PCOO isomer series were also monitored, including the tetra
(ion 321.9), penta (ion 355.9), hexa (ion 389.9) and hepta (ion 425.8) isomers, and
octachlorodibenzo-p-dioxin (ion 459.7).

RESULTS AND DISCUSSION

Evaporation-reconstitution of standard mixtures
The loss of each component in the 100 ng/,ul. standard mixture following

evaporation-reconstitution is given in Table 1. Comparison between the average
integrated area of each component in the original mixture and the areas after the
evaporation-reconstitution step was made to arrive at the amount of each component
lost. The variance between the average mean losses of the deactivated and untreated
vials were within random variations at the 95%confidence level. Variances were also
compared between the first eight eluting components for both vials since they showed
greater losses, and were within random variations at the 95 %confidence level. This
is also reflected by the average total loss from each type of vial which are within the
injection and instrument variation of ± 3.1%.

The results of the evaporation-reconstitution procedure for the 10 ng/,ul
standard mixture are given in Table II. The first three eluting components were
entirely lost by both vial types. The average mean losses between the deactivated and
untreated vials were not within random variations at the 99%confidence level. This
is an indication that the untreated vials were more reproducible in component loss
following the evaporation step. The variations of the first eight eluting components
were also greater for the deactivated vials at the 95% level, but the rest of the com­
ponents were barely within the random variations at the 95 % confidence level. The
variability of the vials coating of BTPPC could be the major case of this observation.

Several deactivated vial values in Table II are reported as positive and corre­
spond to a net gain in each component. These are due to random variations and are
within the ± 1.8% variation of injection and instrument fluctuations obtained from
replicate injections of the original to ng/,ul standard mixture. Comparisons of the
average total loss observed for the deactivated and untreated vials indicates a signif­
icantly larger loss from the untreated vials. However, due to the large variance in the
component recovery of the deactivated vials it is difficult to show that the use of
deactivated vials will result in a lower loss of components.
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TABLE I

COMPONENT LOSS AFfER EVAPORATION-RECONSTITUTION OF loonglttl STANDARD
SOLUTION

.__._- ---
Compon ent Retention Original Loss (nglpl)

time (min) solution -------- - -- - --.-- - - - --'--- - - -
(nglld ) Deactivated Deactivited Untreat ed Untreated

No. I No .2 No. I No. 2_...._ -
Biphenyl 3.6 126 66 63 61 50
Fluorene 7.7 102 28 28 30 21
Dimethyl phthalate 8.4 134 36 40 42 31
Octadecane 9.4 99 12 17 21 13
Diethyl phthalate 10.6 101 17 21 24 15
Tetradecanol 11.4 103 11 16 21 13
Eicosane 13.8 103 8 14 19 13
Hexadecanol 15.8 102 8 15 19 12
Dibutyl phthalate 18.0 102 8 14 19 12
Fluoranthene 20.0 III 11 17 21 16
Tetracosane 22.0 103 9 13 17 11
Eicosanol 23.7 104 13 15 18 11
Hexacosane 25.8 102 10 13 17 11
Dioctyl phthalate 28.9 101 6 13 17 10
Triacontane 32.8 100 6 11 16 II
Benzo[a]pyrene 35.9 100 11 16 15 II

Total loss (ng/lll) 260 326 377 261
- -- --- _._ ..~ - -_ . -- ......._--._. ._-....- -- - - -- -- -

TABLE II

COMPONENT LOSS AFfER EVAPORATION-RECONSTITUTION OF 10 nglltl STANDARD
SOLUTION
-- --_ ._- - _. . - .. - - -- --- - --- - - -_._--- -- - - _ .• ._ ---- ---- - - - - --_. _-_._ -
Comp onent Retention Original Loss (ngIpI)

time ( min) solution - - -_ .. ._ -- --_._.-- _.. . ---- - _. ._ - ---- _ .-

(ngllll) Deactivated Deactivated Untreated Untreated
No. I No.2 No. I No.2

-------~--- -- - - -
Biphenyl 3.6 12.6 12.6 12.6 12.6 12.6
Fluorene 7.7 10.2 10.2 10.2 10.2 10.2
Dimethyl phthalate 804 13.4 13.4 13.4 13.4 13.4
Octadecane 904 9.9 2.3 3.3 2.3 2.8
Diethyl phthalate 10.6 10.1 5.0 6.9 5.1 4.8
Tetradecanol 11.4 10.3 0.9 3.0 2.0 2.6
Eicosane 13.8 10.3 +0.8" 1.5 0.8 1.4
Hexadecanol 15.8 10.2 +0.4 1.5 1.0 2.0
Dibutyl phthalate 18.0 10.2 + 1.2 0.8 004 1.1
Fluoranthene 20.1 11.1 + 0.3 2.1 104 2.1
Tetracosane 22.0 10.3 + 1.0 0.5 0.6 1.2
Eicosanol 23.7 lOA + 1.3 0.5 0.7 1.5
Hexacosane 25.8 10.2 +1.1 0.4 0.6 1.2
Dioctyl phthalate 28.9 10.1 + 1.0 0.5 0.5 1.0
Triacontane 32.5 10.0 +0.9 +0.1 1.3 1.8
Benzo [a] pyrene 36.0 10.0 0.1 2.3 1.3 1.6
Total loss (nglpl) 36.5 5904 54.2 61.3

-- -- - -- - -
" Positi ve value indicates a net gain in the component after evaporation -reconstruction.
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Evaporation-reconstitution offly ash extract
Fig. 3 is a comparison between the GC- FID resu lts obtained for the original

fly ash extract and one of the fly ash replicates after evaporation-reconstitution.
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Fig. 3. Comparison of GC-FID results for 3-pl injections of: original fly ash extract (top), and the
same extract after evap oration-reconstitution .

Although the two chromatograms are very similar for components which elute after
a retention time of ca. 13 min, significant losses of earlier-eluting compounds can be
observed in the reconstituted sample. Table III summarizes the GC-FI D results for
the original and evaporated-reconstituted replicates . Since peak areas can be related
to amounts of subs tances through response factors, the data in Ta ble III are a direct
indication of the relative amounts of organic material detected .

Result s of GC-MS analysis using SIM are given in Table IV. Reported
recoveries for compounds in Table IV are based on comparisons between the average
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TABLE 11I

GC-FID TOTAL AR EAS ' OF FLY ASH EXTRACT CON DEN SATE BEFORE AND AFTE R
EVAPORATI ON- RECONSTITUTI ON
_ _ 0 . _ _ • _ _ _ _ _ _

Bef ore evaporation to dryness After evaporation- reconstitution

Replicate I Replicate II Replicate I Replicate II
- --- -_._-
Ea rly-eluting components

« rete ntion inde x 1400) 6516 8717 567 932

Late eluti ng component s
( c-retention index 2500) 200 205 190 265

Tot al area 7579 10,000 3274 3797
- - ._-- ._- - - --

• Areas are summations of total areas of all peaks detected and are normalized to largest total
peak area = 10,000.

TABLE IV

RECOVERIES OF SELE CT ED CO MPOUNDS AFTER EVAPORATION-RECONSTITUTION
OF BENZENE EXTRACTION OF INCINERATOR FLY ASH

Compound

n-H ydrocarbons (C14-C30)

D iethyl phthalate
Dibutyl phthalate
Dio ctyl phthalate
Biph enyl
Pentachlorobenzene
Fluorene
An th racene
F1uoranthene
Pyrene
Benzopyrene
Tet rachlorodioxins
Pentachl orodioxins
Hexachlorodioxins
Heptachlorodioxins
Octachlorodibenzo-p-dioxin

Recovery (%J

Replicate I

99
91
92
86
67
95
92
95
96
91
90
91
89
91
97
90

Replicate 2

87
87
91
89
62
97
82
90
96
88
98
88
86
87
80
80

integrated areas for two replicate injections of the original fly ash extract and the
areas each of the evaporated-reconstituted samples. For the chlorinated dioxin s, the
total integrated areas for particular isomer series were compared. Identities of all
of the compounds which are listed in Table IV were known by their mass spectra and
correspondence of retention times of standards from previous work". The average
percentage deviat ion of areas from calcu lated means for the two non-evaporated
samples was ± 2.3 %, ranging from ± O.02 %for biphenyl to ± 6.2 % for pentachloro­
benzene. The corresponding average for the two evapo rated-reconstituted replicates
was ± 3.J %, which ranged from ± O.2% for f1uoranthene to ± 10% for the hepta­
chlor odibenzo-p-dioxins. Percentage losses were less for the fly ash extract than for
the standard solution for compounds com mon to both of these tests. Average
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percentage losses for the standard solution were 15 ± 2, 16 ± 3 and 18 ± 6 for the
n-hydrocarbons, phthalates and PAH compounds in the mixture, respectively. Corre­
sponding average losses of 7 ± 3, 10 ± 2 and 8 ± 5 %were observed for the corre­
sponding n-hydrocarbons, phthalates and PAH which were detected in the fly ash
extract. Biphenyl losses were not included in the above figures. They averaged 44 %
in the standard solution and 35 % in the fly ash extract.

Most recoveries in Table IV are ca. 90 %. The lowest recovery was achieved
for biphenyl (65 %), which is the lowest boiling compound of those in Table IV. These
results indicate that bringing a sample to dryness may result in significant losses of
extracted organics. Losses were observed even for high molecular weight components
such as benzopyrene and the various chlorinated dioxin isomers. Since these samples
were allowed to evaporate under very gentle conditions, lower recoveries may be
expected when bringing a sample extract to dryness under conditions of reduced
pressure and greater than ambient temperature. For this study, no sample transfer
steps were involved other than the initial transfer of the stock solution to the sample
vials. Further losses can be expected during regular sample analysis which may
include several transfer steps and sample clean-up procedures.
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SUMMARY

A no vel method for the derivatizat ion of mon osaccharides is presented which
generates onl y one derivat ive for each aldose. It involves format ion of aldoximes,
their reduction with borane to the corresponding aminop olyols and subsequent con­
version in to the N-eth oxycarbonyl-O-trim eth ylsilyl derivati ves. Although there arc
four steps, only smal1 amounts of side-products are found in the gas chro matograms.
The derivative s are stable, at least for severa l days, and ar e well suited for determin a­
tion of carbo hydrates. For keto ses the sa me deri vati zation is applicable but result s,
as expected, in two diastereomers.

INTRODUCTION

The unequivocal identification of monosaccharides is of genera l importance
for structu ral elucidat ion of natural produ cts and in biochemist ry. Ca pillary gas chro­
matograph y is the meth od of choice for ana lysis of complex mixtures due to its high
separation efficiency. In th e case of suga rs, however , compl icati ons arise from der iva­
tization.

Carbohydrates themselves are not directly amenable to gas-liquid chromato­
graphy and require the preparation of appropriate volatile derivatives. Since the
pioneering work of Bayer! and Sweeley? on th e gas chromatographic (GC)
propertie s of trimethylsilyl ethers of mon osaccharid es, oligosaccharides and sugar
alcohols, man y other derivati ves ha ve been prop osed. Aldi tol aceta tes", trifluoro­
acetates", n-butyl boronate s/ -", ald onit riles7 , O-m eth yl glycoside trifluoroacetates",
methoxime- and oxime-trimeth ylsilyl etherst!'', and anhydrohexose dithioacetals!'
have been used in the G C ana lysis of carbohydrates. Th e major problems with many
monosaccharid es and reducing oligosaccharides is the generat ion of isomeric com-

• Permanent address : Dep artamento de Q uimica, Faculd ad e de Cien cias e Techologia , Un i­
versidade Nova de Lisboa, Quinta do Cabeco, 1899 Lisboa Codex, Portugal.

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Compan y
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pounds during derivati zation. This leads to multiple chromat ographic peaks which
interfere with the analysis of complex mixtures of carbohydrates. Peak s corresponding
to different sugars may be superimposed, complicating their identification and quanti­
rati on ". Capillaries have been used in attempts to circumvent thi s difficulty' :":" .
The most successful approach to diminishing the number of peaks is the prep aration
of acyclic derivatives. Reduction to sugar alcohols , followed by acylation, has been
used as a standard meth od for GC analysis of aldose s:'. However, separation of some
alditols is incomplete. Moreover, after redu ction aldoses and ketoses afford identical
ald itol s.

R R R
I I I

C' O NH2 OCH) ~ : NO C H) BH r THF f HN H2
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(C HOHl n ... IC HOHI n ... ICHOH l n ...
I I I
CH20 H C H20H C H20H

R ' CH2 0H , H
n ' 3 - I.

( I I 121 ( 3 )

Scheme 1.

R 0
I II
CH -N H - C - OEI

I
( CHOHl n

I
CH 2 0 H

I Ll

TM S' I TMCS / Py r
R °I II
CH- NH-C-OEI
I

I C HOT MSl n
I
C H20 TM 5
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We now report a new method for the prep aration of volati le acyclic derivatives
of monos accharides. Reduction of sugar meth oximes yields aminodeoxyaldito ls (3),
followed by ethoxycarbonylation (4) and trimethylsilylation to the N-ethoxycarbonyl­
O-trimethylsilyl-aminopolyols (5) (Scheme I) . These derivati ves are well separated in
wall-coated open-tubular columns in a relat ively short time. Aldo ses give rise to only
one peak, which allows their unequivocal identification and quantitation. For ketoses
two well separated peaks of the corresponding dia stereomers are obtained.

EXPERIMENTAL

Materials
Trimethylchlorosilane (TMCS) was obtained from Sigma (St. Lou is, MO,

U.S.A.), l-trimethyl silylimidazole (TMSI) and ethyl chloroformate from E. Merck
(Darmstadt, G.F.R .). Methoxyammonium chloride was purchased from Pierce
(Rockford, IL, U.S.A.). Pyridine was dried over potassium hydroxide for 48 h,
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refluxed over KOH and distilled. Samples of monosaccharides were purchased from
Sigma.

Apparatus
Gas-liquid chromatography (GLC) was performed on a Dani instrument,

Model 6800, equipped with splitter and flame ionization detector (FJD). Two different
capillaries were used: 25 m x 0.28 mm, coated with OV-lOl ; and 25 m x 0.28 mm ,
coated with Chirasil-Val's -!". Injector temperature : 250°C. Detector temperature:
275°C. Oven temperature was programmed as shown in Figs. 2 and 3 at a rate of
IO/min. Mass spectrometry was performed on a Varian MAT 112 S instrument.

Preparation of derivatives
Aqueous standard solutions of the monosaccharides (each 1-2 mg/rnl) with

2 mg/rnl of D(- )-mannitol as internal standa rd were prepared. A 200-fll volume of
each solution was transferred into a deriv ati zation vial having a PTFE-lined rubber
septum and screw-cap. The solvent was evaporated under a stream of nitrogen and
the residue dried ill vacuo over phosphorus pentoxide. A 100-fll volume of a
solution of 250 mg of methoxyammonium chloride in 10 ml dry pyridine was added
and the solut ion was heated to 80°C for I h. The solvent was evaporated under a
stream of nitrogen or , if several samples were to be processed, in a vacuum centrifuge.
A 100-fll volume of 1.0 M borane in tetrahydrofuran was added, the mixture agitated
vigorously for 1 min and heated to 80°C for 2 h. After cooling to O°C in an ice-bath,
the excess of borane was destroyed by careful addition of methanol. The solvent was
evaporated to dryness under nitrogen, 100 fll of I M HCI in methanol were added and
the solution was heated to 80°C for 30 min. After cooling, the solvent was evaporated
under a stream of nitrogen and the operation was repeated. The residue was dissolved
in 50 fll of a saturated aqueous solution of KZC03 and 25 fll of ethyl chloroformate
were added. The mixture was vigorously agitated for 1 min and left at room tempera­
ture for I h. The liquid was then evaporated under nitrogen and the residue dried
overnight ill vacuo over phosphorus pentoxide. The dry residue was taken up in
40,a1 of dry pyridine, 10 fll of trimethylchlorosilane (TMCS) and lO,al of trimethyl­
silylimidazole (TMSI), agitated vigorously for 2 min and heated to 50°C for 30 min.
After centrifugation, the supernatant was used for Gc.

Calculation
Peak areas were calculated by means of a Spectra-Physics SP 4100 electronic

integrator. The response factor of each sugar was calculated relative to D(-)­
mannitol.

RESULTS AND DISCUSSION

Gas chromatography of sugars can greatly be simplified by the use of acyclic
derivatives. However, for methoxime derivatives, two peaks are observed for each
sugar", i.e., the syn- and anti-forms . Oxime ethers can readily be reduced by borane in
tetrahydrofuran to give the corresponding amines in high yields!". Borane offers a
distinct advantage over lithium aluminium hydride : aluminium hydroxide is a strong
adsorbent, and the yields of reduction are generally low". The reaction conditions of
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the borane reduction have not been optimized with respect to time and temperature.
Considering the reactivity of borane , complete reduction may be achie ved at lower
temperatures and in shorter time s.

The obtained aminopolyols can further be derivatized by different methods.
Silylation was found to be difficult or gave two or more peaks with bis(trimethylsilyl)­
trifluoroacetamide (BSTFA) as silylating agent. Thi s can be attributed to the fact
that BSTFA can introduce either one or two silyl groups in primary amines" . On the
other hand, the trifluoroacetyl derivatives were found to be unstable, and the more
stable pentafluoropropionyl deri vatives were not well separated.

Amino sugar s can readily be converted with ethyl chloroformate into the
corresponding N-ethoxycarbonyl deri vative s". Th ese are sta ble and, aft er silylat ion,
exhibit excellent GC properties. For silylation a mixture of pyridine-trimethylchloro­
silane-trimethylsilylimidazole (4 :1:1) gave the best result s.

Identity of the products obtained was established by gas chromatography­
mass spectrometry (GC-MS) of the der ivatives obtained by reduction with trideuterio­
borane. The fragmentation patterns observed are analogous to those of the trimethyl­
silyl derivatives of the sugar oximes and methoximes. The mass spectrum of the glucose
derivative (Fig . 1) shows no molecul ar ion, but a relati vely intense [M - 15]+
(mje 600), corresponding to incorporation of two deuterium atoms, several chain
cleavage fragments (m je 103, 205, 307, 409, 410) and some cascades of ions from

100

, OS
80

t--' 60
73'?: 217

-' 319w
a: 40

307
, 0

80 100 120 140 160 180 , 00 220 240 ,60 ,80 300 310 340 360 380 400

100
m/e

80

.....:
~ 60
-'w
a:

40

,0 1M- 1St
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Fig . I . Electron-impac t (EO mass spectrum of the N-ethoxycarbonyl-O-trimeth ylsilyl-aminodeo xy­
alditol of glucose. Conditions : electr on energ y 70 EV; anode current 0.7 rnA ; GC -inter face tempera ­
ture 250°C; ion source temperature 270°C.
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sequential elimination of trimethylsi lanol (571-481-39 1, 600-509-419-329, 410-319­
229, 307-217). Other diagnostic ions are at m]e 571 ([M - 44]+') and m]e 73
(trimethylsilyl),

Retent ion times for the derivatives of arabinose, ribose, rhamnose, fucose,
fructose, galactose, man nose and glucose were determined in capillaries coated with
Chirasil-Val (F ig. 2) and OV-lOl (Fig. 3). As can be seen from the chromatograms,
only one derivative is formed for each carbohydrate. The retention times on Chirasil­
Val are relatively short with good separation of all sugars, except for galactose and
mannose. A good separation of all sugars is obtained with OV-101, but with signif­
icantly higher retention times. However, if analysis is carried out isothermally at
180aC separation is achieved in 20 min. Interestingly, an inversion of the elution order
of rhamnose and fucose is observed on changing from Chirasil-Val to OV-101 (peaks
4 and 5).

'1
j i 8.9
I
i
I 3 5

I
4 10

2

7

l1JJAi I 6

Ii
L -A. '-- J.. l-J \--

0 5 15 25 35 Time(min)

I I I I I

- iso...130 140 150 160Temp.[ 0

Fig. 2. Gas chromatogram of N-ethoxycarbonyl-O-trimethylsilyl-aminodeoxyalditols on Chirasil­
Val (25 m x 0.28 mm). Carrier gas hydrogen: 0.4 kg/ern" Splitting ratio I :25 . Jnjector temperature :
250°C. FJDtemperature : 275°C. Peaks : 1 = TMS-mannitol as standard; 2 = arabinose ; 3 = ribose ;
4 = rhamnose; 5 = fucose; 6 = fructose I ; 7 = fructose 2; 8 = galactose; 9 = mannose; 10 =
glucose.

In contrast to the aldoses, the ketosugar fructose, as expected, shows two well
separated peaks, corresponding to the two possible diastereomers formed on reduc­
tion of the fructose methoxime. The reaction obviously proceeds with some stereo­
selectivity as the two peaks of fructose have an area ratio of ca. I :2. Although
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relat ive to TM S-mannitol as internal standard: _ , galactose; e, ribose, rhamnose; 0, fucose,
mannose ; 0 , glucose ; A, arabinose ; \7 , fructose (sum of both peak areas).
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formation of two derivatives constitutes a complication in the GC analysis of ketoses,
the good separation of both peaks still allows quantitation. In any case, the proposed
derivatization considerably simplifies the GC pattern",

Relative response factors were determined for each sugar, from mixtures con­
taining various amounts of sugar and a fixed amount of mannitol as internal standard.
Good linearity was ob served (Fig. 4), but the detector response for the sugar deriva­
tives is somewhat lower than for TMS-mannitol. A similar observation has been made
previou sly".

CONCLUSIONS

The GC analysis of carbohydrates is greatly facilitated by a derivatization
sequence which affords only one derivative for aldoses. In the case of ketoses two
diastereomers are obtained. The derivatives are very stable and exhibit excellent GC
properties. Most other derivatization procedures yield either more than one peak
and /or easily decomposing derivatives. For instance, TMS-tagatose gives rise to
seven or eight components". The derivatization sequence involves four consecutive
reactions, but offers the great advantage of unambiguous identification and simplified
quantitation of sugars.

The identity of the compounds has been established by GC-MS. Formation
of side- or decomposition products is negligible ; consequently the sample amount
required is low: derivatization was performed with about 1 pmol; GC was carried
out with 0.1-1 nmol. We consider that this method is a significant contribution towards
a more sensitive and accurate analysis of carbohydrates in natural products and
biochemical samples.
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SUMMARY

Aqueous sugar solutions contammg fructose, glucose and sucrose can be
derivatised rapidly with a novel oximating reagent, incorporating an organic buffer.
The buffered reagent produces rapid and reproducible oximation of the mono­
saccharides without hydrolysing sucrose or affecting its silylation.

Reasons for the use of a SP-2250 glass capillary for the separation of sugars in
cane molasses are also given.

INTRODUCTION

Sucrose, fructose and glucose are the main carbohydrates present in sugar cane
juice and subsequent fact ory processing st reams. Their estimation is important in
assessing both sugar cane quality and factory performance'. The approximate ranges
of the three sugars during processing are listed in Table I.

TABLE I

RANGE OF SUGAR LEV ELS IN CANE SUGAR FACTORY STREAMS
Concentrations are expressed as % sugar in sample.

Stream

Mixed juice
Syrup
Final mola sses

Fructose ( F)

0.2-0.6
1-2
6-11

Glucose (G)

0.2-0.6
1-2
3- 9

F/G

1.0
0.9-1.1
1.1-2.4

Sucrose

9-13
50-60
26-33

Gas-liquid chromatograph y (G LC) pro vides a means of measuring these three
sugars more specifically than traditional titration and polarisation techniques which
are readily influenced by impuritiesv",

The volatili sation of sugars prior to GLC is normally achieved by converting
the sugars into their trim ethylsilyl (TMS) derivatives. The TMS ethers of mono­
saccharides possess the following disadv antages :

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scient ific Pub lishing Company
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(1) the proportions of each anomer will depend on solvent composition, tem­
perature and the length of time the sugar has been dissolved;

(2) the overlap between fructose and glucose leads to inaccurate results;
(3) the overlap of the two major monosaccharides with other minor constituents

in cane molasses will also give inaccurate results;
(4) the signal-to-noise ratio for a monosaccharide producing multiple peaks is

obviously lower than a sugar producing a single peak. This is extremely important
when the sugar is present in low concentration (see Table I).

Various chemical procedures have been proposed to inhibit anomerisation.
Sweeley et al.' suggested oximation prior to silylation. Brobst" developed an in situ
oximation-silylation procedure for sugars in aqueous solution. The reagents for this
procedure are available commercially from a single supplier".

Aqueous sugar solutions covering a wide concentration range (0.5-35 %) were
derivatised in this laboratory, and although excellent qualitative results were obtained
we noticed that sucrose (a non-reducing disaccharide and the sugar of prime impor­
tance to the sugar technologist) was hydrolysed during the oximation of fructose and
glucose. This was due to the acidity of the oximation reagent.

This paper describes an oximation reagent incorporating an organic buffer.
The buffered reagent produced rapid and reproducible oximation of monosaccharides
without hydrolysing sucrose. Xylose and trehalose were added as internal standards
for the monosaccharides and sucrose respectively. Reasons for using an SP-2250 glass
capillary column are also given.

EXPERIMENTAL

Materials
Fructose (low in glucose), glucose (AnalaR), sucrose (Aristar), xylose (Bio­

chemical) and trehalose dihydrate (Biochemical) were obtained from BDH (Poole,
Great Britain). All reference sugars were dried in vacuo over phosphorus pentoxide
and stored in a desiccator. The following reagents were commercially available:
pyridine (for analysis; E. Merck, Darmstadt, G.F.R.); hydroxylamine hydrochloride
(M & B reagent; May & Baker, Dagenham, Great Britain); hexamethyldisilazane
(HMDS) (Ohio Valley, Manetta, OH, U.S.A .), stored under nitrogen and refrigerated;
trifluoroacetic acid (TFA) (Pierce, Rockford, IL, U.S.A.), refrigerated; dimethyl­
aminoethanol (BDH laboratory reagent).

Preparation of derivatives
Hydrolysis ofsucrose during oximation. A calibration solution was prepared by

dissolving sucrose (600 mg) and trehalose (660 mg) in 2.4 ml of distilled water
(solution A) . Aliquots were silylated directly or oximated prior to silylation.

The aliquot (5 ,ill) in a screw cap vial (3 ml) fitted with a PTFE-lined silicon disc
was silylated by adding pyridine (0.5 ml), HMDS (0.45 ml) and TFA (0.05 ml) in rapid
succession. The vial was hand shaken, capped and placed in an ultrasonic bath at
80°C for 10 min. The sample was degassed prior to injection.

An aliquot (5,il1) in a 3-ml vial was treated with 0.5 ml of oximation reagent
(2.5 g of hydroxylamine hydrochloride in 100 ml of pyridine). The sample was placed
in an ultrasonic bath at 80°C for 30 min. After cooling for 10 min, HMDS (0.45 ml)
and TFA (0.05 ml) were added. The silylation was carried out at 80CC for 10 min.
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pH of oximation reagent . Aliquots (5,u1) of solution A were treated with
various amounts of dimethylaminoethanol (0, 9, 18 and 27 ,ul), followed by the
oximating reagent in pyridine (0.5 ml) (2.5 %, wjv). Oximation and silylation were
carried out as above.

Effectiveness of buffered oximation reagent. A calibration standard containing
the following sugars was prepared: fructose, 150 mg ; glucose, 150 mg; xylose, 150 mg
and water, 2.4 m!. Aliquots (in triplicate) were treated with various amounts of
dimethylaminoethanol (0, 18 and 27 ,ul), followed by oximation and silylation as
above.

Effect ofnew buffer ed oximation reagent on sucrose hydrolysis. Three calibration
standard s bracketing the sucrose concentration range for cane molasses were prepared:

Trehalose (mg)
Sucrose (mg)
Water (ml)

660
500

2.4

660
600

2.4

660
700

2.4

Aliquots were silylated in tr iplicate above. The buffered oximation reagent was pre­
pared by adding 2.5 g of hydroxylamine hydrochloride to pyridine (100 ml). Dimethyl­
aminoethanol (270 ,ul) was added to 5 ml of this hydroxylamine solution just before
it was needed. The solution was mixed thoroughly (solution B). Aliquots for oximation
were prepared in triplicate. Oximation with solution B was identical to the procedure
described above.

Gas chromatography. A Hewlett-Packard 5840 gas chromatograph equipped
with an autosampler was employed. Experimental details are listed in Table II.

TABLE 11

EXPERIMENTAL DETAILS FOR GLC SEPARATION OF O~-TMS SUGAR DERIVATIVES

Column

Inlet pressure
Pre-column flow-rate
Column flow-rate
Split ratio
Injection volume
Injector/flame ionization detector

temper ature
Oven program
Make-up gas
Hydrogen
Air

RESULTS AND DISCUSSION

15 m x 0.25 mm I.D. glass capillary, coated with SP-2250
(obtained from SGE, North Melbourne, Au stralia)
25 kPa
10.6 cm3/min
0.4 cnr'jmin (nitrogen)
25 :1
4111 (0.15 III onto column)
250/250°C

150°C for 2 min , I 50-240°C at gOC/min
60 crrr'rrnin (n itro gen)
40 crrr' jmin
330 cm 3/rnin

Sucrose hydrolysis
Use of Brobst's procedure to oximate an aqueous sucrose-trehalose mixture

prior to silylation produced a lower sucrose respon se factor (1.075) than that obtained
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for direct silylation (1.097). Fig. IA clearly indicates significant sucrose hydrolysis, as
fructose and glucose can be detected easily. The pH of the hydroxylamine reagent was
found to be 5.4, Stadler's table" indicates about 0.15 % sucro se inversion per hour
at 80°C at th is pH .

2 3 4

E

D

c

B

A

o 20 Minutes

Fig. l. Sucrose hydrolysis dur ing oximation: E = unbuffered oxirnatio n reagent, pH = 5.4 ; D =
buffered oximation reagent, pH = 6.5; C = buffered oximation reagent, pH = 7.1 ; B = buffered
oximation reagent , pH = 7.4; A = direct silylation (no oximation). Peaks: I = OX-TMS-fructose;
2 = OX-TMS-glucose ; 3 = TMS- sucrose ; 4 = TMS-trehal ose. Attenuation : for monosaccharides,
2 t 3; for disaccharides , 2 t 7.

To ascertain whether 80°C was necessary for oximati on, lower temperatures
were investigated. At 50°C and a reaction time of 30 min, oximation was incomplete.
At thi s temp erature sucrose hydrolysis was st ill apparent. No reference to such
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hydrolysis has been noted by us. Adam and Jennings", using methyl oximes, noticed
fructose and glucose peaks in all their chromatograms ; they attributed this to sucrose
hydrolysis during their drying step (using phosphorus pentoxide).

Buffer
Although oximation is acid-catalysed and hydroxylamine is unstable in basic

solution, Fritz et al " developed a quantitative titrimetric procedure for carbonyl
compounds employing semi-neutralised hydroxylamine hydrochloride solutions. The
choice of buffer was limited by the anhydrous conditions and the fact that the hydro­
chloride of the base used sho uld be solu ble in the solvent. These workers found either
2-dimethylaminoethanol or 2-diethylaminoethanol to be suitable.

Effect of pH of the oximation reagent on sucrose hydrolysis
Dimethylaminoethanol was used to raise the pH of the oximation (OX) reagent

without causing any undesirable precipitation reactions. The effect of neutralising the
OX reagent before oximation can be seen in Fig. 1 and Table Ill.

TABLE III

EFFECT OF pH OF OXIMATION REAGENT ON SUCROSE RESPONSE FACTOR

Base = DimethylaminoethanoJ. B:A = Equivalents base relative to equivalents HC!. Response
factors, K, are the means of three sample preparations. R.S .D. = Relative standard deviation.

- -- ----- ------- -------- - - -- ----

Base (f-l l) B:A pH Expected
hydrolysis
(% /h)

K R.S.D.

° ° :1 5.4 ",=, 0.15 1.077 0.9
9 0.5 :1 6.5 0.01 1.093 0.7

18 1 :1 7.1 0.003 1.095 0.1
27 1.5 :1 7.4 < 0.001 1.097 0.3

Direct 1.097 0.3
silylation

The response factor for sucrose using an OX reagent at a pH of 7.4 was
virtually identical to that obtained for direct silylation. Fig. I also indicates that
with the buffered reagent sucrose hydrolysis was not significant. Any detectable
quantities of fructose and glucose are probably minute impurities in Aristar sucrose.
No significant hydrolysis of other disacc harides such as trehalose, maltose or cello­
biose was observed when using Brobst's procedure.

Effect ofpH on monosaccharide oximation
Buffering the oximation reagent eliminated sucrose hydrolysis. The effect of

increasing the pH of the oximation reagent on the actual oximation of fructose and
glucose is noted in Table IV. It is obvious that effective oximation of fructose and
glucose can be obtained even in slightly alkaline solution, as excellent agreeme nt over
the range pH 5.4-7.4 was obtained.
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TABLE IV

EFF ECT OF pH OF OXIM ATION REAG ENT ON FRUCTOS E AND GLUCOSE RESPONS E
FACTORS
Number of samples in each case: 12. Oximat ion time = 30 min. Internal sta nda rd : xylose. These
response facto rs are the means of three sam ple prep arat ions.

pH

5.4
6.5
7.1
7.4
Mean

1.072
1.076
1.075
1.076
1.075

R.S.D.

0.2
0.3
o
0.3
0.3

1.058
1.058
1.058
1.058
1.058

R.S.D.

0.1
0.1
0.1
0.2
0.1

Decreasing oximation reaction time
We have shown that excellent quantitation of fructose and glucose can be

obtained by using a slightly alkaline oximation reaction prior to silylation. For all
these studies an OX reaction time of 30 min at 80°C was adopted. To reduce sucrose
hydrolysis even further, an OX reaction time of 10 min at 80°C was investigated.
It can be seen from Table V th at statist ically there was no difference between the two
reaction times. Thi s reduction in sample preparation time is obviou sly advantageous
for routine high throughput analysis.

TABLE V

EFFECT OF OX R EACTION TIM E ON MONOSACCHARIDE RESPONSE FACTORS

Numbers of samples : 12. Mean difference between response fact ors at different OX reaction times,
D = 0.001. fex. = Calculated Stud ent's f value for pa ired observa tions. Cr itica l f value, f l _ a , (a =

0.05) = 2.776.

Time
30 min
10 min

c.;

1.075
1.076

-0.06

1.058
1.058

- 0. 11
- - - --- ----_.._ ._ -

Comparison of sucrose response factors: direct sily fation vs. O'X[silylation
Accurate sucrose analysis should be indep endent of monosaccharide oxime

formation . The effect of the new buffered OX reagent was investigated by preparing
three aqueous sucrose-trehalo se standards, bracketting our normal cane molasses
sample range (see Experimental). The comparison is presented in Table VI. There was

TABLE VI

SUCROSE CALIBRATION STANDARDS FOR CANE MOLASSES

Nu mber of samples : 12. f e x• = - 1.91; f '-a (a = 0.05) = 2.31.

K s

Direct silylation " 1.106
OX- silylation " 1.109

- --_ .._ .__..

• Silylation cond itions: 10 min at 80°C.
.. OX time : 10 min at 80°C followed by silylation for 10 min at 80°C.
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Fig. 2. Separation on SP-2250 (OV-17) wall-coated glass capill ary co lumns: A = Calibration stan ­
dard ; B = cane molasses sample. OX- TMS derivat ives: 2,3 = xylose ; 8,9 = fructose; 13,14 = glu­
cose; 17 = sucrose; 18 = treh alose. Ot her peaks : 6 = man nito l; I I = mannose ; 16 = inositol;
1,4,5,7, 10, 12, 15 = unknowns. Chart speed : for monosaccharides, 2.5 em/min ; for disaccharides,
0.25 em/min. Attenuation for mono- and disaccharides was 2 t 5 and 2 t 7, respectively.
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no statistical difference and in our opinion the new buffered reagent effectively pro­
duces monosaccharide oximes without hydrolysing sucrose.

Epim erisation of monosaccharides at pH 7.5
In dilute alkaline solutions the mono saccharides can undergo profound

changes". Glucose can produce its epimers mannose and fructose. To investigate the
effect of the higher pH (7.4) of the oximation reagent on monosaccharide epimeri­
sat ion, dilute aqueous solut ions cont aining either fructose or glucose were subjected
to the OX-TMS procedure at pH 7.4. No evidence of epimerisat ion was observed.

Use of glass capillary columns
Packed columns were used initiall y during the development of the GC pro­

cedure for sugarsv!" . We recently utilised sta inless-steel capillaries coated with OV-1 7
for an extensive study of carbohyd rate changes during sugar boiling!'. However, glass
capillaries offer certain advantages due to better peak separation and sharper peaks:
greater column efficiencies ; better column deactivation; often better resolut ion in
less time ; more information and more accurate result s.

We therefore switched to glass capillaries. SP-2250 (OV-17) wall-coated
columns produced an excellent separation of OX-TMS-xylose (interna l standard),
fru ctose, glucose, TMS-sucrose and treh alose (interna l standard), Fig. 2A. Carrier
gas flow was optimised (average flow velocity, 16 em/sec), thu s all OX-TMS sugars
produced acyclic syn and anti isomers. Despite the separation of each monosaccharide
into its respective doublets, each sugar was well separated.

An aqueous molasses sample was subjected to the OX-TMS procedure,
Fig. 2B. Besides fructo se and glucose, approximately ten minor constituents could
also be observed in the molasses sample. We have been monito ring sugar products
for over 3 years and the pattern depicted in Fig. 2B is completely characteristic of
South African cane molasses. Some of these peaks , manni tol, mannose and inositol,
have been identified. The use of columns with lower effic iency and selectivity can
result in the overestimation of both fructose and glucose by about 6-11 % in South
African cane molasses.

A further advantage of the use of capillary columns is their abilit y to separate
the geometric isomers of each monosacchar ide OX-TMS derivative. The peak area
ratio under controlled cond itions is characteristic for the isomers of each sugar. A
change in th is area ratio can often indicate an impurity co-eluting with one or the
other isomer. Thi s is of practical importance for low concentrations of fructo se and
glucose.

Several authors have indicated that OX/TMS derivative s are either unstable"
or produce inconsistent quantitative results'. The method described in this paper h.as
been in constant use for the past 3 years and thousands of aqueous commercial
solut ions have been chromatographed.

The acceptance of th is method by the South African sugar industry has been
realised by ensuring careful attention to the analytical detail. A paper describin g the
routine procedures and method evaluation techniques should be published shor tly".
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RESOLUTION OF TRITIUM-LABELLED AMINO AC ID RACEMATES BY
LIGAND-E XCHANGE CH ROMATOG RAPHY

11'. L-HYDRO XYPROLlNE- AND L-PHENYLALANINE-MODIFIED RESINS
FOR THE RESOLUTION OF COMMON a-AMINO ACIDS"

Yu. A. ZOLOTA REY*, N . F. MYASOEDOY, V. I. PEN KINA, I. N. DOSTOYALOV and
O. Y. PETR ENIK

Institute of M olecular Genetics, U.S.S.R. Academy of Scien ces, Kurchatov Sq . 46, M oscow ( U.S .S .R .)

and

V. A. DAVANKOV

Institute of Organo-Element Compounds, U.S.S.R. Academy of Sciences, M oscow ( U.S .S .R.)

SUMMARY

Preparations of racemic multiple triti ated valine, histidine and alanine with
high specific activit ies were resolved into enantiomers using ligand -exchange chroma­
tography on Cu2+ -saturated L-hydroxyproline-modi fied polystyrene and t.-phenyl­
alanine-modified polyacrylam ide. These two resins allow the resolut ion of all com­
mon amino acids on a preparative scale and thei r optica l and radiochemical purity
to be established . The method does not require any chemical modi fication of the
racemate to be resolved, does not impose any limitations on its specific activity and
provides for the simultaneo us radiochemical purificati on of the enantio mers.

INTROD UCTI ON

The range of methods for resolving racemates of a-amino acids int o consti­
tuent optically active enantiomers is severely limi ted when labelled com pounds of
high specific activi ty are involved . All meth ods involving crysta llizatio n procedures
are inapplicable because of rapid radi olysis of the radi oactive compo und in a con­
densed phase. Natural enzymes commonly used to modify selectively one of the
enantio mers in solut ion are easi ly inact ivated by radiation. Mu ch more promising
are chromatographic meth ods, particularly ligand-exchange chro matography on
chiral chelating resins (for a review, see ref. 1). Th is chromatog raphic meth od does
not require any chemica l modifica t ion of the ami no acid that would unavoidably lead
to a decreased yield and loss of the radioacti ve compound.

In Part F we descr ibed the resolution of D,L- [3H]valine with a specific activi ty

• For part I , see ref. 2.
.. Presented at the 6th Int ernational Sy mposium "Advances and App lication of Chromatography

in Industry" , Brat islava, Sep tember 16-1 9, 1980.

0021 -9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publi shin g Company



232 Yu. A. ZOLOTAR EV et al.

of 1.4· 1012 Bqjmmol on a column containing L-hydroxyproline- modified polystyrene
resin . This paper is concerned with further optimization of the resolution procedure
using thi s type of resin (1) and th e synthesis of an L-phenylalanine-modified polyacryl­
amide gel (II ) which easily resol ves race mates of most common amino acids.

I

EXPERIMENTAL

:II

Sorbents
The synthesis of sorbent I by interaction of methyl L-hydroxyprolinate with

chloromethylated cross-linked polystyrene was described earlier", Th e sta rting
copolymer contained 0.7 % of divinylbenzene and was addi tionally cross-linked with
monochlorodimethyl ether to give a total degree of cross-lin king of 6 mol %. The
water content of the swollen resin was 250 % and th e exchange capacity was 3.8 mmol
of residues of L-hydro xyprol ine per gra m of sorbent.

Sorbent II was obtained by treatment of Bio-Gel P-4 polyacrylam ide beads
(Serva, He idelberg, G .F.R. )wi th formaldehyde and L-phenylal an ine. The sorbent
contained 1.4 mmol of gro upings of L-phenylalan ine per gra m. The water uptake
was 300 %.

Before packing into columns, the sorbents were treated with an excess of
copper(JI)-ammonia solut ion and subsequently with a solut ion of potassium chloride
in 1.0 N ammonia to achieve th e desired content of Cu 2+ ions in the sorbent .

Chromatography of racemates
The copper-loaded sorbents I and II suspended in 0.1 N ammonia or 1%

ammonium phosph ate solut ion (pH 9.2), respecti vely, were slurry-packed into glass
columns and conditioned by passing the same eluents through them .

The racemic amino acids were introduced into the top of the column with the
help of a micro-syringe. To detect the enantiomers resolved , the Radiochromato­
graph 2301 chromatographic system (U.S.S.R.) was used, equipped with a flow
radioactivity dete ctor cell of volume 170,u1 and made of scintillat ing quartz. Another
detector was a flow photometer operated at 210, 250 or 280 nm .

Isolation and characterization of enantiomers
Using the hydrolytical stable resin of type I and ammonia solutions as the

eluent, the resol ved amino acid enantiomers can be easily obtai ned by evaporat ion
of the corresponding eluate fractions , which should be pre viousl y purified to remove
trace amounts of Cu 2 +. The purification consists in filtering the eluate through a
small column (I5 x 8 mm LD.) with ANKB-50 chelating resin (polystyrene bearing
iminodiacetate groups).
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To obtain directly D- and L-enantiomers of [3H]histidine in a copper-free
state, the lower part (20 mm) of the chromatographic column was packed with
copper-free resin I and the remainder of the resin (100 mm) was saturated with Cu2+
ions to 45% of the theoretical capacity. In contrast to many other amino acids,
histidine enantiomers can be detected photometrically without being complexed with
CuH .

With resin II and phosphate-containing eluents, the fractions of resolved
enantiomers have to be purified to remove mineral salts. Therefore, the enantiomers
were sorbed on the Cu2+ form of the ANKB-50 iminodiacetate resin, washed with
water and desorbed with 0.3 N ammonia solution.

The purity of the isolated enantiomers was tested by thin-layer chromato­
graphy (TLC) on Silufol UV-254 plates and by treatment with specific amino acid
oxidases in a standard manner.

RESULTS AND DISCUSSION

When dealing with multiple tritiated amino acids of very high specific radio­
activity, chromatography seems to be the method of choice for separating the optical
isomers and purifying them simultaneously to remove the contaminating radiolysis
products. One of the chiral resins suitable for this purpose is L-hydroxyproline
incorporated in a macronet polystyrene with active sites of type I. When saturated
with CuH

, this resin displays high enantioselectivity towards optical isomers,
which allows one to resolve racemates of several amino acids".

In order to shorten the time of exposure of the sorbent to irradiation, measures
should be taken to optimize the chromatography process. As gel diffusion is the rate­
determining factor in establishing the ligand-exchange equilibrium between the resin
phase and solutiorr-", enhancement of the chromatographic efficiency is achieved by
using a sorbent of enhanced swellability and small particle size. Figs. 1 and 2 show
the results of the preparative chromatographic resolution of enantiomers of DL-[3H]­
valine and DL-[3H]histidine under optimized conditions. Here, resin of type I was
used with particle diameter 25-32 pm (irregularly shaped particles). The degree of
saturation of the resin with Cu2+ and the ammonia concentration in the eluent were
selected so as to complete the process in 1-2 h. Fig. I clearly indicates the presence

30 60 min
Fig. 1. Chromatography of DL-['H]valine (40 ~g in 0.1 ml of water; activity 7.4'108 Bq ; specific
activity 2.1'1012 Bq/rnmol) on the L-hydroxyproline-containing resin I (particle diameter, dp = 25­
32flm; saturation with Cu2+ 70 %). Column, 300 x 4 mm I.D.; eluent, 0.15 N ammonia solution;
flow-rate, 16 ml/h.
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Fig. 2. Chromatography of DL-[3H)histidine (500 fi g in 0.1 ml of water ; activit y 7.4- J09 Bq; specific
acti vity 2.4 · JOl2 Bq/mmol) on the i.-hydr oprolinc-cont ain ing resin I (d; = 25- 32 fl m ; satu ra tion
with CuH 45 %). Column, 120 x 8 mm J.D. (lower 20 mm of the resin bed free of copper) ; eluent,
0.1 , 0.4 and 2.0 N ammonia solution; flow-rate , 40 ml /h .

of radioactive contaminants in the starting racemate and the efficiency of the radio­
chemical purification of the enantiomers.

Fig. 3 demonstrates the analytical possibilities opened up by the ligand­
exchange chromatography of race mates. The enantiomeric composition of an amino
acid sample can be determined within 15-20 min on a IO-cm column of 2 mm J.D.
filled with ca. IO-,um particles of resin I. Another approach for evaluating both the
optical and radiochemical purity of the resolved enantiomers is the chromatography
of, e.g. , 3.7 .107 Bq of a labelled L-[3H]amino acid in the presence of 1 mg of DL­
amino acid. The distribution of radioactivity between the L- and D-fractions reflects
the optical purity of the labelled product, and the total radioactivity yield in the two
amino acid fractions represents its radiochemical purity. According to this test , the
optical purity of enantiomers obtained by the proposed preparative resolution is not
less than 99 %. Thi s is in agreement with th e result s of standard tests using specific
amino acid oxid ases. The radiochemical purity of the enantiomers exceeds 95 %
according to both the above chromatographic method and the standard method using
TLC on Silufol UV-254 with different eluting mixtures.

DZ50

5 10 15 min

Fig. 3. Chromatography of nt-valin e (15 fig) on the t-hydroproline-con taining resin I id; "" 10 '1m;
satura tion with Cu H 70 %). Column, 100 x 2 mm 1.D.; eluent , 0.25 N ammonia solution; flow-rate,
5 ml/h; pressure, 20 bar.

Although easy to use, the L-hydroxyproline-containing polystyrene resin ]
displays insufficient enantioselectivity in the chromatography of aspartic and glu­
tamic acid s, asparagine, ornithine, lysine, methionine, alanine and a-a minobutyric
ac id". These racemates, and many other amino acid s, can best be resolved by using
sorbent II obtained by treatment of Bio-Gel P-4 bead s (particle diameter < 64 pm)
with formaldehyde and L-phenylalanine. Thi s type of sorbent has been mentioned
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elsewhere", but no enantioselectivity was found in resolution tests with proline and
valine. In our experiments, sorbent II showed enantioselectivity of at least a = 1.25 in
all systems tested (see Table 1) and a high enough efficiency to resolve all common
amino acids. L-Enantiomers of amino acids are always eluated ahead of the D­

isomers.

TABLE I

PARAMETERS OF AMINO ACID ELUTION ON THE L-PHENYLALANINE-CONTAINING
POLYACRYLAMIDE RESIN II SATURATED WITH CuH IONS TO 60%
Eluent, 2 % ammonium phosphate solution, pH 9.2 . k' = Capacity factor ; a = separation factor.
- --- _ . -- _. -- ---_. ---- _. .._- _._-_...._ -- -
Amino acid k~ k 'D a
_ _ . ___ ._ __ ' ow ' ,. _ _

----, . _, . _-_._-,~-----

Aspartic acid 1.02 1.34 1.31
Glutamic acid 1.13 1.50 1.32
Asparagine 3.04 4.12 1.35
Glutamine 1.47 2.20 1.50
Ornith ine 2.84 3.78 1.33
Lysine 6.85 9.34 1.36
Serine 2.04 2.67 1.31
Threonine 2.52 3.36 1.33
Methionine 3.15 4.98 1.58
Alanine 1.68 2.31 1.36
Valine 1.53 2.35 1.55
Leucine 2.29 3.26 1.42
Norleucine 2.33 3.68 1.58
Isoleucine 1.74 2.79 1.60
Proline 3.19 5.33 1.65
allo-Hydroxyproline 5.25 6.59 1.25
Tyrosine 5.17 7.58 1.37
Phcnylgl ycine 1.51 2.54 1.66
Phenylalanine 3.6 1 4.85 1.34
Tryptophan 8.95 12.7 1.42
---".-_•.._- -.-_."."....

Figs. 4 and 5 demonstrate the resolutions of racemic lysine and methionine
and Fig. 6 the preparative resolution of DL-[3H]alanine . The resolution of DL-[3H]­
glutamic acid on sorbent II was described earl ier". In all experiments with sorbent II,
ammonium phosphate solution of pH 9.2 was used as the eluent. The purification of
the resolved enant iomers to remove mineral salts and trace amounts of Cuz+ was
effected using chelating resins saturated with Cu2+ and free of copper, respectively,
as is described under Experimental.

D280

L-Lys

Z J 4 h

Fig. 4. Chromatography of DL-lysine (300llg) on the i.-phenylalanine-con tain ing resin II td, <; 64
.um; satura tion with CuH 60 %). Column, 300 x 9 mill I. D. ; eluent , 2 % ammonium phosphate
solution, pH 9.2; flow-rate, 30 rnl/h ,
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L-Met

2 h

Fig. 5. Chromatography of DL-methionine (300 Jig) on the t-phcnylal an ine-contalning resin II (d. <
64 11m; satura tion with Cu2+ 70 %). Co lumn, 190 x 8 mm J.D. ; eluent, 2.5 % ammonium phosphate
solution, pH 9.2 ; flow-rate, 25 ml/h .

A

L-Ala

h642
'---~----~--~--~---'--

Fig . 6. Chromatography of DL-[3H]alan ine (315 Jig in 0.1 ml of water ; activity 5.5'109 Bq; specific
activity 1.7 ' 1Ol2 Bq/rnm ol) on the L-phenylalanine-containing resin 11 td; < 64 Jim; saturation with
Cu2+ 70 %). Column, 300 x 9 mm I.D. ; eluent, 0.1 % ammonium phosphate solution, pH 9.2; flow­
rate, 25 ml/h.

CONCLUSION

The reliability and efficiency of the ligand-exchange chromatograph ic resolu­
tion of racemates make it possible to obtain optic ally and radiochemically pure
amino acids from a racemic stock solution shortly before they are required for use.
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SUMMARY

A rapid gas chromatographic method is described for the simultaneous deter­
mination of tetraalkyltin compound s in biological materials. Tetraalkyltins were
rapidly purified by direct passage through a silica gel column after extraction from
the homogenized tissues with n-hexane. Ga s chromatographic analysis was alter­
natively carried out with PEG 20M at temperatures from 50 to 150aC. A hydrogen
flame-ionization detector was more sensitive and selective towards tetraakyltins than
an electron-capture detector. Detection limits reached 1.10-8 g for tetraalkyltins.
Recoveries of tetraalkyltins added to variou s tissues at the 85-nmole level ranged
from 97 to 104%. In vil'o studies indicated that for a sample containing more than
0.1 p,g of tetraalkyltins per gram of tissue , the proposed method is accurate
enough for quantitative analysis.

INTRODUCTION

Organotin compounds have been widely used as polymer stabilizers, fungicides,
insecticides, organic catalysts, oil additives, etc. In recent years, there has been
concern over the potential health danger from these compounds. Toxicological
reports':" have confirmed that tetraalkyltins produce the same effect in animals as
trialkyltins, which are the most toxic organotin compounds towards the central
nervous system. Therefore, it is important that sensitive and accurate methods are

0021·9673/81/OOOO-OOOO/$02.50 © 1981 Elsevier Scientific Publishing Company
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established for the determination of official tolerance limits of tetraalkyltin and other
organotin compounds. In addition, such methods should also be simple and rapid
and capable of determining organotin compounds in various kinds of biological
material.

Numerous methods have been publi shed for the determination of organotin
compounds. However, most of the methods described for the determination of tetra­
alkyltins are incidental to those of trio, di- or monoalkyltins. These include the deter­
mination ofelements in organotin compounds such as tin5-

20
, carbon and hydrogenv",

halogens, nitrogen and sulphur, and the determination of organotin compounds
themselves-"". The determinations of tin in organotin compounds are based on
their conversion into tin(Il) and tin (IV) oxides by oxidation with various oxidizing
agents, and have been conducted by titrimetric':", cornplexometric'<", spectro­
metric I 2 • 13 , gravimetrict-!", volumetric-P:", photometricv!", X-ray fluorescence",
X-ray spectrophotometric'? and polarographic" methods after destruction of the
organotin compounds. For the determination of organotin compounds themselves,
paper chromatographic'V", thin-layer chromatographic":", ultraviolet and infrared
spectrophotometric'", nuclear magnetic resonance spcctrometric-I-" and gas chro­
matographicv'r'" methods have been developed.

Some of these methods, however, are too complicated and others suffer from
unsatisfactory sensitivity, precision, reproducibility and specificity and are therefore
unsuitable for application to the determination oftetraalkyltins in biological materials.
Of the available methods, gas chromatography appears to be the most versatile and
applicable to the determination of tetraalkyltins in mammals.

In this work, we examined the gas chromatographic separation of tetraalkyl­
tins and the purification of tetraalkyltins from biological materials, and established
a rapid procedure for the simultaneous determination of tetraalkyltins in various
kinds of biological materials by gas chromatography.

EXPERIMENTAL

Reagents
Tetraethyltin (Et4Sn), tetrapropyltin (Pr4Sn), tetrabutyltin (Bu4Sn) and tetra­

ethyllead (Et4Pb) were obtained from Aldrich (Milwaukee, WI, U.S.A.). The purity
of these compounds was not less than 98 %. When not of acceptable purity, the com­
pounds were purified by distillation or by silica gel column chromatography (see
Fig. 1). Other reagents included special-grade materials and organic solvents, such as
silica gel (No. IIA, 100-200 mesh, obtained from Nakarai Chemical, Tokyo, Japan)
and n-hexane (provided by Wako, Tokyo, Japan).

Gas chromatography
The instrument was a Shimadzu Model GC-6AM gas chromatograph equipped

with a hydrogen flame-ionization detector (HFID). A glass tube (200 ern X 3 mm
J.D .) was packed with 10% PEG 20M on Shimalite W (80-100 mesh) support. Other
gas chromatographic conditions are given in the figures.

Preparation of tetraalkyltin compounds from tissues
The procedure for the preparation of samples for analysis of tetraalkyltin com-
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Tissue

~ H20, 10 m l

Homogena te

HCl . 8 m f

n -Hex ane, 20 rn t

NaCI , 2 g

Shaking . 5 mi n

Centri fu gat ion , 30 0 0 r p m , 10 m in

n -Hexane laye r

E ffl ue nt
I

GC

Fig. I. Prepar ation of tetraalkyltin compounds from tissues.
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pounds in tissues is shown in Fig. 1. A sample of tissue weighing between 1.0 and
5.0 g (wet weight) was homogenized in 10 ml of water. Concentrated hydrochloric
acid (8 ml) was carefully added to the homogenate and the contents of the tube was
mixed thoroughly and allowed to stand for 5 min. n-Hexane (20 ml), sod ium chloride
(2 g) and a suitable amount of Et4 Pb as internal standard were added and the tetra­
alkyltin s were extracted by shaking for 5 min. After centrifuging for 10 min at
3000 rpm (1000 g), the upper II-hexane layer was transferred to another flask. The
extraction procedure was repeated twice. The II-hexane layer s were combined and
passed directly through a silica gel column (I x 5 em, condit ioned by washing with
n-hexane), then washed with 10 ml of n-hexane. The effluent was collected in a 50-ml
pear-shaped flask and concentrated to an appropriate volume under reduced pressure
at about 20°e. A volume of 1-2 ,ul of the concentrated solution was injected directly
into the gas chromatograph under suitable conditions.

Animals
Randomized groups of five to eight mature male rabbits (Japanese White

rabbit, 3.5-4.0 months old , 2.0-2.3 kg body weight, obtained from Nippon Bio-supp.
Centre, Tokyo, Japan) were used.

Administration of tetraalkyltins
For intravenous administration, tetraalkyltin homologues were first dissolved

in 100%ethanol, then were carefully mixed with saline solution in a syringe (1 part
of ethanol to 2-3 parts of saline solution). The final concentration of ethanol in the
preparation was 20-30 %. The preparation was slowly injected into the ear vein of
rabbits, the dose levels used bein g 2.0 mg/kg body weight for tetraethyltin, 2.5 mg/kg
for tetrapropyltin and 3.0 mg/kg for tetrabutyltin (equiv alent to 8.5 ,umole/kg of each
tetraalkyltin). The rabbits were killed at 30 or 180 min after administration and liver,
kidney, brain and whole-blood samples were prepared for gas chromatographic
analysis of tetraalkyltins.
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Selection of analytical conditions
Gas chromatographic conditions. Using the HFID and an electron-capture

detector (ECD), the resolution of tetraalkyltins was examined on various stationary
liquid phases and retention times, separating state, peak sharpness and sensitivities
were established. The HFJD was more sensitive and selective towards tetraalkyltins
than the ECD. It was possible to elute tetraalkyltins through polar stationary phases
such as polyethylene glycol. In particular, the complete separation of tetraalkyltins
was achieved on a J0 % PEG 20M column within 25 min at temperatures from 50 to
I50 aC (Fig. 2). This column also gave satisfactory peak shapes and sensitivity. Low­
polarity and non-polar stationary phases such as QF-I , SE-52, SE-30, aV-I, aV-17
and squalane could not be used because of adsorption and decomposition of the
tetraalkyltins. The retention time of tetraalkyltins was affected by the polarity of the
stationary phase. With polar stationary phases, tetraalkyltins were separated accord­
ing to their molecular weights and boiling points. The solid support (Shimalite W,
80-100 mesh) used was treated by baking it at 300°C for 5 h, washing it with acid and
alkali, drying it at 50GC and silylating it with dimethyldichlorosilane. The air, hydrogen
and nitrogen flow-rates were 70, 90 and 60 rnl/rnin, respectively .

..
oil
C
o
a.
oil

e
L...

"t]
L.
o
U..

Q:

~
I

o
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10

Retention time

3

4
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Fig. 2. Gas chromatogram of tetraalkyltin compounds. Column : 10% PEG 20M on Shimalite W
(80-100 mesh), 2.0 m x 3 mm J.D. Temperatures: column, programmed from 50 to 150°C at 4°C;
min; HFID, 180°C. Flow-rates : air, 70 ml/min; H2o 90 ml/rnin ; N2, 60 ml /rnin. Sensitivity: 100.
Range: 0.8 V. Peaks : I = Et.Sn ; 2 = Et.Pb (internal standard); 3 = Pr.Sn ; 4 = Bu.Sn.

Internal standard. The internal standard should have a retention time at about
the mid-point of the chromatogram or in this instance an an elution temperature of
about 90-100°C. To minimize errors due to mechanical losses, the internal standard
was added to the crude sample before the preparation steps were begun. Tetraethyllead
seemed to possess the necessary characteristics and hence was selected as the internal
standard.
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Calibration graphs . Standard solutions containing approximately equal con­
centrations (about 10 ,ugjml) of tetraethyllead and varying concentrations (about
5-20,ugjml) of the standard tetraalkyltin compounds in n-hexane were prepared.
Under the gas chromatographic conditions specified in the legend to Fig. 2, calibration
graphs were established for peak heights of tetraethyltin, tetrapropyltin and tetra­
butyltin . Linear calibration graphs indicated good working ranges for the compounds
tested. Detection limits reached 1.10- 8 g for tetraalkyltin compounds.

Samp le preparation. Extraction of tetraalkylti ns from tissues with various
solvents was examined . Tetraalkyltins with a high solubility in organic solvents could
be easily extracted by using low-polarity and non-polar solvents such as benzene,
toluene, n-hexane and ethyl acetate. n-Hexane was selected as the most suitable solvent
for the extraction of tetraalkyltins because it was also suitable for the next step, silica
gel column chromatography. The recovery of double extractions with n-hexane was
about 98 %.

For the purification of tetraalkyltins from n-hexane-soluble sub stances in
biological materials, column chromatography using silica gel was examined. Tetra­
alkyltins were not adsorbed on n-hexane-condit ioned silica gel and cou ld be easi ly
separated from other slightly polar substances. Mono-, di- and trialkyltin compounds
were adsorbed.

Analysis of tetraalkyltin mixtures
Standard solut ions containing various amounts of tetraalkyltins in n-hexane

were analysed according to the proposed procedure. The overall recovery of tetra­
alkyltins was 98-102 % (Table I).

TABLE I

ANALYSIS OF STANDARD SAMPLE

Five standard so lutions of tetraalkyltins were subjected to the gas chromatographic method using
10,ug of tetraethyllead as internal standard. Gas chromatographic conditions arc described in the
legend of Fig . 2.

~----~ - - --

Compound Added Found tug ) Average
( f ig )

1 2 3 4 5 Recovery ( %)fig

Tetraethyltin 10 10.2 9.8 11.3 9.5 10.0 10.2 102
Tetrapropylt in 15 14.8 15.1 15.0 15.4 15.2 15.1 101
Tetrabutyltin 20 19.8 20.0 19.8 19.5 18.9 19.6 98

--- - - - ---.

Addition studies
The application of the method to the analysis of tetraalkyltin s in mammals was

studied by conducting recovery test s on animal tissues . Equal amounts (85 nmole) of
tetraalkyltins were added to various rabbit tissues and the recoveries were determined
(Table II). The average recovery was 97-104 %. There was no difference in the
recoveries from different organs.

Application to in I'im studies
Rabbits given tetraalkylt ins (8.5 pmolejkg of each) intravenously were killed

30 or 180 min after administration, and the concentrations of tetraalkyltins in the
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TABLE II

RECOVERY OF TETRAALKYLTIN COMPOUNDS ADDED TO RABBIT TISSUES
IN VITRO

Three tetraalkyltins (85 nmoJe of each) were added to various tissue s (5 g) and subjected to the gas
chromatographic method using 20 flg of tet raethyllead as internal standard. Ga s chromatographic
conditions are described in the legend of Fig . 2. Each result is the average of five determinations
(mean ± standard error).

Compound Added
(fig)

Et.Sn 20

Bu.Sn 30

Organ Average
--_. _~~---

Found (t-s) Recovery (% )
-- - - --- - - - -------_.. --_._.,---

Blood 20.8 ± 0.2 104.0 ± 0.9
Liver 20.1 ± 0.3 100.4 ± 1.5
Kid ney 20.4 ± 0.3 101.8 ± 1.5
Brain 20.6 ± 0.3 103.0 ± 1.4

Blood 25.6 ± 0.2 102.2 ± 0.9
Liver 25.6 ± 0.3 102.6 ± 1.1
Kidney 25.5 ± 0.3 102.2 ± 1.3
Brain 25.5 ± 0.2 101.9 ± 0.8

Blood 29.0 ± 0.3 96.8 ± 1.1
Liver 30.0 ± 0.4 100.1 ± 1.2
Kidney 29.8 ± 0.4 99.3 ± 1.4
Brain 29.9 ± 0.2 99.8 ± 0.7

liver, kidney, brain and whole blood were determined. The results are shown in
Table III and Fig. 3. This experiment indicated that for a sample containing more
than 0.1 fig of tetraalkyltins per gram of tissue (wet weight), the method is accurate
enough for quantitative analysi s.

TABLE III

DISTRIBUTION OF TETRAALKYLTIN COMPOUNDS IN RABBIT ORGANS AFTER
INTRAVENOUS ADMINISTRATION
Tissue samples (1-5 g) from rabbits given three tetraalkyltins (8.5 pmole/kg of each) were subjected
to the gas chromatographic method using 10 flg of tetraethyllead as internal standard . Gas chroma­
tographic conditions are described in the legend of Fig. 2. Tetraalkyltins are expressed as flgfg of
tissue (wet weight) . Results are means ± standard errors (5-8 an imals per group) .

._-, . _ ~ ..._ --
Organ Compound Time after administration (mill )

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

30 180
-- -- . _-- -- ---~_. - -

Blood Et.Sn 12.3 ± 0.25 7.3 ± 0.10
Pr.Sn 13.2 ± 0.23 2.4 ± 0.04
Bu.Sn 12.5 ± 0.25 2.3 ± 0.04

Liver Et.Sn 5.5 ± 0.07 2.0 ± 0.02
Pr.Sn 1.5 ± 0.02 7.5 ± 0.17
Bu.Sn 1.2 ± 0.02 7.8 ± 0.15

Kidney Et.Sn 3.7 ± 0.05 6.4 ± 0.12
Pr.Sn 3.9 ± 0.05 1.6 ± 0.03
Bu.Sn 2.7 ± 0.03 1.0 ± 0.03

Brain Et.Sn 1.2 ± 0.02 0.5 ± 0.01
Pr.Sn 0.5 ± 0.01 0.6 ± 0.01
Bu.Sn 0.5 ± 0.01 0.6 ± 0.02
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Fig. 3. Gas chromatograms of the liver extracts of rabbit (A) treated with tetraalkylt in compounds
and (b) untreated . Column : 10% PEG 20M on Shimalite W (80-100 mesh), 2.0 m x 3 mm 1.0.
Temperatures: column, programmed from 70 to 130°C at 4 °C/min ; HFlD, 180°C. Carrier gas: N , at
90 rnl/rnin , Sensiti vity : 100. Range: 0.8 V. Peak s: I = Et.Sn ; 2 = Et .Pb (internal standard ;) 3 =
Pr,Sn ; 4 = Bu.Sn.
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Silica gel which is physically coated with a solid substance is still a useful
stationary phase in liquid chromatography (LC), in spite of the high performance of
other LC systems. Such coated systems have been shown to be advantageous for the
separation of geometric' and optical isomersv"; transition-metal complexes':" and
charge-transfer acceptors for complexation with polyaromatic hydrocarbons (PAHs)l-3
are typical examples.

In situ':" coating is a generally accepted method, but this technique possesses
intrinsic problems, such as inhomogeneity of the coating and uncertainty of the
amount of the coating material. In the course of high-performance liquid chromato­
graphy studies on charge-transfer complexation between biological compounds with
PARs we observed that the amount of coating on silica gel seriously affects the
column performance.

We report here the influence of the amount of riboflavin (vitamin Bz), the
coating material, on silica gel for PAR separation.

EXPERIMENTAL

The experimental procedure used for the preparation of the high-performance
column has been reported", Since the purpose of this study was to examine the effect
of the amount of coating on the performance of the column and not to optimize the
conditions, an inexpensive silica gel was employed. A known amount of Partisil 20
(Whatman, Maidstone, Great Britain) was added to an aqueous solution containing
a known amount of riboflavin. Water was evaporated slowly at 80GC using a rotary
evaporator. Coating was complete in 2-3 h. The coated silica gel was finally dried in
high vacuum (1.0 mmHg) at 80GC overnight. A 25 X 0.21 em J.D. stainless-steel
column was prepared by the dry-packing method. In order to ensure comparable
conditions, the same stainless-steel tube was used for the different stationary phases.
A Waters 6000 pump, Reodyne 2710 injector, and LDC UV detector (254 mm) were
employed.

RESULTS AND DISCUSSION

Naphthalene, phenanthrene, and pyrene were taken as a standard mixture in
methylene chloride solution. Silica gel columns which were coated with 0 %, 2 %, 5 %,

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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Fig. 1. Separation of PAHs on a riboflavin-coated column. The peaks are naphthalene, phenanthrene
and pyrene, in order of increasing retention time. Percentages above the chromatogram indicate
coating amount. Column dimensions, 25 x 0.21 ern I.D.; eluent, 10 % CH,Clz-n-hexane; flow-rate,
0.5 mljmin.

10% and 20 % (wjw) riboflavin were prepared. The chromatograms of the standard
mixture on these columns are shown in Fig. I. The striking effect of riboflavin on the
separation can be seen by comparing the chromatogram obtained with the uncoated
silica gel column and the 2 % coated column. The column performance starts to
deteriorate when the amount of coating material is more than 5 %. The retention time
also changes according to the coating amount.

The effective molecular area of riboflavin on silica gel was calculated to be
7.4 nrrr', according to Snyder? Assuming the surface area of the silica gel to be
400 m2jg, ca. 3.3 %coating should provide a monolayer coating. Apparently, exceed­
ing this amount does not contribute appreciably to the retention, but it disturbs mass
transfer by blocking the pores of the silica gel. Furthermore, the surface area of the
coated silica gel is decreased when the coating material is coated as a multilayer. This
argument may explain why both performance and retention decrease with increasing
amounts of coating material on the silica gel. It seems, however, that since a true
monolayer coating is difficult to achieve, the reproducibility of the column in this
range is problematic. For column reproducibility, probably somewhat more than a
monolayer coating is preferential, as long as the column performance is satisfactory.

This study suggests that when coated silica gel is employed for separation, the
surface area and pore size of the silica gel, as well as the effective molecular size of
coating material, dictate the amount of coating required for optimal separation
conditions.
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Colchicine (I), the major alkaloid of Colchicum species, is used in the treatment
of gout, and, together with colchicine derivatives, are of interest as potential antineo­
plastic agents' . We are currently examining the use of microorganisms to prepare
metabolically derivatives of colchicine", Additionally, we are examining colchiceine
(II) and its derivatives as potential microbial metabolites of colchicine':".

Fig. 1. Structural formulas of colchicines and colchiceine. I : R 1 to R. = CH 3, R, = COCH3 ; II:
R1 to R 3 = CH 3, R. = H, R, = COCH3 ; III : R1 to R. = CH 3 , R, = H; IV: R1 to R, = CH3 ; V:
Rl, R2 , R. = CH 3 , R 3 = H , R, = COCH3 : VI: Rl, R3 , R. = CH 3 , R2 = H , R3 = COCH3 ; VII:
R2, R 3, R. = CH 3, R 1 = H, R, = COCH3 ; VIII : R1 to R 3 = CH3 , R. = C2H" R, = COCH3 ;

IX: R6 = CH3 ; X : R6 = C2H,.

In order to analyze and quantify colchicine and five colchicine derivatives in
microbiological systems, we have recently described a selective high-performance
liquid chromatographic (HPLC) procedure", We have also reported a derivatization
technique that enables colchiceine (II) to be determined in the presence of colchicine
(I) by HPLC7

• In complex mixtures, it was discovered that certain derivatives of I
co-chromatographed, and further studies were initiated to determine the retention
behavior of a variety of colchicines with different reversed-phase HPLC systems. In
the present work the retention behavior of colchicine and nine of its derivatives was
evaluated for ternary mobile phase systems (i.e. acetonitrile-methanol-buffer) of
varying concentration. The derivatives studied include the N-desacctylcolchicine (III),
N-desacetyl-N-methylcolchicine (i.e. demecolcine) (IV), 3-demethylcolchicine (V), 2­
demethylcolchicine (VI), l-demethylcolchicine (VII), ethylcolchicinate (VIII), iso­
colchicine (IX), ethylisocolchicinate (X), and N-methylcolchiceinamide (XI). Four
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reversed-phase columns were compared for their relative retention behavior and
conclusions were drawn as to the most suitable HPLC system for rapid identification
of these compounds.

EXPERIMENTAL

HPLC system
A Model 950 pump and 970A variable-wavelength detector (Tracor, Austin,

TX, U.S.A.) with a Model 7120 IOO-,ulloop injector (Rheodyne, Berkeley, CA, U.S.A.)
were employed for all analyses. Detection was at 350 nrn, and a Model HP-3380A
reporting integrator (Hewlett-Packard, Palo Alto, CA, U.S.A.) at an input sensitivity
of 0.1 V/a.u. and a slope sensitivity of I mV/min was used for peak area measurement
and chromatogram recording. The flow-rate was constant at 2.0 or 3.0 ml/rnin.
,uBondapak CIS and phenyl columns were obtained from Waters Assoc. (Milford, MA,
U.S.A.) and LiChrosorb RP-18 and RP-8 columns from Alltech (Arlington Heights,
IL, U.S.A.) Dead time (to) was measured by the pressure fluctuation observed on the
baseline after an injection of mobile phase. Analyses were performed with methanol­
acetonitrile-phosphate buffer mobile phases of varying composition.

Reagents
Organic solvents used in the mobile phase were chromatographic quality

(LiChrosorb; MCB, Cincinnati, OH, U.S.A.). Water was deionized and doubly
distilled in glass. Mobile phases were prepared by filtering individual solvents through
glass fiber pads, GF/F grade (Whatman, Clifton, NJ, U.S.A .) mixing and degassing
by sonication prior to use.

Standard compounds
Colchicine (I) and N-methylcolchiceinamide (XI) were purchased from Aldrich

(Milwaukee, WI, U.S.A.). Colchiceine (II) was prepared as described? by the mild
acid treatment of colchicine according to the method of Zeisel", and was identical to
a sample provided by T. J. Fitzgerald of Florida A. & M. University (Tallahassee, FL,
U.S.A .). Ethylisocolchicinate (X) and ethylcolchicinate (VIII) and isocolchicine (IX)
were prepared as described in ref. 7.

Samples of colchicine derivatives III-VII were kindly provided by Dr. J . A. R.
Mead and Dr. A. Brossi of the National Institutes of Health (Bethesda, MD, U.S.A.).
All standard compounds were homogenous as determined by thin-layer chromato­
graphy (TLC) and HPLC.

RESULTS AND DISCUSSION

The retention behavior of colchicine derivatives I and Ill-XI were studied to
select an appropriate HPLC system. Considerable variation in capacity ratios was
observed with different reversed-phase packings when operating with our reported
mobile phase", as shown in Table I. A 30-cm ,uBondapak CIS column was able to
separate all ten compounds, but the adjusted retention time for the last solute, N­
methylcolchiceinamide (Xl) , was greater than 30 min at a flow-rate of 3 ml/rnin, By
comparison, a shorter IS-em ,uBondapak-phenyl column eluted this compound more
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TABLE I

RETENTIO N BEHAVIOR OF COLCHIC INE DERIVATIVES ON REVERSED-PHASE SILICA
GEL COLUMNS

Aceton itr ile-methan ol-phosph ate buffer (pH 6, 0.022 M ) (16:5: 79) as mobile ph ase. Each packing
particle size = 10utu,

Compound Capacity ratio (k' )

Column "

3-Demet hylcolchicine (V)
2-Demethylcolchicine (VI)
N-Desacetylcolchicine (II I)
I-D emet hylcolch icine (VII )
Demecolcine (lV)
Colchicine ( I)
Ethylisoeo lchic inate (X)
Ethylcolchieina te (VIII )
N-Methylcolchieeinamide (XI )

to(min) at 3 ml/rnin flow-r ate

A

4.1
4. 8
7.1
9.4

10.7
14.2
18.2
26.0
38.5

0.87

B

3.9

10.0
10.7
15.7
21. 1

0.69

C

3.6
4.1
6. 1
7.9
9.4

11.2
14.4
19.8
27.4

1.2

D

5.4
6.3

10.1
14.8
14.8
21.1
27.1
43.1
60.2

0.38

" A = IlBondapa k Ct . (30 em); B = pB ondapak -phenyl (15 em); C = LjChrosorb RP-8 (25
em) ; D = LiChrosorb RP-1 8 (10 em).

quickly, but with some loss in resolution between colchicine and ethylisocolchicinate
(I and X). A 25-cm LiChrosorb RP-8 column produced a similar but slightly more
time consuming separation for most solutes compared to that with the ,uBondapak
CIS column, whi le a lO-cm LiChrosorb RP-1 8 column was unable to sepa rate 1­
demeth ylcolchicine (VII) from demecolcine (IV) but eluted all solutes within 22 min.
This short column was able to sepa ra te completely the ethyl isome rs (VIII and X) and
N-meth ylcolchiceinamide (XI) within 16 min at a flow-rate of 4 mlJmin.

Var iations in capaci ty ra tio were also observed when the composit ion of the
mobi le phase was changed slightly, as shown for the ,uBond apak CIS column in
Fig. 2A-C. A change of 1%in the acetonitrile fract ion in the mobile pha se produced
dramatic chang es in the retentio ns of all of the colchicine derivatives (Fig. 2A), while
an equivalent change in the meth anol fraction did not alter the capacity rat ios as
sharpl y (Fig . 2B). The retenti ons of the easi ly ionizable colch icine derivat ives III and
IV showed major changes as the pH of the phosphate buffer was altered (Fig. 2e),
as had previously been noticed", These two compounds were separa ted most com­
pletely from the other compounds at pH 6 as indicated in Fig. 2C and in Fig. 3. The
non-ionizable colchicine derivatives showed only slight var iations in retention with
changes in buffer pH.

The p Bondapak CIS column pr ovided the best separation for all ten colchi cine
derivatives with the acetonitrile-meth anol-phosphate buffer (pH 6) (16: 5:79) mob ile
phase, as shown in Fig. 3, for a flow-rat e of 3 ml/rnin. Th e N-meth ylcolchiceinamide
peak, which is not included in the figure, eluted at 34.4 min. Th is system has been
chosen for the analysis of colch icine using demecolcine as the internal standa rd
because of its resolving power? Isocolchicine (IX) was the sole colchicine derivative
that was not completely resolved from the internal standard with th is system. It is
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Fig. 2. Capacity ratio (k ') as a function of composition of the ternary mobile phase. Compound
numbers correspond to those described in Fig. 1. (A), Variation of acetonitrile concentration from
15-17 % (phosphate butTer pH 6, 80-78 %) with methanol constant at 5 % ; (B), variation of methanol
concentration from 3-7 % (phosphate buffer pH 6, 81-77 %) with acetonitrile constant at 16%; (C) ,
variation in pH of the phosphate buffer(.u = 0.05,0.022 M in all cases) in a mobile phase composed of
methanol-acetonitrile-buffer (5: 16 :79).

VI

x 0.016 ABS

V

II

VIII XI

o 10
RETENTION TIME (MI NU TES)

20

Fig . 3. HPLC separation of colchicine (I) and derivatives (III-X) on a 30-cm ,uBondapak CIS column
with methanol-acetonitrile-phosphate buffer (pH 6) (5 :16 :79). The compound numbers correspond
to those in Fig . 1.

inconceivable, however, that this compound would be present as a metabolite of
colch icine, and also would not be chosen as a potential internal standard. The iso
derivatives IX and X eluted before the corresponding normal-colchicines I and VIII
on all the reversed-phase packings studied. The increased polarity of the iso series is
also consistent with TLC mobility on silica adsorbents".



NOTES 251

The shorter reversed-phase columns listed in Table I do have utility in specific
analyses, and have proved especially useful for the rapid and complete separation of
the ethyl derivatives VIII and X from colchicine. The lO-cm LiChrosorb RP-18
column is now being employed for the rapid analysis of colchiceine (II) as its ethylated
derivatives (VIII and X) in the presence of colchicine in microbial systems'. It is hoped
that the systems described herein will aid others in specific applications relating to
the HPLC analysis of colchicine and its derivatives.
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The optically active stationary phases used hitherto for the separation of
amino acid , amine and carboxylic acid enantiomers by gas chromatography involve
NH groups linked to the asymmetric carbon atom, which form diastereomeric
hydrogen bonds with solutes. Examples are N-acyl amino acid esters', N-acyl
dipeptide esters! and N-acyl amines",

Recently we found that a-hydroxycarboxylic acid ester enantiomers can be
resolved on amino acid derivatives", This suggested that some a-hydroxycarboxylic
acid esters would be effective as optically active stationary phases and led us to this
work.

In this paper we describe the separation of amino acid, amine and carboxylic
acid enantiomers with di-I-menthyl (+ )-tartrate and di-dl-menthyl (-)-malate as
stationary phases.

EXPERIMENTAL

Gas chromatography was carried out with a Shimadzu GC-7A gas chromato­
graph equipped with a flame-ionization detector. Glass capillary columns (40 m X

0.25 mm J.D.) coated with c-hydroxycarboxylic acid esters were used .
Di-I-menthyl (+ )-tartrate was prepared from (+)-tartaric acid by treatment

with I-menthol in the presence of concentrated sulphuric acid for several hours at
100°C. The ester was extracted with chloroform and the solution was washed succes­
sively with water, I N hydrochloric acid and water. After drying over sodium sulphate
and evaporation, the ester was purified by column chromatography with silica gel
and n-hexane-ethyl acetate as the eluent. Di-dl-menthyl (-)-malate was similarly
prepared from (-)-malic acid by treatment with dl-menthol. The structures of these
esters were confirmed by infrared and nuclear magnetic resonance spectroscopy and
microanalysis. Their specific rotations were [a]b5 = -69° (c = 1.0%, chloroform) in
di-I-menthyl (+ )-tartrate and [a]b5 = _8° (c = 1.2 %, chloroform) in di-dl-menthyl
(- )-malate.

(+)-Tartaric acid, (-)-malic acid and 1- and dl-menthol were commercially
available. Various racemic amino acids, amines and carboxylic acids shown in Table I
were also commercially available. c-Bromo-ji.d-dimethylbutyric acid was prepared
in our laboratory.

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publi shing Company
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The gas chromatographic results are summarized in Table I. Enantiomers of
amino acids , amines and carboxylic acids were resolved into their antipodes. Typical
gas chromatograms are shown in Figs. 1-3.

TABLE I

GAS CHROMA TOGRAPHIC SEPARATION OF AMINO ACID, AM INE AND CARBOXYL­
IC ACID ENANTIOMERS ON OPTICALLY ACTIV E Il-HYDROXYCAREOXYLIC ACID
ESTERS
Glass capillary columns, 40 m x 0.25 mm 1.0. Column temperature, loone. Carrier gas, helium at a
flow-rate of 0.7 rnl/rnin . Stationary phases: A, di-l-menthyl ( + )-tartrate; E, di-dl-menthyl (-)­
malate.

Compound Stationary Retention time' ( min) Separation
phase --- factor, a

First peak Second peak (second/first)

Amino acids":
Alanine A 22.26 (L) 22.71 (0) 1.020

E I I 1.60 (L) 112.80 (0) 1.011
Valine A 3),;4 (L) 33.97 (0) 1.013

E 191.00 (L) 192.50 (0) 1.008
Leucine A 67.07 (L) 68.93 (0) 1.028

Amines :
a-Phenylethylamine ... A 82.34(-) 84.39(+) 1.025
a-(2,5- Xylyl)ethylamine § A 272.00 (-) 281.20 ( +) 1.034
u-Phenylpropylamine I A 164.01 (-) 169.63 ( +) 1.034

Carboxylic acids :
a-Phenylpropionic acid § § A 176.00 ( - ) 178.80(+) 1.0 16
a-Bromo-fi,fJ-dimethylbutyric acid § i I A 62.10 (+) 63.60( -) 1.024

• Measured from solvent peak .
.. Resolved as N-trilluoroacetyl isopropyl ester.

... Resolved as N-pentafluoropropyl derivatives.
§ Resolved as N-trilluoroacetyl derivatives.

II Chrornatographed on 20 m x 0.25 111m 1.0. glass capillary column using helium at a flow­
rate of 1.3 ml /rnin, Resolved as isopropylamide ,

i ii Resolved as tert. -butylamide.

In 1959 Karagounis and Lippold" reported the successful of separation of
some racemic compounds by gas chromatography with ethyl d-tartrate as a chiral
stationary phase, but Goldberg and Ross" reported that such result s could not be
reproduced . Berrod et aJ.7 studied the resolution of some chiral compounds by gas
chromatography on chiral stationary phases derived from (+ )-tartaric acid, such as
(+ )-dodecyl tartrate, and achieved a partial separation of the enentiomers of some
alcohols by measuring the optical activities of trapped fractions at the beginning and
end of the peak corresponding to the racemic compounds, but the separation was
insufficient to observe the commencement of resolution.

To our knowledge this is the first successful gas chromatographic separation
of racemic compounds with a-hydroxyearboxylic acid esters, which possess OH
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Fig. 1. Gas chromatogram of N-trifluoroacetyl-DL-Ieucine isopropyl ester. Glass capillary column
(40 m x 0.25 mm 1.0.) coated with di-/-menthyl (+)-tartrate. Temperature : 100°C. Carrier gas
(helium) flow-rate : 0.7 rnl/rnin.
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Fig . 2. Ga s chromatogram of racemic N-pentafluoropropyl-a-phenylethylamine. Chromatographic
conditions as in Fig . I.

Fig. 3. Gas chromatogram of racemic «-bromo-ji.ji-dimcthylbutyric acid tert .-butylamide. Chroma­
tographic conditions as in Fig . I.

groups linked to the asymmetric carbon atoms, as chiral stationary phases. This result
supports the conclusion reported previously" that OH groups contribute to the
formation of dia stereomeric association complexes for the separation of enantiomers.
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Determination of phenolic compounds in alternate fuel matrices

F . R. G UENTHER*, R. M . PARRIS, S. N . CHESLER and L. R . HI LP ERT

National Bureau of St andards, Center fo r Analytical Chem istry, Washington, DC 20234 ( U.S .A.)

(Received October 17th , 1980)

The increased attention given alternate fuels, such as sha le oil and solvent ­
refined coal, has given rise to the need for faster and more reliable methods of analysis
for toxic compounds in these complex matrices. Th e high concentration of phenolic
compounds found in these alternate fuels (relative to petro leum) has also increased
the need for the developm ent of reliable and rapid ana lytical procedures for these
compounds.

The highly complex nature of the alternate fuel matrices requires high­
resolu tion separat ion techniques to separate and ident ify the pheno lic isomers present.
Previous meth ods have invo lved the usc .of low-resolu t ion packed columns' :" ,
sup port-coated open-tubular (SCOT) columns", and wall-coa ted ope n-tubu lar
(WC OT) columns";", or the use of chemical der ivat ization and subsequent use of
WCOT or packed columnsll -

13
•

In th is paper we describe a meth od util izing a high-resolution WCOT column
for the sepa rat ion and quantitat ion of phenols con tained within a compl ex organic
matr ix. The ut ilizat ion of thi s co lumn, in combina tion with a simplified acid-base
extract ion scheme, produces a fast and reliable meth od for the quantitat ive ana lysis of
phenols at flgfg (ppm) levels in alternate fuel matr ices.

EXPERIMENTAL '

Two alterna te fuels, a shale oil and a solvent-refined coa l (SRC) liquid, were
cha racterized in this work. Th e sha le oil was supplied by the Oakr idge National
Lab orat or y, Oa kridge, TN , U. S.A., and is from the Mah ogany zone of the Colo rado
Green River formation. It had been process ed in a I 50-ton reto rt for in situ simulated
combustion operated by the Laramie Energy Research Center, Laramie, WY, U.S .A.
Th e shale oil had und ergone centri fugat ion to separate water (40 It)) and sludge before
being received at our laboratory. The shale oil was then filtered, homogenized, and
stored in amber a mpoules.

The SRC sa mple is a midd le-to- heavy dist illate from a fuel oil blend obtained

• In order to specify procedures adeq ua tely, it has been necessary to identify some commercia l
mater ials in th is report. In no case does such identification imply reco mmendation or endorsement
by the Na tio na l Bureau of Standards, nor does it imp ly that the material identified is necessaril y the
best avai lab le for the purpose.

0021-9673/8 1/0000-0000/S02.50 © 1981 Elsevier Scient ific Publishing Company
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from the Pittsburg & Midway Coal Mining Co., Solvent-Refined Coal Pilot Plant,
Dupont , WA, U.S.A. The SRC was similarly stored in amber ampoules for sub­
sequent analysis .

Extraction
The alternate fuel sample (ca. 0.6 g) was accurately weighed into a small flask

and dissolved in 50 ml of methylene chloride. An appropriate amount of o-chloro­
phenol, dissolved in methylene chloride, was then added to the sample as an internal
standard. This solution was quantitatively transferred with an additional 50 ml of
methylene chloride into a 250-ml separatory funnel. The acids were then isolated using
an acid-base extraction procedure" adapted from Schmeltz"; Methylene chloride
was substituted for ether in this procedure, because the stabilizing agent (2,6-di-tert .­
butyl-p-cresol) in the ether interferred with final chromatographic quantitation. The
resulting extract was dried over anhydrous sodium sulfate and concentrated under a
stream of dry filtered nitrogen to 1 ml, in preparation for subsequent gas chromato­
graphic (GC) analysis.

Column preparation
The analytical WCOT columns were prepared in our laboratory using the

barium carbonate method of Grob et a[.l6.17. A 20 m x 0.3 mm J.D. capillary column
was pulled from thick-walled borosilicate glass tubing. After the capillary had been
acid-leached and dried , the inside surface was coated with BaC03 by forcing a
saturated solution of barium hydroxide with CO2 gas through the column. The column
was then coated with a 20 %solution of Pluronic L64 (Fluka, Buchs, Switzerland)"
dissolved in methylene chloride. The column was conditioned at 220°C until it
exhibited minimal bleed. Subsequent testing using the procedure described by Grob
and Grob'", revealed a film thickness of ca. 0.07 flm.

The gas chromatograph used for this work was equipped with a pressure­
controlled capillary inlet system and a flame ionization detector. The chromato­
graphic peaks were integrated using a digital integrator capable of internal standard
calculations. The GC conditions used are listed in the caption of Fig. 1.

Qualitative analysis
Peak identification was accomplished utilizing a quadrupole GC-mass

spectrom etry (MS) system equipped with a 20 m X 0.3 mm J.D. Pluronic L64
WCOT column. GC conditions were identical with those used in quantitative analysis
(see Fig. 1). The WCOT column was interfaced to the mass spectrometer through
an "open-slit" fitting constructed out of nickel tubing 0/16 in. O.D. X 0.010 in. J.D .).
The mass spectrometer was operated in the electron impact mode under the following
conditions : electron energy, 70 eV; ionizing current, I rnA; ion source manifold
pressure, 1.10- 5 Torr ; ion source temperature, 200°C ; interface temperature, 250°C.
Mass spectra were scanned repetitively every 2 sec under computer control for the
entire GC run. Isomer identifications were verified by analysis of the mass spectra
and comparisons of retention times of pure phenolic standards.

Quantitative analysis
Calibration factors of all the phenols relative to o-chlorophenol were deter-
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Fig . 1. Chromatogram of acidic fraction from shale oil. Column, 20 m x 0.3 mm J.D., Pluronic L64
WCOT; temperature program, 70°C to 160°C at ZOC/min ; carrier gas , helium; split, 30:1 ; injector
and detector temperatures, 300°C.

mined from a standard solution of gravimetrically prepared amounts of each of the
anal ytes and o-chlorophenol in methylene chloride. Gold weighing boats were used
in the preparation of standard solut ions, after it was shown that using aluminium
weighing boats introduced a large variability in the determination. The concentrations
of the phenols in th e standard solution were made to mimic the concentration of the
ph enol s in the samples as closely as possible. An aliquot of thi s standard was extracted
using the same procedure already described. Subsequent GC anal yses yielded calibra­
ti on factors which were then applied to the data from sample runs to yield quantitative
results.

RESULTS AND DISCUSSION

A chromatogram of the shale oil acids on the Pluronic L64 WCOT column is
shown in Fig. 1. The chromatogram contains over 50 peaks , most of which are
sufficiently resolved for peak area integration with a precision of 5%or better. Peaks
1-14 were identified by GC-MS and retention indices, and are listed in Table I. Of
particular note is the separation of all six dimethylphenol isomers (xylenols), the
cresols, and phenol. Thi s separat ion was achieved using a temp erature pro gram of
70aC initial, programmed to l50 aC at l aC/min. All the CCC3 phenols in the sample
eluted pr ior to a column tempera ture of l30 aC. Retent ion on thi s liqu id phase seems
to be heavily dependent on the amount of steric hindrance, by adjacent methyl groups,
around the polar hydroxy group. Thi s is demonstrated by the elution of the dimethyl-
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TABLE I

IDENTIFICATION OF PHENOLIC COMPOUNDS IN FIG. 2, BOILING POINTS, EX­
TRACTION EFFICIENCIES AND ANALYTICAL RESULTS

n = Not determined.
- ---- - ------- ---- ---- - ---- - - ---- ----- ------ - -----------

- -- ----- --- - ------- -

- - ----- - -------
Concentration found (uste)"Compound Peak No .

Fig . 1
B.p. ( OC)· Extraction

efficiency
Shale oil SRC /lfuel

o-Chlorophenol 1 176 99.1 int ostd. int. std .
2,6-Dimethylphenol 2 212 74.9 168 ± 8 1450 ± 90
Phenol 3 182 99.3 401 ± 4 23,800 ± 1200
o-Cresol 4 191 98.1 384 ± 9 12,500 ± 500
2,4,6-Trimethylphenol 5 219·'· n n n
2,3,6-Trimethylphenol 6 n n n
p-Cresol 7 202 99.3 273 ± 7 15,500 ± 800
m-Cresol 8 203 98.6 327 ± 10 29,100 ± 1900
2,5-Dimethylphenol 9 242 93.4 320 ± 12 8900 ± 500
2,4-Dimethy lphenol 10 214 89.4 387 ± 17 8200 ± 600
2,3-Dimethylphenol II 218 n n n
3,5-Dimethylphenol 12 219 n n n
3,4-Dimethylphenol I3 225 n n n
2,3,5-Trimethylphenol 14 233 ' n n n
- - _ ...,-,--- - _ ..__ .__•.. _- -- _ .._.~--. _,."._,_ .__..__._ .'_..__ ._,._...._._-~ ...-.__.._--_._- "." _.-...

• Ref. 20.
•• Uncertainties are ± l c .

••• Ref. 21.
'Ref.22.

substituted phenols. The sterically hindered 2,6-dimethylphenol (b.p. , 212°C) elutes
prior to phenol (b.p., 182°C), while the least hindered, 3,4-dimethylphenol (b.p.,
225°C), is retained quite strongly.

The concentrations of several of the phenols in the shale oil and SRC are given
in Table I. From this table it can be seen that the total phenolic contents of the shale
oil and the SRC fuel oil are ca. 0.3 and IO %, respectively. The chromatogram of the
SRC fuel oil is shown in Fig. 2. This chromatogram shows a very similar pattern of
phenols to that of the shale oil. The individual concentrations, however, are approxi­
mately two orders of magnitude higher. These experimental results agreed with thos e
determined by a method" using a liquid chromatographic pretreatment followed by
GC-MS quantitation.

The extraction efficiencies were determined by the ratio of the peak areas of
the residual phenols in the extracted organic solution of the standard phenols, with
the phenols in the extract solution. The extraction efficiencies of the se phenols are
listed in Table I. All of the phenols showed an extraction efficiency in excess of 70 %.

CONCLUSIONS

The method described in this paper has been shown to be both a rapid and
straightforward method for the analysis of phenolic compounds in complex matrices,
such as sha le oil. The WCOT column used was shown to be capable of yielding highly
reproducible quantitative separations.
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Fig. 2. Chromatogram of acidic fraction from a SRC II fuel oil. Same conditions as in Fig. I .

It was experimentally determ ined that ca. 500 ng of phenol could be loaded
onto the column without peak broadening or distortion. The large sample capacity
and high resolving power exhibited by thi s column makes it ideal for GC-MS and
GC Fourier transform infrared spectroscopic applications.
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Use of a flame t he rmi o nic detector in t he det e rm inat ion of glucosamine and
ga lactosamine in glycoconjugates by gas chromatography

TOSHIAKI SHINOHARA

Na tional Research Institut e 0/ Police Science, Sanban-cho, Chiyoda-ku, Tokyo (Japan)

(Received Octo ber 6th, 1980)

Gas chromatography (GC) is a convenient tool for the elucidation of carbo­
hydrate constituents of glycoproteins or glycolipids. Recently, trifluoroacetic anhy­
dride (TFAA) has been used as an acylating reagent in the GC separation and determi­
nation of alditols':", Acylated alditols have also been determined on a XF-1105 column
in GC of human gastric mucopolysaccharides'. Tamura et al.' have developed thi s
acylation method for an an alysis of amino sugars. How ever , it seems likely th at no
sa tisfactory result has been obta ined in the determinati on of amino sugars from
natural ori gins, probably becau se of the instability to the trifluoroacetyl derivatives.

Thi s paper describes a rapid determination meth od for glucosa mine and galac­
to samine using a nitrogen-specific flame therm ionic detector (FT D), and gives
appropriate GC conditions for the simultaneou s determination of the neutral and
amino sugars in glycoconjugates of human ori gins.

EXPERIMENTAL

Materials
Standard neutral and amino sugars used were alI commercial products:

group A, L-fucose, L-arabinose, o-rnannose, n-galactose, n -glucosamine hydro­
chloride, n-galactosarn ine hydrochloride ; group B, t -rhamnose, n-xylose, n-glucose,
n-mannosamine hydrochl or ide. The following biological materials were also inves­
tigated : crystalline ovomu coid (trypsin inhibitor fro m chicken egg white ; Sigma,
St. Louis, MO, U.S.A.) ; urinary crude glycopept ides" obtained from blood group
a -secretor (U-SY), A-secretor (U -MS) and B-secretor (U -TS); partially purified
glycoproteins" of blood group H-active (No.5, Fr. I), A-active (No.3, Fr. III) and
B-active (No.2, Fr. I) substances isolated from human ovarian cyst fluids according
to the phenol extract ion method? p -Aminophenol hydrochloride was used as an
internal standard.

A Shimadzu GC-7A gas chromatograph with FTD or a flame-ioni zat ion
detector (F1D) was used. The glass chro matographic columns were as follows:
a, 2 m X 3 mm J.D. , pack ed with 5 % OV-101 on Chromosorb W AW DMCS
(60- 80 mesh); b, 1.5 m x 3 mm J.D ., with 2 % XF- 1105 on Gas-Chrom P (60-80
mesh); c, 2 m X 3 mm J.D. , with 2 % QF-I on Gas-Chrorn P (60- 80 mesh) , mod ified
by the chromatographic system",

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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Methods
Preparation of derivatized sample solution f or CC . To I ml of an aqueous

solution containing 30-200 pg of each of the neutral and amino sugars (group A) was
added I ml of 2 % NaBH 4 containing 0.025 M NaOH in water, and the mixture was
allowed to stand for 2 h at room temperature. After reaction, the excess of NaBH4

was destroyed by adding 0.5 N HCI and the solut ion was concentrated, with several
additions of methanol to remove methyl borate. Th e residue was dissolved in a small
amount of water and the solution was applied to a column (8 X I cm J.D .) of QAE­
Sephadex gels (borate form)" , followed by elution with 25-30 ml of water. The eluent
was discard ed. The adsorbed alditols and amino alcohols on the gels were then eluted
with concentrated HCI-methanol ( I :24 v/v) until the eluent was completely replaced
by this mixture, monitoring with a pH-test paper. The eluent was pool ed and concen­
trated on an evaporator to yield a sugar alcohol fraction containing a considerable
amount of methyl borate.

The concentrated residue was aga in dissolved in a small amount of methanol,
followed by evaporation with several additions of the solvent to remove the borate.
To the residue were added 0.2 ml of p-aminophenol in ethanol solution (360 pg/m!),
and the mixture was completely transferred to a small capped glass tube
(5 em X 5 mm J.D.) by repeated washings with a small am ount of methanol and
water. The mixed solution was concentrated to dr yness by evap oration and standing
in a vacuum desiccator over PzOs. The dried matter was suspended in 50 pi of ethyl
acetate, and 50 pi ofTFAA were added with cooling on icc. Th e mixture was allowed
to stand at room temperature for 30 min, and an aliquot of the reacted solution
(1-2 pi) was applied to the chromatographic column.

The standard sugar mixture of group B was similarly treated and the prepared
trifluoroacetate derivatives were analyzed by Gc.

CC conditions. Standard calibration graphs for th e hexosamine assays were
made by using the OY-IOI column under the following operat ing conditions in the
FTD system : injector and detector temperature, 210°C ; column temperature, l20°C
(isothermal); nitrogen carrier gas flow-rate, 50 ml/rnin ; hydrogen flow-rate, 6-8 ml/
min; air flow-rate, 220 ml/rnin ; electrical heating on an alkali-metal salt bed . A
conventional FID system was also empl oyed. The calibration graphs for the det ermi­
nation of the neutral suga rs were obtained on the XF-1105 column with temperature
programming from 100°C to 160°C at 2°C/min in the FID system under the operating
conditions indicated in Table 1. The internal standard (p-aminophenol hydrochloride)
was used for both calibrations. Relative retention times (R t , min) of the neutral or
amino sugars on the chromatographic columns a-c were recorded with respect to the
standard compound (Table I).

Determination ofcarbohydrate constituents ofglycoconjugates. A 1-2 mg amount
of each of the urinary crude glycopeptides, human ovarian cyst glycoproteins and
ovomucoid were hydrolyzed in 4 N trifluoroacetic acid (TFA) for 16 h at lOO°C in
sealed tube s. After hydrolysis, TFA was removed by evaporation with repeated
additi ons of water. The hydrolyzates were each treated with the reducing reagent, and
the resultant alditols and amino sugar alcohols were subjected to clean-up on the
QAE-Sephadex column, as described for the standard sugar alcohols. To the final
methanol-HCl eluent was added an ethanol solution of p-aminophenol (36--180 pg).
The eluent was evaporated with repeated additions of methanol to remove methyl
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TABLE I

RELATIVE RETENTION TIMES IN SEPARATIONS OF SUGAR MIXTURES

NOTES

Gas chromatograhhic conditions as in the text.

Sugar Column a, OV-IOI Column b, XF-l105
120°C

lOO-160°C no°c

Rhamnose 0.60
Fucose 0.27 0.67
Arabinose 0.25 0.87
Xylose 0.95
Mannose 0.34 1.12
Glucose 1.27
Galactose 0.37 1.32
Glucosamine 0.63 dec. ** 4.12
Galactosamine 0.71 dec. 4.71
Mannosamine 0.69 dec. 5.29
p-Aminophenol (min) 1.00 1.00 1.00

(11.5) (16.2) (1.7)

Column c, QF-l
no°c

0.56
0.65

0.91

1.06
2.29
2.62
2.33
1.00

(3.4)
-------- .__ .... _.._---------- -----------------

* Not examined.
** Considerably decomposed during the development.

borate. The residue was transferred to a small glass tube, followed by acylation with
TFAA as described above. A portion of the resulting solution (1-2 ,ul) was used for
chromatography. Determinations of the hexosamine contents of these biological
samples were carried out on the O'V-Iul column (a) at 120°C in the FTD system.
Determination of the content of neutral sugars were performed on the XF-ll05
column (b) at 10D-160°C (2°C/min) in the FID system.

RESULTS AND DISCUSSION

Fig. 1 shows the calibration graphs for glucosamine and galactosamine
obtained by using FTD or FID. From these the detection limits for glucosamine or
galactosamine were ca. 20 ng with the FTD system and ca. 100 ng with the FID.
The sensitivity of FTD for the amino compounds may generally be varied by changing
the detector arrangement; thus it is possible to raise the detector response at least ten
times higher than the FID response by electrically heating the bed of an alkali source.

Table I gives the R, values of the neutral and amino sugars on these chromato­
graphic columns, with respect to p-aminophenol. The neutral monosaccharides were
satisfactorily separated and determined on the XF-ll05 column with temperature
programming from 100°C to 160°C, using the FID system. However, amino sugars
were considerably decomposed during the development under this conditions. There
was little decomposition or adsorption of the amino sugars on this column in a rapid
analysis and good separations were obtained at 170°C, with only slightly inferior
reproducibility. Determination of glucosamine and galactosamine was satisfactorily
performed with column a packed with the non-polar stationary phase O'V-IO! without
degradation or adsorption on the column at the lower temperature (120°C). However,
in the simultaneous separation of glucosamine, mannosamine, and galactosamine the
R, values obtained were 0.63, 0.69 and 0.71, respectively.
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Fig. I. Calibration graphs for determination of glucosamine ( 0) and galactosamine (0). Internal
standard: p-aminophenol hydrochloride (72 pg). H , jH., M ,jM, = Peak height ratio and weight
ratio of hexosamine to internal standard . Calibration was performed with a chromatographic column
(2 m x 2 rnm I.D.) packed with 5% OV-WI on Gas-Chrom P at 120°C. with either FTD (left graph)
or FID (right graph).
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Fig. 2. Comparison of detector response to the hexosamine assays for ovomucoid (I) , urinary glyco­
peptides (U-SY ) (II) and ovarian cyst glycopro tein (No. 2, Fr. 1) (III) . Upper chr omatograms : FID
system. Lower chromatograms ; FTD system. Analyses were accompli shed with the OV-WI column
at 120°C, and the dat a are indicated in Table II . Peaks: a = glucosamine ; b = galactosam ine; c =
internal standard (p-aminophenol; I, II , 72Jlg; III , 180 Jlg).



266 NOTES

Fig. 2 shows the chromatographic profiles of ovomucoid (I), crude urinary
fraction (U-SY) (II) and ovarian cyst glycoprotein (No. 2, Fr-I ) (III ) for comparison
at the FlO and FTD systems. The upper chromatogram was run with the FlO and
the lower with the FT D. In the FTD mode, glucosamine (a) and galactosamine (b)
were select ively detected and well determined with the internal standard method. The
standard p -aminophenol (c) was found to be suitable, having good stability and appro­
priate R, value, for the determination of both amino sugars. Table II indicates the
carbohydrate composition of the experimenta l biological materials. Th e mono ­
saccharide composition of ovomu coid was est imated as about half that of the puri fied
ovomucoid as rep orted in the literature". Thi s may be du e to the heterogeneity of the
mucoid or the difference in the hydrolysis conditions.

TABLE II

CARBOHYDRATE CON TENTS ( %) IN GLYCOCONJUGATES

U.G . = Urinar y crude glycopeptides ; O.G . = ovari an cyst glycoproteins. The origin s of the
materials and the experimenta l condit ions are as in the text. A minus sign indicate s a value below the
detection limit .
- -_._.-

Mat erial Fucose Mannose Galactose Glucosam ine Galact osamine
(as hydrochloride) (as hydrochloride)

---- ._- -- - -
Ovomucoid 2.7 0.7 8.6
U.G. (U-SY) 1.2 1.9 3.1 7.0 1.5
U.G . (U-MS) 0.6 1.6 1.8 6.3 2.0
U.G . (U-TS) 0.6 1.0 2.1 4.2 0.9
O.G. (No.5, Fr. I) 14.0 1.0 14.4 18.0 3.4
O.G . (No . 3, Fr. Ill) 12.0 24.6 30.1 7.7
O.G . (No. 2, Fr. I) 3.5 1.0 9.5 7.7 2.8
._---- - - --- -- -_._----_._ - _..-..

Acylation of neutral and amino sugar alcohols is often performed with acetic
anhydride, as for the chemica l characterization of glycoprotein'? or glycolip id!' .
Acetylated amino alcoho ls are chemicall y more stable than the trifluoroacetylated
compounds. Ho wever , they may lead to problems such as time -consuming prepara ­
tion or column temperatures over 220°C in Gc. Nevertheless, the triflu oroacetates of
glucosamine and galactosamine were sa tisfactorily analyzed at the lower column
temperature without any degrad ation. There are a few problems in the separation and
determination of the amino sugars in glycoconjuga tes in thi s experimental system:
(I) reduction to the amino alcohols requires the somewhat rigorous treatment with
2 %NaBH4 in 0.025 M NaOH ; (2) impurities must be compl etely removed from the
amino alcohols with QAE-Sephadex gel (borate form) filtration; (3) a suitable chro­
matographic column packed with a non-polar stationary phase such as the silicone
OV-JOI is required for a satisfactory determination.

The usefulness of FTD, already acknowledged in the determination of nit rogen­
and phosphorus-contain ing cornpounds' I", has again been demonstrated in this
hexosamine assay .
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Analysis of neutral sugars of the glycoproteins by gas chromatography (GC)
and of the amino sugars from the same sample by ion-exchange chromatography was
the most widely accepted procedure' until Niederrneir' first separated the hexosam ines
in glycoproteins by GC of the alditol acetate deri vatives. Although glucosamine was
separated from galactosamine by th is method with good resolution, mannosamine
was not separated from galactosamine. Also, rhamnose was not resolved from fucose
and ribose was not resolved from arab inose. These workers used a 6 X t in. glass
column packed with 1% ECNSS-M on Gas-Chrorn A. Griggs et a/.J reported identical
results using Gas-Chrom P (l00-200 mesh) precoated with a mixture of 0.2%ethylene
glycolsuccinate, 0.2 % stabilized ethylene glycol adipate and 1.4%silicone XE-60 with
temperature programming, beginning at 150°C with a pro gram rate of 1°C/min to a
final temperature of 205°C. A separation of 6 neutral and 2 amino sugars was reported
by Metz et al.' who used OV-225 and determined the optimum hydrolysis conditions
for their recovery from glycoprotein samples. Niedermeir and Tornana" in a subsequent
study reported an effective separation of the alditol acetates of the three hexosamines
using a polyamide (Poly A 103) liquid phase, but galactose was not separated from
glucose and rhamnose and ribose were not included in the known mixture. A common
con stituent of acidic polysaccharides of plant gums and hemicelluloses has been
identified as 4-0-methyl-D-glucuronic acid. One of the procedures" for its determi­
nation involved reduction of the polysaccharide before hydrolysi s and the 4-0-methyl
glucose thus formed was subsequently identified as its alditol acetate derivative.
Holzer et al.', using a 20 m x 0.3 mm glass capillary column coated with a 9:1
mixture of N-propionyl-L-valine-tert.-butylamide polysiloxane and Witoconol LA23,
with temperature programming from 90-200°C at 6°Cfmin, reported a separation of
alditol acetates of the common neutral sugars. However, when this procedure was
applied to the analysis of plant gums and hemicelluloses which contain 4-0-methyl­
n-glucuronic acid, the alditol acetates of mannose and 4-0-methyl-o-glucose were
not fully separated".

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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In the present report a chiraI stationary phase was used for the first time
during gas-liquid chromatographic (GLC) analysis of a mixture of neutral sugars
and the three hexosamines. By using a longer glass capillary column of35 m X 0.3 mm
coated with the same mixture, a complete separation of the alditol acetates of the
commonneutral sugars including 3-0-methyl- and 4-0-methyl-n-glucitols was accom­
plished. An application of this method for the separation of the alditol acetates from
the hydrolysate of reduced polysaccharide from Daemonorops species is described.

MATERIALS AND METHODS

GC was carried out on a Varian Aerograph 2000, adapted for glass capillary
work. In addition, the alditol acetates were analyzed by GLC-mass spectrometry
(MS) using an LKB instrument. Identification was done by a comparison of retention
time data and mass spectral fragmentation patterns with those of known standard.
The glass capillaries were drawn from Pyrex glass, having a I.D. of 0.3 mm. For the
analysis of the alditol acetates, columns of 20-35 m were etched with 5% KHF3

solution" and deactivated using the Carbowax 20M method". The column was then
coated with a 0.2 %stationary phase , consisting of 90 % N-propionyl-L-valine-tert.­
butylamide polysiloxane and 10% Witconal LA 23 as surfactant using the static
method. The column was conditioned at 230°C with a low helium carrier gas flow-rate.
For the analysis of the alditol acetates the column was operated at helium flow-rates
between 4 and 6 ml/rnin and temperatures up to 200°C.

Solutions (0.05 M) of alditol acetates of neutral sugars were purchased from
Regis (Morton Grove, IL, U.S.A.) while the remaining monosaccharides were
derivatized by the procedure outlined in the Operation Manual supplied by the above
company. Polysaccharide material (B-fraction) was isolated from benzene extracted
hemicellulose of Daemonorops species after releasing it during the delignification by
the method of Whistler et al:": The purified polysaccharides were reduced by reaction
of the propionated methyl ester with lithium borohydride in tetrahydrofuran,
hydrolyzed with sulfuric acid, reduced with sodium borohydride and acetylated by
the procedure of Dutton and Kabir".

RESULTS AND DISCUSSION

Chiral polysiloxane phases were introduced by Frank et al.ll , l 2 for the sepa­
ration of enantiomeric amino acids. The polarity of the phase and its thermal stability
make it useful for the analysis of a variety of compounds'>.

Gas chromatograms of the mixture of aiditoI acetates of the 13 common sugars
and the three hexosamines is shown in Fig. I. The peaks were identified by co­
chromatography and GLC-MS. The results showed that except for the acetates of
n-mannitol and 4-0-methyl-n-glucitol, all of the other alditol acetates were well
separated by this method. The procedure can be applied for the identification of
sugars in the glycoproteins which contain one or more neutral and amino sugars.

In order to obtain a complete separation of n-mannitol and 4-0-methyl-n­
glucitol, the sample mixture of 13 alditol acetates was injected in a 35 m X 0.3 mm
glass capillary column. The results presented in Fig. 2 showed that all of the com­
ponents were fully separated. The longer column used in this study prolonged the
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Fig. 1. Gas chromatograph of ald ito l acetates of the neutral sugars and the three hexosam ines.
Column : 20 m x 0.3 mm glass capillary column coated with 9 :1 mixture of N-propionyl-L-valine­
tert-butylamide po lysiloxane and Witconal LA 23. Temperature : SD-200°C at 4°C/min for 30 min
and isothermal at 200 °C. Helium pressure: IS p.s.i .. flame-i oni zation detector. Peaks : 1 = erythritol;
2 = o-2 -deox yribitol ; 3 = t.-rhamnitol ; 4 = t-fucitol; 5 = ribit ol; 6 = arabitol ; 7 = xylitol ; S =
o- 2-deox yglucitol; 9 = 3-0-methyl-o-glucitol; 10 = 4-0-methyl-D-glucitol ; 11 = o-mannitol; 12 =
n -galactitol; 13 = o-gl ucitol ; 14 = N-acetyl glucitol; 15 = N-acet yl-galactitol; 16 = acetyl man­
nitol.
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Fig . 2. Gas chromatograph of alditol acetates of the neutral sugars on a 35 ill x 0.3 mm glass
capillary coated with the same mixture as in Fig . 1. Temperature program : SD-200°C at 4°C/min and
isothermal at 200 °C; Peaks 1-13 same as in Fig . 1.
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Fig. 3. Gas chromatograph of alditol acetates from the hydrolysate of reduced polysaccharide from
Daemnorops species. Column, helium pressure and peaks were the same as in Fig. 2. Temperature
program : l00-200°C at 4°C/min and isotherm al at 200°C.

analysis time in comparison with Fig. I but a complete separation of all sugars was
obtained. This procedure would be recommended for the analysis of sugars in plant
gums or hemicelluloses which may contain 4-0-methyl-o-glucuronic acid and one or
more neutral sugars.

The GLC profile of the alditol acetates of the sugars from the hemicellulose
of Daemonorops species reported in Fig. 3 showed the presence of arabinose, xylose,
4-0-methyl-o-glucuronic acid, galactose and glucose. The results reported? earlier
with the 20-m capillary column showed that D-mannitol and 4-0-methyl-o-glucitol
were so close to each other that without mass spectral fra gmentation pattern, the two
could not be identifi ed. In thi s study, however, by GLC alone or by co-chromato­
graph y, the two components could be easily identified. The components which
emerged between 120 and 180°C before the alditol acetates may be the result of
impurities in the polysaccharide or from the reagents used in the isolation of the
sugars. The advantage of the chiral phase in the analysi s of alditol acetates is its
potential thermal stability as well as good resolving power.
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During organic geochemical research dealing with the occurrence and com­
position of po lysaccharides in recent marine sediments, a gas-liquid chromatographic
(OLC) separation is required by which mixtures of monosaccharide derivatives can
be baseline separated.

To avoid complex mixtures of anomeric monosaccharides, the hydrolytically
released monosaccharides can be reduced to the corresponding alditols. The alditol
mixture is subsequently derivatized into the alditol acetates. The OLe separation of
alditol acetates on columns packed with OV-275 1 and ECNSS-M2-s has been reported.
In the latter case the column is usually operated under conditions close to the maxi­
mum operating temperature, which limits column life". Moreover, a baseline sepa­
ration of some of the alditols used in these studies is not achieved. Holzer et al.'
applied a glass capillary column coated with a chiral phase. Their results show that
the separation of rhamnitol /fucitol and ribitol/arabitol is not complete. This report
describes the baseline separation of ten alditol acetates using a glass capillary column
coated with OV-275.

EXPERIMENTAL

The ten alditols used as standards in this study are listed in Table 1. They are
commercially available from various companies. The standard mixture of the alditol
acetates was prepared by acetylation of a mixture of the alditols, containing equal
amounts (by weight ) of the individual alditols. The acetylation was performed in a

TABLE I

THE ALDlTOLS USED AS STANDARDS IN THIS STUDY

AIditol No. Alditol No .
.---.-- - -

Erythritol 1 Xylitol 6
Rhamnitol 2 Mannitol 7
Fucitol 3 Gal actitol 8
Ribitol 4 Sorbitol 9
Arabitol 5 m-Inositol 10

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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sealed vial with pyrid ine-acetic anhydride (I :1) at 100°C during 2 h. After evaporation
of the acetylation reagent the alditol acetate mixture was dissolved in dichloromethane.

The natural mixture of monosacchar ides was obta ined from a diatomaceous
ooze sample from the Namibian Shelf (S.W. Africa, 22°51.5' S, 14°14.5' £)8. The
sample was lyoph ilized and hydrolysed with I M H2S04 du ring 3 h at 100°C. The
hydrolysate was neut ralized with BaC03 and reduced with Na BH4• Subsequent
acetylation was perform ed as described above.

GLC was carr ied out on a Varian 3700 gas chromatograph equipped with a
glass capillary column (25 m x 0.25 mm J.D .) coated with OV-275 (Chrompack,
Middelbu rg, The Netherlands). The temperature was programm ed from 190 to 215°C
at 10Cjm in. Fu rth er GL C cond itions: injector, 250°C; flame ionization detector ,
250°C; carrier gas, helium at a flow-rate ca. 1.5 mljmin ; helium pressure, 18 p.s.i.;
splitter, 30 mljmin; attenuator, 1.10 - 11 rnA.

Identi ficat ion of the acetates was based on the retent ion times of the individual
alditol acetates.

RESULTS AND DIS CUSSION

Fig. I shows the gas chromatogram of the standa rd alditol acetate mixture.
The peak numbers correspond to th e aldito ls listed in Table l. All comp onents are
baseline separa ted, thu s allowing a complete qualitative and quantitative analysis of
monosaccharides as their alditol acetates.

Fig. 2 shows the gas chromatogram of the mixture obtained from the diato­
maceous ooze sediment after hydrolysis, reduction and derivati zati on. m-Inositol was
added as an internal standard. The relati ve retent ion times of the main peaks corre-
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Fig . I . Gas chro matogram of a sta ndard mixture of ten aldito l acetates. The peak numbers cor­
respond to the alditols listed in Table 1.

Fig. 2. Gas chromatogram of the alditol acetates obtained from a recent sediment. m-Inositol (10)
was add ed as an internal sta ndard . The peak numbers cor respond to the aldito ls listed in Table 1.
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spond exactly to tho se of the alditol acetates in Fig. I. Ultimate identification of both
major and minor peak s has to be achieved by GLC-mass spectro metry.

The abundance of rhamn ose and fucose in the ooze sample is not unexpected
since these monosaccharides are major building blocks of algal polysaccharidesv " .
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Porous glass, which was developed for exclusion chromatography', adsorbs
proteins and is used for adsorption chromatography of proteins", To prevent such
adsorption, porous glass can be siliconized and used for exclusion chromatography
of proteins". The coated glass adsorbs hardly any protein at low concentrations of
salts. However, at high concentrations of salts, the coated glass adsorbs significant
amounts of protein by hydrophobic bonding", Lymphocytes can be separated on
siliconized glass beads':", This paper reports the separation of proteins on siliconized
porous glass.

MATERIALS AND METHODS

The porous glass used was CPG-lO 240 A (Electro-Nucleonics, Fairfield, NJ,
U.S.A.). After being washed with a chromic acid mixture and then water, the glass
was dried at 180°C. Then 1 g of dried glass was mixed with 3 ml of carbon tetra­
chloride containing 50 mg of silicone oil (dimethylpolysiloxane, KF 96; Shi-Etsu
Chemicals, Tokyo, Japan). After evaporation of the carbon tetrachloride, the
glass was tightly coated with silicone by heating at 300°C for 5 min. The surface area
of coated glass was measured to be 51.7 m2jg of the glass, using an Orr Surface-Area
Pore-Volume Analyzer (Micromeritics, Norcross, GA, U.S.A.) with nitrogen gas.

The coated glass was precipitated in 1%sodium dodecyl sulphate (SOS)-0.2 M
phosphate solution (pH 7.4) and the precipitated glass was packed in a column
(4.5 X 0.75 cm 1.0.; 1 g, 2 ml)", The SOS was removed by thoroughly washing with
ca. 100 column volumes of degassed hot water?

A solution of 1 rnl containing 5 mg of hemoglobin (Sigma, St. Louis, MO,
U.S.A.) and 5 mg of bovine serum albumin (Miles, Elkhart, IN, U.S.A.) was applied
to the column, which was previously equilibrated with buffers. After the elution of
the buffer, the protein adsorbed was eluted with I %SOS-0.2 M phosphate at pH 7.4.
The fraction volume collected was I ml and the elution was carried out at room
temperature. The recoveries of total protein and albumin were determined by the
measurements of the absorbance at 280 nm. The recovery of hemoglobin was deter­
mined from the absorbance at 541 nm. Globulin was prepared from bovine serum by
fractional precipitation with ammonium sulfate (20%, wjw). Globulin (10 mg) was
dissolved in 2 ml of 0.01 M phosphate (pH 7.4) and the solution was applied to the
column. Proteins in the fractions were analyzed by polyacrylamide gel disc electro-

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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phoresis for albumin and hemoglobin" or by electrophoresis on cellulose acetate for
globulin. The stained gels and cellulose acetates were treated with an autodensitometer
(Fujiriken).

RESULTS AND DISCUSSION

Fig. I shows the elution patterns of a mixture of bovine hemoglobin and
albumin on the silicone-coated porous glass columns. The proteins were only slightly
eluted with 10 mM NaCI and eluted partially with 1% SDS-0.2 M phosphate solution
(Fig. IA). The overall recovery of proteins was 34%and that of hemoglobin was 16%,
from the measurement of the absorbance at 541 nm.
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Fig. I . Elution profiles of a mixture of albumin (5 mg) and hemoglobin (5 rng) on a silicone-coated
porous glass column (4.5 x 0.75 em J.D .). The butTers used were (A) 10 mM NaCl-0.2 mM phos­
phate (pH 7.4); (B) 5 mM Tris -HCl (pH 7.6); (C) 5 mM Tris-HCI (pH 7.6) containing 10 mM
glutamic acid. At fraction 20 of each chromatogram, the columns were eluted with 1 % SDS-O.2 M
phosphate (pH 7.4).

Fractions 2 and 3 in Fig. 1B, eluted with 5 mM Tris-HCI, did not contain
hemoglobin since the fractions did not show the absorbance at 541 nm of hemoglobin.
Fig. 2 shows the result of tracing of the disc gel stained of fraction 2 in Fig. IB, and
the pattern indicates that fraction 2 does not contain hemoglobin but only albumin.
The recovery of albumin in fractions 2 and 3 in Fig. IB was 32%. More proteins
loaded on the column were eluted with I % SDS-0.2 M phosphate. The overall
recovery of proteins was 42%and that of hemoglobin was 19%.
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Fig. IC shows the results of the elution with the Tris-HCI buffer containing
10 mM glutamic acid, to prevent adsorption. Some of the hemoglobin passed through
the column, as indicated by the adsorbance at 541 nm . As shown in Fig. 2, the disc
gel pattern of fraction 2 in Fig. 1C indicated the contamination of hemoglobin with
albumin. However, more proteins were eluted with the SDS solution. The overall
recovery of proteins was 61 % and that of hemoglobin was 31 %. The result s in
Fig. IC indicate non-separation of proteins, even though the recovery was better.

Fig . 3 shows the elution patterns of bovine globulin in 0.01 M phosphate on
silicone-coated glass. The electrophoretic patterns on cellulose acetate of fractions 2-5
in Fig. 3 is shown in Fig. 4, with the results of bovine serum and raw materials of
globulin in Fig. 3. The recovery of proteins in fractions 2-5 was 25 %of the proteins
loaded on the column. The electrophoretic patterns in Fig. 4 indicate that the main
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Fig. 3. An elution profile of globulin (10 mg) on a silicone-coated porous glass column (4.5 x 0.75
cm I.D.) in 0.01 M phosphate (pH 7.4).
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globulin in fractions 2-5 was az-globulin. The f3- and y-globulins were not eluted
with phosphate buffer from the column, and some parts were not eluted with the
SDS solution since y-globulin has a strong affinity for silicone-coated glass. Also, the
Fe portion of surface immunoglobulin binds to detergent by hydrophobic bonding".

These results show that some proteins are separable on silicone-coated porous
glass after careful selection of buffer . However, the method does not give complete
elution of proteins adsorbed on the glass with natural buffers. The system effectively
separates proteins of low affinity from proteins of high affinity . In the se experiments,
I g of glass was used for the separation of 10 mg of a protein mixture. More than
10 mg of protein could be used becau se the maximum amount of protein adsorbed
on I g of glass is ca. 80 mg. If a larger column is used, more proteins should be sepa­
rated. This method might not be applicable to the fine separation of proteins but
rather to the large-scale preparation of proteins.

The surfaces of non-coated glass are labile and enzymes bound on non-coated
glass for a long time are inactivated on storage10. Enzymes adsorbed on the surfaces
of coated glass are stable and the glass is useful as a support for the immobilized
enzymes. Hemoglobin adsorbed on coated glass is not eluted with 10% ethanol, 10%
butanol, 10%acetone, water saturated with octyl alcohol, 0.1 M sodium thiocyanate,
or 7 M urea. The conditions for elution of hemoglobin or other proteins strongly
adsorbed on coated glass require further investigation.

CONCLUSION

Proteins were separated by adsorption chromatography on siliconized porous
glass in a water medium . A mixture of bovine serum albumin and hemoglobin in
5 mM Tris-HCI (pH 7.6) was applied on a coated glass column. Albumin passed
through the column with a recovery of 32% and was separated from hemoglobin,
which was adsorbed on the column. The results of loading of bovine globulin in
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0.01 M phosphate (pH 7.4) on the column showed that arg10bulin was eluted and
fJ- and y-g10bulins were adsorbed by hydrophobic bonding. Silicone-coated glass
should be useful for the large-scale preparation of proteins or other substances in
aqueous media.
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Simultaneous quantitation of thioureas in rat plasma by high-performance
liquid chromatography

HIROKO KOBAYASHI·, OSAMI MATANO and SHINKO GOTO

Chemistry Division, Institute of Environmental Toxicology, Suzuki-cho 2-772, Kodaira, Tokyo 187
(Japan)

(Received November 11th, 1980)

Certain thioureas have been reported to be carcinogenic and teratogenic in
mammals. Thiourea (TU) and tetramethylthiourea are carcinogens toward rats and
mice":", Methylthiourea and ethylthiourea have been found to have teratogenic
effects in rats", 1,3-Dimethylthiourea induced conjunctivitis and dermatitis of the
eyelids of textile workers", Ethylenethiourea, which is a degradation product of
fungicidal ethylenebisdithiocarbamates, has carcinogenic and teratogenic properties
in rats or mice":", For monitoring these toxic thioureas and related compounds in
animals, a selective and effective method is required.

Current methods for determining TU and ETU include thin-layer chromato­
graphy (TLC)lo.ll and gas-liquid chromatography (GLC)1l-14.

This paper describes a superior method for the isolation, identification and
determination of thioureas in rat plasma by high-performance liquid chromato­
graphy (HPLC) without derivatization.

EXPERIMENTAL

Materials and reagents
Thiourea (TU) was obtained from Kanto Chemical (Tokyo, Japan),

methylthiourea (MeTU), ethylenethiourea (ETU) and 1,3-diethylthiourea (l,3-DETU)
from Tokyo Chemical (Tokyo, Japan), ethylthiourea (EtTU) from ICN Pharma­
ceuticals (Plainview, NY, U.S.A.) and 1,3-dimethylthiourea (l,3-DMTU) from
Nakarai Chemicals (Kyoto, Japan). l,l-Dimethylthiourea (l,l-DMTU) was
synthesized from dimethylammonium chloride and ammonium thiocyanate by the
method mentioned below. A standard solution of thioureas was prepared in distilled
water. HPLC-grade methanol was obtained from Wako (Osaka, Japan). All other
reagents were of analytical-reagent grade. The silica gel used for column chromato­
graphy was Kieselgel 60 (0.063-0.200 mm, 70-230 mesh) from E. Merck (Darmstadt,
G.F.R.).

Synthesis of Ll-dimethylthiourea
l,l-Dimethylthiourea was synthesized by modifying the method of Gebhart",

which was devised for preparing l-methyl-l-phenylthiourea,

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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Ammonium thiocyanate (28.5 g, 0.375 mol) in distilled water (20 ml) was
added to dimethylammonium chloride (20.25 g, 0.248 mol). The mixture was stirred
for 50 h at 100°C, then rendered alkaline with 10% sodium hydroxide solution. The
solution was extracted three times with 300 ml of ethyl acetate and the extract was
washed three times with 25 m of distilled water. The organic phase was dried over
anhydrous sodium sulphate and evaporated in vacuo. The residue was extracted with
100 ml of hot chloroform and, after evaporation to dryness, the residue was purified
by recrystallization from ethanol to give 1,l-dimethylthiourea as colourless needles,
m.p. 161°C, with the following properties: infrared, 'V~~:.3390, 3280, 3190,1625,1545,
1420, 1365 em-I; UV, A~~~?H 243 nm; mass spectrometry, mjz 104 (M+, 100%),
90(0.2%),88(2.9%),76(3.0%),74(0.3%),73(2.1 %), 71(6.1 %), 60(21.1 %), 44(63.8%);
IH-nuclear magnetic resonance (CZHCI

3) , b 3.3 (6H, s, 2 x CH 3) , 5.77 (2H, broad s,
NHz). Elemental analysis: calculated for C3H8NzS, C 34.62, H 7.69, N 26.92; found,
C 34.48, H 7.69, N 26.81.

Apparatus
All analyses were carried out using a Jasco-Tri-Rotal high-performance liquid

chromatograph (Japan Spectroscopic, Tokyo, Japan) equipped with a Uvidec-lOO
spectrophotometer monitoring the absorbance at 240 nm. The column (25 em x
4.6 mm 1.0.) was packed with ODS SC-02 (Japan Spectroscopic) and eluted with 5 %
methanol in water at a flow-rate of 0.8 mljmin (48 kg/ern') and ambient temperature.
The detector sensitivity was set at 0.256 or 0.032 a.u.f.s.

Plasma
Adult male Wistar rats were anaesthetized with diethyl ether. The blood was

collected with heparinated syringe and then centrifuged at 3000 rpm for 5 min. The
supernatant was used for study.

Plasma extraction procedure
Plasma (1-2 ml) was shaken vigorously for 10 min with 5 ml of ethanol. The

mixture was centrifuged at 3000 rpm at room temperature for 20 min, then the organic
layer was carefully transferred to a flask and evaporated to dryness under a stream of
nitrogen. The residue was dissolved in a small volume of chloroform and applied to
a 125 X 15 mm 1.0. silica gel column (10 g). After the column had been washed
with 20 ml of chloroform and with 20 ml of 3 % methanol in chloroform, 1,3-DETU,
ETU, 1,3-DMTU and 1,I-DMTU were eluted with 60 ml of 3 % methanol in chloro­
form, and TU, MeTU and EtTU with 100 ml of 10% methanol in chloroform.

These fractions were concentrated to about 1 ml in vacuo at 40°C, and then
blown to dryness with a stream of nitrogen. The residue was dissolved in 2 ml of
mobile phase and this solution was injected into the HPLC system.

RESULTS AND DISCUSSION

The wavelengths of maximal absorption for TU, MeTU, EtTU, 1,1-DMTU,
1,3-DMTU, 1,3-DETU, TMTU and ETU were 242, 240.5, 242.5, 243, 239, 242,
255.5 and 239.5 nm, respectively. For the simultaneous determination of these com­
pounds, 240 nm was selected as a reasonable wavelength to monitor the chroma­
tograms.
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Normal- and reversed-phase partition systems were compared and the reversed­
phase system (SC-02) with 5 ~~ methanol in water as the mobile phase at ambient
temperature was found to be best for separating most of the thioureas.

The only exception was for TMTU, which gave a long retention time (I 12.0
min) and broad peak on the reversed-phase system. In contrast , a normal-phase
system (SS-05) with 3% methanol in chloroform-a-hexane (80:20) as the mobile
phase gave a sharp peak at a retention time of 4.5 min and was therefore suitable for
the determination of TMTU.

A typical chromatogram obtained from a rat plasma sample is shown in
Fig. 1. The retent ion times for TU, MeTU, ETU , EtTU, J,3-DMTU, l ,l-DMTU
and 1,3-DETU were 4.0,5.2,6.0,8.9,9.0, 11.2 and 40.6 min, respectively. Five of the
tested compounds were clearly separated. However, EtTU and J,3-DMTU could not
be separated under these or any other conditions. However, these two thioureas can
easily be separated by column chromatography on silica gel. When 3% methanol in
chloroform was used as eluent in the silica gel column, ETU, 1,3-DMTU, l ,l-DMTU
and J,3-DETU could be eluted and separated from the other thioureas, which were
eluted by 10%methanol in chloroform (Fig. 2).

4 /5

7

o 10 20 30 40 :10

MINUTES

Fig. 1. Chromatogram of a standard mixture of thioureas. Co lumn, SC-02 (25 ern x 4.6 mm 1.0.) ;
mobile phase, wate r-methanol (95 :5); flow-rate, 0.8 rnl/rnin ; temperature, ambient; wavelength of
detection, 240 nm; sensit ivity, 0.25 6 a .u .f.s.: amounts injected , 200 ng of each compound. Peaks:
I = TU ; 2 = MeTU ; 3 = ETU; 4 = EtTU ; 5 = 1,3,-OMTU ; 6 = 1,I-OMTU ; 7 = 1,3-0ETU.
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Fig. 2. Chromatogram of plasma spiked at I ppm. Operating conditions and peak s as in Fig. I,
except 0.032 a.u.f.s. ; (A) 3 % meth anol in chloroform fracti on , 50 ng of each compo und injected;
(B) 10% methanol in chloroform, 25 ng of each compound injected.
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Calibration graphs were prepared for TU, MeTU, EtTU, ETU, I,l-DMTU,
1,3-DMTU and 1,3-DETU by plott ing the peak height or peak area against amount,
as illustrated in Fig. 3. Linear relationships were obtained in the range 15-200 or
100-400 ng for each compound.
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Fig. 3. Calibra tion graphs for determ inati on of th ioureas. Range of amounts: 15- 200 ng for TU,
MeTU and EtTU; 100--400 ng for ETU, 1,3-DMTU, I,I-DMTU and 1,3-DETU. Peak area was
used only for 1,3-D ETU.

Table I gives the recovery data obtained for the plasma. The th ioureas were
recovered in high yield at concent rations from 1 to 100 ppm.

The detection limits were 0.05 ppm for 1,I-DETU and 0.02 ppm for the others
(sample, 2 ml ; injection volume, 100 f.ll).

TABLE I

RECOVERY OF THIOUREAS
- - - - . . .~ - ------ -

Amount added Recovery ( %) •
(ppm) . _. .._- -. .-- _. ._- - - - ~ . - .. .-

T U Me TU ETU EtTU 1,3-DMTU l ,l-DMTU 1,3-DETU
~------- ~ .

_. ._- - ~--- ---_.

- _..__._--- --_.. --- - - - .._---~.------_.

100 84 92 81 74 100 84 82

25 88 89 91 88 90 85 96

10 75 70 79 84 90 71 78

5 93 94 78 89 99 80 86

2.5 92 93 79 86 97 74 92

1 91 76 84 73 89 77 78

Mean 87 86 82 82 94 79 85
--~-- - _._- -

• Result s are the means of duplicate determina tions.
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Chromatographic separation of some biogenic amines on a weakly acidic
ion-exchange resin
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(Received November 4th , 1980)

Chromatographic separation of biogenic amines has been performed by ion­
~xchange chromatographyl - 7 , reversed-phase partition chromatography and paired­
IOn chromatography'<P. These methods provide a good separation of catecholamines
and their metabolites; however, a simultaneous separation of basic metabolites of
catecholamines and serotonin by means of isocratic elution has not been reported.

We have found that catecholamines can be eluted isocratically from a column
of Amberlite IRC-50 with a buffer of pH 4. Various buffers were tried as eluents, and
separation of catecholamines, octopamine, 3-0-methylated catecholamines and sero­
tonin was achieved with a buffer of pH 4.4 containing propionate (0.15 M), tartrate
(0.10 M), EDTA (0.002 M) and boric acid (0.35 M) as the eluent.

CHROMATOGRAPHIC SYSTEM

Amberlite IRC-50 (Na ": particle size 50-60,um) was buffered at pH 4.4 and
washed with the eluent and packed into a chromatographic tube (0.8 em J.D.)
equipped with a column adjuster. The eluent was pumped into the column at a flow­
rate of 1.0 rnl/min (a constant delivery pump, Jasco Model LCP-150) at 50°C, and
the final length of the column was 24 em. The sample was dissolved in the eluent and
1.0 ml of the solution was added to the column using a loop injector (Kyowa Seimitsu,
sampler, Model M2). Amines in the eluate were monitored fluorometrically (spectro­
fluorometer, Jasco Model FP-4) with excitation at 285 nm and emission at 325 nm.

RESULTS AND DISCUSSION

The elution pattern is shown in Fig. 1. Amines were eluted in the order of
decreasing polarity. Propionic acid was incorporated in the eluent in order to reduce
non-ionic adsorption of arnines on the resin. Separation of dopamine and octopamine
was possible only when both tartrate and boric acid were present in the eluent.
Reduction of retention time of catecholamines by the use of the eluent seemed to be
due to the formation of a negatively charged catecholamine-borate-tartrate complex
at pH 4.4. At higher pH, separation of dopamine from octapamine could be improved,
but separation of norepinephrine from epinephrine became worse. The elution pattern
was quite reproducible and the column could be used repeatedly.

0021-9673/81/0000--0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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Fig. 1. Elution of sta nda rd sa mples of va rious amines . Peak s : I = dopa ; 2 = norepinephrine ; 3 =
epinephr ine; 4 = dopamine ; 5 = octopamine; 6 = normetanephrine ; 7 = met anephrine ; 8 =

tyramine; 9 = 3-methoxytrya mine ; 10 = serotonin . Column size, 24 x 0.8 ern 1.0. ; column tem­
perature , 50°C; flow-rate of the mobile phase, 1.0 ml(min.
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Book Review

Recent developments in chromatography and electrophoresis, 10 (Proc. 10th Int. Symp.
Chromatography and Electrophoresis, Venice, June 19-20, 1979; Analytical
Chemistry Symposia Series, Vol. 3), edited by A. Frigerio and M. McCamish,
Elsevier, Amsterdam, Oxford, New York, 1980, X + 342 pp., price Dfl.
140.00, US$ 68.25, ISBN 0-444-41871-7.

This is the third volume of a set that was commenced with the title Chromato­
graphy Symposia Series. The theme has presumably been widened in order to accom­
modate the electroanalytical title of Vol. 2.

The present volume is a collection of the 34 papers presented at the 10th
International Symposium on Chromatography and Electrophoresis held in June 1979
and may be related to a similar collection from the 9th Symposium and published in
Vol. I. As was the case on that occasion most forms of chromatography and elec­
trophoresis are included. Thus, there are gas chromatography in its more ordinary
and capillary forms, high-performance liquid chromatography, high-performance
thin-layer chromatography and ordinary thin-layer chromatography, isoelectric fo­
cusing, polyacrylamide gel electrophoresis, amino acid analysers, etc.

As in the case of its earlier companion, there is a distinct pharmaceutical and
biochemical flavour, and there are two main divisions, namely areas of use and
technique. For the former there are sections on drug analysis (9 papers), analysis of
endogenous compounds (7 papers) and environmental studies (3 papers), with elec­
trophoresis (5 papers), fluorometry (5 papers), and instrumental developments (5
papers) being the sections devoted to technique. The papers generally deal with the
observations and results of individual projects and are set out in conventional scien­
tific paper style rather than of a review type. However, the paper on recent trends in
isoelectric focusing deviates from this pattern, and although the same authors (Rig­
hetti, Gianazza and Bosisio) reviewed the biochemical and clinical applications of
isoelectric focusing in Vol. I, they give adequate reasons for this second review.

For advances in isoelectric focusing (lEF), Righetti et al. give significance to
the possibilities of agarose IEF, focusing of peptides, two-dimensional IEF---elec­
trophoresis for ligand-protein and protein-protein interactions, etc. as well as de­
scribing advances in set areas, such as carrier ampholytes, analytical chambers, pre­
parative approaches and methodology.

By being essentially a collection of individual papers on projects, this book will
be less interesting than Vol. I to the reader wishing to have a general overview of the
state of development of the various subject areas. However, other readers will be
interested in the specific areas covered and in this respect it is appropriate to note that
phenolic compounds, food dyes, cefuroxime in biological samples, ergot alkaloids,
the presence in plasma of isosorbide nitrates, acetylsalicylic acid and mefloquine,
peptides, proteins, steroids, bile acids, lipids, aromatic hydrocarbons, etc. are dis­
cussed in terms of separation and, frequently, of quantitation. Some attention is given
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to preliminary clean-up procedures where this ma y be necessar y. In many cases there
is consideration of variatio ns in technique, such as th at of the comparison of polar
and non-polar silicone sta tionary phases in the gas-liquid chromatogra phic sepa­
ration of drugs.

Sepa ration is, of co urse, the purp ose of chromatographic and electro pho retic
methods, but it is frequ entl y necessary to use complementary methods when com­
ponents are not readil y resolved. Th is ma y be by derivat isati on , the use of specific
visualising agent s or other method s of specific detect ion . The nitrogen-phosph orus
selective detector (NPD) is a recent development. Th e paper on the gas chroma to ­
graphic analysis of hydroxy steroids and fatty acids gives an interesting account of
the role of bis(N,N-dialkylamino)dimethylsilane for derivatising in order to permit
analysis with the NPD. In ano ther contributio n, bile acids in serum ar e separated by
capillary gas chroma tog ra phy following a prelimin ar y extraction and clean-up pro­
cedure and con version to· their meth yl ester trimethylsilyl ether derivat ives.

The papers on post-column derivatisation in order to exploit fluorescence de­
tection are wor thwhile and critical in the ir approach. They set the tone of the section
devoted to fluorescence by being the main justification for a separate section devoted
to this theme . Preliminary treatment and sample collection are necessary adjuncts to
chromatographic pro cedures and to any analytical meth od , but it is doubtful whether
papers devoted so lely to such asp ects have their real place in a Symposium devo ted to
another stage of the ana lytical process. Th ere are a few here and the pap er on the
determinat ion of methanol, etha nol, benzene and cyclo hexane in air using cha rcoa l as
solid sorbent falls clearl y into this category .

The instrumental section is ra ther scrappy, being made up of papers on pre s­
surised thin-layer chromat ography, a low-pressure liquid chrom atography pum p,
photometric den sitometric evalua tion of th in-layer chro ma tograms, chenical mod ifi­
cation of silica gels and aspects of the appl icat ion of ca pillary gas chromatography.
Such a criticism is often inevitable in compilatio ns of papers present ed at conferences
and symposia and cannot be avo ided unless the present ati on s are systema tica lly
selected beforeh and.

The camera-ready typing is evenly produced to give the book a pleasing ap­
pearance and the diagrams are clear and easy to follo w. The book will dou btless find
its way to librar y shelves but the price compared with that of Vol. I publi shed a year
earlier is 16.6 % grea ter in Dutch currency and 28.2 % greater in US$ for 15 fewer
pages. Inflation rates of the British economy are not so outrage ous after all!

Cardiff (Great Britain ) J . D. R. T HO MAS
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Book Review

Two short introductions to th in-la yer chromatography: Thin layer chromatography, a
laborato ry introduction, by P. Jenks and P. Wall, BO H, Poole , 1980, 46 pp.,
price £1.95 (Great Britain), £3.00 (export); and Thin layer chromatography, by
W. Gotz, A. Sachs and H. Wimmer, BOH , Poole, 1980, 114 pp., price £4.00
(Great Britain), £6.00 (export).

The first of these two booklets tries to answer technic al queries posed by the
many customers of BOH Chemicals Ltd., by " ab initio" chromatographers. As such it
is a let-down. It has a 25-line introduction, leaving the reader with the impression that
first there was Tswett and Day and in the later 1930s thin-layer chromatography
(TLC) was started and became serious in 1958. Two lines would have sufficed to
mention that TLC was a logical outcome of paper ch romatography (PC) and that a
wealth of data suit able for TLC can be found in the PC literature. But these lines were
not written ...

The authors use a confusing terminology, e.g., referring to "TLC sorbents" for
all forms of TL C. They give a number of experiments to be carried out. Some seem
pointless , such as a two-dimensional TLC of dyes, sepa rating only four substa nces.
Surely there are better exampl es!The reference list mentions two books by " Fiegl" (is
this a mixture of the Austri an Prime Minister Figl and the chemist Feigl?), and it cites
Randerath 's book twice (once the first and once the second edit ion) . To sum up : I
would not recommend thi s text to " ab initio" chromatographers.

The second book is an excellent introduction to the use of TLC in clinical
chemistry . However , it would have profited by suita ble reference to the pioneering
work of C. E. Dent , Ivor Smith, Ian Bush and man y others who laid the basis of
clinical applica tions. But they used paper chroma togra phy. . . Both volumes are il­
lustrated with excellent colour plates.

Lausanne (Sw itzer land} MI CHAEL LE D ERER
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1614 Le be r ma n , R. , An t o n s s o n, B. I Giov a ne l l i , R. , Gu a rigua t a , R . , S c h umann , R . a nd
Wi t t ingho f e r , A . : A s i mp l if ied procedu r e fo r the i s olat i o n o f b a c t e r i al p o l y ­
pept i d e e l o nga t i on f a c t o r EF'- TU. lin d. liio, ·1",,,, . , 10 4 ( 1980) 29 - 36 - SDS- poly­
acrylam ide <]el .
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161 5 Morihara , K. , Oka , T. , Tsuzuki , H. , To chino , Y. and Kanay a , T .: Achr omobac ter
protease l - catalyze d c o nve r s i o n o f porc ine i nsulin i n t o human insu lin. Biochem.
Bi ophys . Res . Comrr~n . , 92 ( 1980) 396 - 402 - po l ya crylamide ge l .

161 6 Sho s t a k , I . N. , Rozhko , O.T . and Mar t y ne nko, F . P .: (Determination of s omato­
tropin and prola cti n us ing dode cy lsul fate polyacry lamide-ge l electrophoresis ) .
Vopr . Med . Kh·im. , 26 ( 19 80) 71 -75 ; C. A. , 9 2 ( 1980 ) 176760m.

161 7 Wisher, M.H., Baron , M.D. , Jone s , R.H. a nd Sonkse n , P . A.: Photo -reactive insulin
a na l o g u e s u s ed t o c ha r a c t e r i ze the insulin r e c e p t o r . Bioehem . Biophys . Res .
Commun . , 9 2 (1 980) 492 -49 8 - po lyacrylami de ge l .

18c . Genera l techniques of elucidation of s br-uct.u r-e of proteins

161 8 Kor nbla t t , J.A . and Lake , D.p . : Cross - linking of c y toch rom e oxidase subuni t s
with difluoro dinitrobenze ne . Can. J . Bio chem. , 58 ( 19 80) 2 19-2 24 - SDS- poly a c r y1­
amide g e l .

16 19 Kr esze , G.-B . , Ronft , H. a nd Di e tl, B. : Bovi ne kidney pyruva te dehydrogenase
complex. I s o l a t i o n of t he component enzymes a f ter l i mi t ed p roteo lysis wi th
papain . Eur . J . Biochem. , 10 5 (1980) 37 1-379 - 80S- polyacrylamide gel.

16 20 Mahu r a n , D. a nd Lowd e n , J .A. : Th e sub uni t a nd polypept ide s t r u c t u r e of hexo s ami ­
n idas e s fro m h uma n p lacenta . Can. •J. Bioehem. , 58 (1980) 28 7- 29 4 - SDS-po ly­
acry lami de ge l .

16 2 1 Ni tzan (Zaid enzaig ) , Y. a nd Goz hans ky , S . : Chloramphenico l binding si t e o f an
~- R-factor-spec i f ied variant of ch l oramphenico l a c ety ltrans f e r a se . Ar ch.
Biochem. Bi ophys . , 20 1 ( 1980) 1 15-1 20 - Wha t man 1MM paper .

16 2 2 Re i ser , K. M. a nd La s t , J .A . : Quan t i tation of s pec i f i c col lagen types f r om lungs
o f s ma ll mammals . Anal. Bi ochem , , 10 4 (1980 ) 87 -98 - SOS-po lyacry l amide ge l.

162 3 Ui tto , V. -J . , Schwa rtz , D. and Veis , A. : Deg rada tion of basement -m embrane
col lagen by ne u t r a l p roteases f rom human l e ukoc y t e s. Eur , J . Biochem , , 105
( 1980) 409 - 4 17 - SDS-po l yac r y lamide gel .

16 24 Walsh , M.P . , Ca va dore , J . - C . , vallet , B . and Demaile , .J .G . : Ca l modulin- depende nt
myosin light ch a i n kinases fro m c a r d i a c and s moo th musc le : a compa r a t ive stud y.
Can. J . Biochem. , 58 ( 1980 ) 299- 308 - i soele c tri c f ocus i ng .

19 . PROTEINS

19a. Genera l t echniquee

1625 Allen , R.E., Masak , K. C. and McAllister , P . K. : Stai ning prot e i n i n i s oe lec t ric
foc u s i ng gels with f ast gre en . Anal. Bi oohem, , 104 (1980) 494-498 .

16 26 Korpela , T . a nd Kurkijarv i , K. : A device fo r CNBr act i vation of aga r o s e gels .
Ana l. Bi ochcm, , 10 4 ( 19 80) 150 - 15 2 .

162 7 Lemkin , P ., Merr il , C . , Li pkin , L . , Van Keur e n , M. , Oertel , W. , Shapiro , B . ,
Wade , M. , Schu lt z , M. and Smith , E . : Sof tw a r e a i d s f or t he ana lys is o f 20 ge l
e lectrophore si s images. Cotnpui , Biomed . Res . , 12 (19 79 ) 5 17- 544; C.A . , 92
( 198 0 ) 1599 3 1a.

16 28 Mas s o n , P . and Ang ui lle, J . : Oetermination o f t he f r e e e l ec t r opho r e t ic mobi lity
o f p r o t e ins by po lya c r y l amide g rad i en t g e l e lec tropho r es i s : A new approac h . J .
Chromatoor . , 19 2 (1 980) 40 2- 407 .

See a l s o 1573.

19b . Pro t e i.n e of ce l l c , v{ r-u set: tP lLi cub c e l Lul -u - p.n-ti c t.e» (L, .r'-:!i{di;~L-: blood o e l l e and
p l at ele t- s)

16 29 Abbs, M. T . a nd Ph il lips, J . H. : Orga n isa t ion of t he prote ins of the ch roma f f i n
granu l e membr a ne . Bioclnm, BiC'phys . A,, !.c1 , 595 ( 1980) 200- 221 - SOS-po lyacry l­
amide g e l .

16 30 Chab aud , 0 . , Chebath , J . , Gi raud , A. a nd Ma u ch amp , J . : Mod ulatio n by thyro tropin
of thyroglo bulin s yn thesi s i n ' c ul t u red thyr o id c e ll s : Corre la t ions wi th po l ysome
p r o f i l e and cy t op lasmi c t hyro globulin mRNA con t e n t . Fio.ihem , Bioptrj« , Rc« ,
Co~n . , 9 3 (1 980l 11 8-1 2 5 - po lyacrylami de ge l .

163 1 Floyd , G. A. a nd Traugh , J .A . : Heme de fi c iency a nd phospho r y lation of ribosome­
associated pro te ins . 1-;10' . d . LJio"hem . , l OG ( 1980) 26 9-277 - SDS-po lyacrylami de
g e l.
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16 3 2 I rvin , J .D . , Ke lly, T . and Ro b e rtus , J . D. : Purif i c a tion a nd propert i e s of a
second ant i vi r a l pro tein from Phpt.o l-acca amel' iuana wh i c h i na cti vates e u k a ryo t i c
r i b o s o me s . Af'uh . B1'ochem, Bi or hy s . , 200 ( 19 8 0) 418- 4 2 5 - SDS- p o l y acr y l a mi d e g el ,
Whatman 3MM pape r .

16 33 Leader , D.P. and Mo sson , G.J. : The ano ma l ous mig r a t i o n during t wo - d im ensiona l
g e l e l ec t rop hor e s i s o f euka ryo ti c ribo s o mal p r ote ins with o x i d i s e d t h iol g r oups .
Bi ochi m. Biophy s . Aeta , 62 2 (1 9 80 ) 36 0- 36 4 - poly a crylamid e g e l (two - dimensional
electrophore sis ) .

16 3 4 Nak a t a n i , H.Y . and Barber , J. : F u rth er studies o f the t h y l a koid membr a ne sur face
c ha r g e s by p a r t icle e l e c t r o p hores i s . Bi oohim. Bi.ophue . Au i a , 591 (1 9 80) 82-9 1 .

16 3 5 Ny g ard , 0 . , Westerma n n, P . and Hu l t i n , T .: Th e use o f r RNA- c el lulo s e c h r omato­
graphy i~ the r apid i s o l a tio n of h omog e n e ous p r o t ein synt h e s i s in i t i a t i on facto r
eIF - 2 from r a t li ve r microsome s . Bi.ocliim , Bi.ophue , Aeia , 608 ( 1980) 196-200 ­
SDS- p o lya cryl amide g e l , (g rad i e nt s lab g e l) .

16 36 Rama gopa l , S . a n d Enn i s , H.L . : S t ud i es o n r ibo s oma l p r o t e i n s i n the c e l lu lar
s l i me mo l d Diet yo s t .eli iondi aeoidc um. Re s olutio n, nom enc l a t ure a nd mol ecul a r we i ghts
of p r o t e ins i n the 40 - S and 60 - S riboso ma l s ub u ni t s . Eu f' . J . Bi oehem. , 105
( 19 8 0 ) 24 5- 2 58 - SDS- po l y a c ry l a mi d e ge l , urea g el .

16 37 Ve rmorken , A. J. M. , Kibbelaar, M.A ., Hi l d e rink , J .M .H .C. a n d Bloemenda l , H.:
Inc orporati o n t n »itvo o f l e n s me mb r a ne p ro t e i n into reti c ulocyte membrane .
Bi ochem. Biophite . Res . Corr~m lll. , 8 8 (1 9 79 ) 59 7-604 - p o l yacrylami de g e l .

16 38 Vi l lar e jo , M.: Ev i d e n c e f o r tw o lew Y g ene der i v e d prote i n p r od u c t s in the t:.
co l i me mbrane. Biochem , Biophu e . Res . Cormnu n., , 9 3 ( 1980) 16-23 - po l y a c r y l a mi de
g e l.

16 39 Wa tanabe , K. , Ha k omor i , S . , Powel l , M. E . and Yok ota , M. : Th e amph i pathic membra ­
ne prot e ins a s sociat e d with gang l i o s i des: The P a u l -Bunnell a n t i g e n i s o n e of t he
gang liophilic prote ins . Bi.oehcm, Bi.oplu;« , Res . Conmun : , 92 ( 1980) 6 38- 6 4 6 ­
p o lya c ry lami d e ge l.

16 4 0 Wienen , B., Ehr l ich , R. , St6 f f l er-t1e i licke , M. , S t af f l e r , G . , Smi t h, I., Wei s s ,
D., Vinc e, R. a nd P e stka , s .: Ribosomal p r o t e i n a l t e r a t ion s i n thios trepton- a nd
mi cro c occin- r e s i s tant mut a nts o f Bar-i i l ue e ub ti l i e . J. 13ioZ. Chem., 25 4 (1 9 79 )
80 31 - 80 4 1 - po l y acrylami d e g el , c e l lu los e ac e tate ge l .

19c . Mi cf' obi a l and p l ant. prot.c i ne

16 4 1 Du e ros , D .L . , Wrigle y, C .W. and Blake n e y , B . : F rac t i o n a t i o n o f ric e - grain
p r o t e i ns b y gradien t ge l e lec t r ophoresi s a nd gel i s oe lectri c f o c u s i ng . Ch a r acte r ­
i z at ion o f rice genotypes . Ri so , 28 ( 19 79 ) 27 5- 2 84; C.A . , 9 2 ( 19 8 0 ) 159 9 29 f .

1642 Jung , G. , Lewis , R. S. a nd K6hnlein , W.: Th e generation o f pre- neocarzinostatin
a nd antag o ni s m of n e o car z i no s t atin - induc ed DNA strand s c i s s i o n in vii l-IO. Bi o­
c hi m. Bi ophys. Ae ra , 60 8 (1 9 80 ) 14 7- 15 3 - i s oele c t ric f o c u s i n g, SDS-p o l yac r y l­
a mi d e g e l.

16 4 3 Ohms , J.P . : (Elec t r opho re ti c d i ffe ren t i a tion o f g r a i n (c u ltivars) . Ch a r a c t e r iza­
t i o n of wh e a t c u l t iva rs o f A-baki ng qua lity by the e l e c t r opho r e t ic p a t t e r n s o f
t he reduced a l b umi n / glo b u l i n- frac t ions ) . 7.. Lebenam, - Un teve . - Forech , , 170 (1 9 8 0 )
2 7- 30 ; C.A . , 9 2 (19 80) 12 7 19 0s .

19d . Prot.ei ne of blood , SCJ'um and blood "ells

1644 Aa s t e d , B . : Pu r ifi c a t ion a nd c h a r a c t er i z a t i o n of huma n vas cu l a r plasmi nogen
ac t i v a t o r. Bi oeh £m. Bi.op hu » . A"!;a , 6 2 1 ( 19 80 ) 24 1-2 54 - SDS- p o l y a c r y l ami d e g el ,
i soe l e c t r i c focus ing.

16 4 5 Bro ck , H.W. a nd Ro b e r t s , D.B . : Comparis o n of the l a r val s e rum proteins o f
Dr-oeophi La meLanoitae t.ei - using o n e a nd two-d imen si o nal p eptide map ping. Eu r , J .
13ioehem . , 106 ( 1980) 129-1 35 - SDs - p o l yac r y l a mi de ge l.

164 6 Coch r a n , M.D . , Ar men t r out , R .W. a nd Brow n , R .D .: The i d ent i fi catio n o f me sse ng e r
RNA c od ing f o r i rrunu nog l o bul i n heavy and ligh t c ha i n s of Xen opus leavis . 13ioehim.
Biophy s . Ae ta , 607 ( 19 80 ) 4 70-4 79 - i s oele c tric f ocu s i ng , SDS- p o l y a c r y l a mi d e g e l .

164 7 F e l g e nh a u e r, K. and Ha g edo r n, D.: Two-dimensiona l separation of hum an body fl uid
p r ote i n s . CU n . Chim , Ad a , 100 ( 19 8 0 ) 121 - 1 32 ; C. A . , 92 (1 980) 10 6726f.

1648 Ga h n e , B. , J uneja, R. K. a nd Gro l mu s , J . : Hori z o n t a l polya c r y lami d e grad i e nt ge l
e lec t r o p ho r e s i s f o r the s imultaneous phe no typ ing o f trans f e r rin, p o s t -transfe r rin,
a l bumi n a nd pos talbumin in t h e blood p lasma of c attle. Anim. Bl ood Cpoups
Bi.ochem, Gene t. , , 8 (1 9 77 ) 127 - 137; C.A . , 92 (1 9 8 0 ) 10 6 7 17d .
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16 49 Kerbiriou , O. M. a nd Grif f i n , J.H. : Huma n hig h mol~cu l ar we i ght kin i n ogen .
St u d i es o f struc ture- f u n c tion r ela t ionships and o f p r o t eo lys i s o f t he molecule
occ urring d u r ing conta c t a c t i vation o f p l a sma . J . !'-i o ! . Chem. , 25 4 ( 19 79)
120 20 - 120 2 7 - po lyac r y lami de ge l.

16 50 Mi l ler , G . , Si l v ",r be r g , M. a nd Kap l a n , A.P .: Autoa ctiva t i bi lity of hum a n Hag eman
fa c tor ( f a cto r XII ) . Bi oc hem. !3~OphY8 . NC D . . , 9 2 ( 19 80) 8 0 3- 8 10 - p o l y -
acrylami de g el.

1651 Nachma n, R . L . , J a f f e , E.A. a nd Fe r r is , B . : Peptide ma p ana lys is o f normal p lasma
a n d pla te le t f a c t or VI I I a n t i g e n . Bi o(:he m. Pior,hYD. ., 9 2 (19 8 0)
12 0 8-12 14 - p o l y a c r y l a mi d e gel , c el l u lose .

1652 Nelles, L . P . , Ha l l , P . K. a nd Robe rts, R.C . : Huma n a lph a - 2- mac r og lobu l in . Stud i e s
o n t h e e l ectr oph ore ti c h ete r oge neity. tsi ochirc, !": O[ihy D. f,. · !;, z , 623 ( 19 80) 46- 56
- polyac r y lamide gel , SOS- p oly a c r ylami d e g e l.

16 5 3 Sp e ng ler , G.A. a nd Web er , R.M. : PHA se lect ion e l e ctr op ho r e s is - A s c r e e n ing
me t hod fo r monome r i c I g t1. .J. imrunol , Me t hode , 32 (1 9 BO) 7 1- B4 ; CJ . , 9 2 ( 19BO)
10 BB7 2 z.

16 5 4 Va n d er Mas t, C . a nd Voo r ma , H . G. : Pu ri f i c a tio n o f f r e e euka ryo t ic i n i t ia tion
f a c tors e IF-4a and e I F- 4 D o n Cib a cron Bl ue F 3G-A . !,< i;) , ~}h ·i ,r'f . e-i op l iI1,'] . Ac:-;u , 6 07
( 19 80) 5 12- 519 - SOS- p o l yac r y lami d e g el.

1ge . St r uctur a l and ~u3G le protei nn

16 5 5 Fessler , L . I . a nd Fes s ler . J .H .: Ch a r acteri zatio n o f t yp e I I I proc o llage n f r om
c h i c k embry o b lood v e s se l s . J . B-io l . Chem. , 25 4 (1 9 79 ) 23 3- 239 - polyac ry lamide
ge l.

16 56 Ge rard , K.W . and Sch n e i der , D. L . : Ev i d e n c e f o r degra dati o n of myof ibril l a r
p rot e i ns i n l y s o s o me s . Myof i b r i l lar p r ote i ns de r i va t ized by i n t ramuscular i n j e c ­
t i o n of N-ethy l mal e im ide a r e s eques t e r e d in l ysosome s. ~.T. h'i o Z. Chem. , 254
( 19 79) 1 179 8-1 1B0 5 - p o l y a c ry l a mi d e g e l .

16 57 Gr ume t , ri . a nd Li n , 5 . : Reve rsa l o f p r o f i l i n i nh i b i t i o n of ac tin po lyme r i zation
in »it.i-o b y e r y t hrocy t e c yto chalas i n-binding c omplexes and c ross-l i n ked acti n
nu c lei. 8-ioehem. B-iophyo . ReD. Conm.cn , , 9 2 (19 80) 132 7- 1 334 - po l y a cry l a mi de
g e l.

1658 Kopp , S .J . a nd Bara ny , M. : Pho s p h o r y l a t i o n of t h e 19 ,000- d a lton l ight c h a i n
o f my o s in in p e r fu s e d r a t h e a r t u nd er the in flu e n c e o f ne g at i ve a nd p osit i v e
inotr op ic agen t s . J . iJ-ia? Chem. , 2 54 ( 19 79 ) 120 0 7- 1201 2 - po l y a crylamide gel.

16 59 Ku o , T . and Bhan , A. : Stud i e s o f a myos i n- cleavi ng protease f r om dy s trophic
hamste r h e a r t . H-ioehem. !.i-ioph yn . Hen . Comnuri . , 9 2 (19 80 ) 570 -57 6 - polyac ryl ­
a mi d e g e l .

16 6 0 Reisler, E . , Li u , J . , Me r c o l a , M. a nd Ho r owi t z , J . : Th e i n t e r ac t ion of Cibacron
Blue P 3GA with t r op o ni n a n d i t s s ub u nits . lJiod ,,:m. H-iOph!flL Act:a , 62 3 (1 9130)
24 3-256 - SOS- polya c r y lamide g e l .

16 6 1 Richmo nd , V. : Inc r eased l a b i li ty o f l u ng co l lag en c ros s l ink s . Ana l . B-ioc hem. ,
104 ( 19 BO) 277- 2B3 - SDS-polyacry lamid e gel .

16 6 2 Ri t z - Go l d , C.J . , Cook e , R . , Bl ume n tha l , D.K . a nd Stul l , J . T . : Li ght c h a i n phos­
p h o r y la t ion a l t e rs t he confo r ma t i o n o f s k e leta l musc l e myos i n . Bi.oc hem, Bi.ophu»,
He n , Commun , , 93 ( 19B O) 20 9- 2 14 - p o l y a c r y l amide qeL,

16 6 3 Ruos l ahti , E " Ha y ma n, E . G. , Kuu se l a, P . , Shive l y , J . E . a nd En g val l , E . : I s o l a ­
t ion o f a tryp t ic f r a gmen t contai n ing t h e c ollagen-bi ndin'l s i t e o f p l a s ma fib ro­
nectin . J . fl-i o l . Chem. , 25 4 ( 19 79) 60 54 - 6059 - po l yac ry lami d e gel .

16 6 4 Whe i-Yang Ka o , W. a nd Fo r e man , C . A. : Pe p t i de mappinq o f cor ne a c o l l a ge n s f r om
c h i c k e mbr yos by dod e c y lsu l f a te / r o l y acry l a mide 'l e I e l e c t roph o res i s . Eu r' . J .
Bi.ochem , , 10 6 ( 19 n O) 41- 48 - SDS- p o lyac rylamide g el.

1665 Cremisi , C . a nd Yaniv , M. : Sequen t i a l a s s e mb l y o f newl y s y n t h e s i ze d hi s tones on
repli c a t i ng SV 4 0 DNA. IJ?: oehem. li -iophy u . ue o . Commun , , 92 (1 98 0 ) 11 17- 112 3­
polyacrylamide gel.

16 6 6 Da s , R. and Ka nungo , M. S . : ~ f fects of p o l y a mine s o n -in v-itr o phos p h o r y l a t ion
a nd ace t y l a t i o n o f h i s tones o f the c e r ebr al cor t e x o f r a t s of v ar i ous a g e s .
Bi aehem. ll -iaphyD. ReD. Cammun . , 90 (1 9 79 ) 70 B-7 14 - p o lya cry l amide g e l .

16 6 7 Goo d win , G .H . , Br own , E . , Walker , J . M. and J ohns , E . W. : Th e i s o l atio n o f t hr ee
n e w hig h mob i lity g r o up nuc l ear p ro t e ins . Bi.oc-lrim . Fi ophu« , Ae !,u , 62 3 (1980)
3 29- 3 38 - SDS- p o l yac r y l a mi d e gel.
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1668 Gronow, M. , Lewi s , F .A. a nd Thack rah , T . M. : S tudies o n the d egradation of HeLa
non- h i s t o ne p r o t e i n s . Bior-him, Biopluj» , A<:&a, 606 (1 '9 8 0 ) 15 7-1 6 9 - isoe lectr i c
focus i ng , SDS-polyacry lamide gel.

1669 Isacks on, P.J . , F ishba ck , J . L ., Bidne y, D.L . and Re e c k , G .R. : P re fe ren t i a l
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Com"mn . , 90 (1 9 79) 7 34-7 40 - paper .

167 1 Kr i s t ens e n , T . and Ho l t l u nd , J . : Ch r o matography of chroma t i n protein s on
Cibac ron Blue F 3G- A- a 'l a r o s e . J . CIlY'oma io~{r" . , 19 2 ( 19 80) 49 4 - 499 - p o lyacrylamid e
g e l.

16 72 Poch r on , S . F . and Baserg a , R . : Histone HI phosphorylation i n cell c y c l e - specif ic
tempera t u re-sens i t i ve mu tan t s o f mamma lian cel ls . d . Bi o l. , Chcm , , 2 54 ( 19 79)
6 35 2-6 356 - po l y a c r y l a mi de ge l .

1673 Va l kone n , K.H . and Pi h a r , s . : I s oele c t r i c focusin~ a nd i s o e l e c tri c po i n t s of
bovine liver h istones . Ana l . /iio ,·hem. , 104 ( 1980 ) 4 99 - 505 .

1674 Zla t ano v a , J . S . and Swe t ly , P .: Po1y-AD P- r i bosy lation of nu c l e a r p rote i n s i n
d i f fere n t i a ting friend cells . l! i()("lwm. l3iophY'; ' RCI). Commun , , 9 2 (1980) 1 110 ­
11 16 - p oly a cryl amide g e l .

199 . Cht-ortopr o bei.no and me to. /, l opi -o i.ei nr

1675 Bethy ne, J .L . , Budre a u, A. J ., Kaegi , J .H .R . and Va ll e e , B.L. : De t e rm i nation o f
the c h a r ge o f h o r s e k i d ne y mo t.a llo t:h i onei n by free bo undary e l e c t r o phore s is .
Exper-i en t ia , 34 (Suppl.) ( 19 79) 207-2 10 ; C.A . , 9 2 ( 19 80) 176774u .

1676 Ch ianc one , E . , Brenowit z , M. , Ascoli , F . , Bonaven t ura, C. and Bona ventura , J . :
Amphi trite ornate erythrocruor in . I . Struc tu r al p roper t ies and c harac te r i z a t ion
o f subun i t: intera c tions . tsiochim. ii iophy" . A' · !.<1 , 623 ( 1980) 14 6-1 62 - po l y a c ry l ­
a mide ge l , SDS- p o l y a cryl a mide gel , ur e a - p o l yacry l a mi d e ge l .

1677 Kar i n, M. , Herschman , H. R. a nd Wein s t ein, D. : P r im a ry ind uc t i on of meta l lo­
thione in by dexamet:hasone in cu ltu red ra t hepa tocyt e s. Bi.or-hcm , Biophy '" He" .
Commun , , 9 2 ( 1980) 10 5 2-1 0 59 - polyacry l a mide g eL

1678 Sch re i ber , G . , Dryb urg, H. , Millersh i p , A . , Ma t suda , Y . , I ngli s , A " Phill ips,
J . , Edwa r d s , K. and Ma gg s , J . : Th e s y n t h e s i s a nd secret i o n of r a t t r a n s f e r r i n .
J . 31:0 Z. Chem. , 254 (1 9 79) 120 13 - 1201 9 - poly a c r y l amide ge L

16 79 Ve t t o r e , L., Co r v L, C. a nd De Mat t e i s, ~1. C . : (S t a nd a r d i z a tion o f a s i mp l i f i e d
me thod fo r the quanti t a t i o n of hemoq l o b i n A7 ) ' Lab , (Milan) , 4 (1 9 77 ) 25 5- 260 ;
C.A . , 92 ( 19 80 ) I0671 2y.

1680 Kadas , L . , Pham van Minh and Lindne r , K.: Characterization of c ow milk and
buffa l o milk by p o lyac r y l a mide ge l e lectropho r e s is . A,, [(./ Alimen i : , 8 ( 19 79 )
169- 17 9 ; C. A . , 92 (1 9 80 ) 127 0 46 z .

168 1 Li , M. , Wei , C . , Liu , Z . - L . a nd Li , W. -Y . : (I solati on and p u rific ation o f r at
l i v e r a lbumin mRNA b y d o ubl e a n t ibody inm,uno - p reci p i t a tion tec h niq ue ) . Shih
Yen Shen'] Wz. Ilnueh Pew , 12 ( 1979 ) 24 7- 25 5 ; C.A .. 9 2 (1980 ) 16 0 0 20 j .

168 2 Mabes a , R .C . , Marshall, R.T , a nd And e r s o n, M. E . : Mil k f i l ms expo s e d to high
h umidity : Stud i e s wi t h e l e c t r o n mi c r o s c o p y a nd el e c t r ophores i s . J. Food Prot . ,
43 ( 19 8 0 ) 29 - 3 5 ; C.11. , 92 ( 19 80 ) 12 7 120u.

1683 Mu enz e r, J . , Bildste in, C. , Gl e a s o n , M. a nd Car lson , D. M. : P r o p e r t i e s of proli­
ne - rich p ro t:e i n s fro m parot: id g land s o f i s oproterenol-t r e ated r a t s . J . Bio l .
Chem . , 25 4 ( 19 79 ) 5629-56 34 - iso e l e c t ri c f ocusing, p o l yac ry l ami de ge l .

168 4 Vi e ru l a , M. a nd Ra j a n i e mi , H. : Radi o i odinatio n of s u rface p ro teins o f bul l
s p e r matozoa and t he i r c ha r ac t e r i z a t ion by sodi um d o decyl su lpha te- po lyacry l a mide
g e l e lecLroph o res is. d . Rep vo d . Feri. , 58 (1 980) 483 -489 ; C.A . , 92 ( 19 8 0 )
17 6902j .
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16 85 Agnew , W. S. , Moore , A. C. , Le vins on , S . R. and Ra f t ery , M.A .: I d e n t i f i c a t i o n o f a
large molecular weight p e p t ide associated wi th a t e tro d o t oxin binding protein
f r om the e l ect r op l a x o f Electr ophoFuS eleetricus . Bi oehem. Biophys . Res .
Commun . , 9 2 ( 1980 ) 860- 866 - p o l y acry lami d e ge l , sta r ch g e l .

16 86 Anderson , J . M. : P- 700 co n t e n t and po l ypeptide pro f ile of c h lorop hy l l -prote in
comp l e x e s o f spinach a nd bar l e y thylako i d s . Biochi m. Biophys . Act a , 59 1 ( 19 80 )
11 3-1 26 - SDS-po lya c rylami de g e l .

16 8 7 Bowen , B. , Ste inbe r g , J. , Laemmli , U. K. a nd Weintra ub, H.: The detec tio n o f
DNA-binding pr0teins by p ro t e i n c l otting . Nuc le i c Acids Res . , 8 ( 1980) 1- 20;
C. A. , 9 2 {19801 10 6 8 9 3h.

16 8 8 Dery , c . , Cooper , S., Sava g e a u , M. A. and Sc a n l o n , S . : Identif i cation a nd c harac ­
terization o f the c AMP binding p r o t e i n s of y e a s t by phot oaf f i n i ty l a b e l i ng .
Biochem. Biophys . Res . Co"~n . , 90 {19 79 1 93 3-9 39 - polyacrylamide gel .

16 8 9 Glass, J., Nun e z , M.T . and Robinso n , S.H. : Tr a ns f e r r i n-bind ing and iro n -bi nding
protei ns o f rabbit r eticu l o cyte p lasma membrane s . Th r e e distinct moieti e s .
Biochi m. Bi ophy s . Ac t a , 59~ (198 0) 29 3-304 - i s o e l e c t ric f o c us i n g , SDS-polyac r y l ­
amide ge l.

16 9 0 Jami e s o n , G.A . Jr . a nd Vanaman , T.C.: calcium- d e p endent a ff i n ity c h roma t ogr a phy
of calmodulin o n a n immobi lized phenothi a z i n e. Bi.ochem, Biophys . Res. Conmun , ,
9 0 (1979) 1048- 10 56 - po lya c r y l ami d e gel.

16 91 Sch i b e c i , A. a nd Martonosi, A.: Detection o f ca
2

+- b i ndi ng p r o t e i n s o n polya cryl ­
a mi d e gels by 4 5c a au t o r a diography . Anal . Biochem , , 104 ( 1980) 335-34 2 - p o ly­
acry l a mi de ge l .

169 2 Siege l , D. L . , Goodman , S . R . and Branton , D. : Th e e f fec t of endogenous prote a s es
on the spectrin b indi ng proteins of human e r yth r o c y t e s . Bio ehi m. Biophys. Act a ,
598 ( 1980) 5 17 - 5 27 - SDS- po l yac ry l a mi d e ge l .

19l . Other pr oteins

16 9 3 Bulinski , J .C. , Morgan, J.L. , Bori s y , G.G. a n d Spoone r , B . S . : Comp a r i s o n o f
methods f or tubul i n q ua n t ita t ion i n HeLa cel l and b r a in ti s s ue extr a cts. Anal .
Bi oche m. , 10 4 ( 19 8 0 ) 4 32 -439 - SDS-po lyac r ylami de g e l .

16 94 Horwitz , J. and Wo ng , M.M. : Pep t ide mappi ng b y l im i t e d p roteol y s i s i n s odium
dodecy l s u l fa te of t h e main intr i ns ic p o l ypep t i d e s isola ted from human a nd
bovine lens pla s ma me mbr a ne s . Bi ochi m. Biophys . Aeta , 622 ( 1980) 13 4 - 14 3 - SDS­
polyac r ylmaid e g e l , (p ep t i d e ma ppi ng ) .

169 5 Hul t mark , D., Steine r , H. , Ras muson , T . an d Boma n , H.G. : Inse c t i mmuni t y .
Pu rific a t i on a nd prope r t ies o f thre e i nducibl e ba c t e ria l p ro t e i ns f r om h e molym ph
o f immunized pup a e of Hua l.ophova c;e' !I'op i a . Fin », J . Bi oe/lem. , 106 ( 1980 ) 7- 16 ­
SDS-polyacrylamid e gel .

16 96 Wagner , D.O . and Hyne s , R. O.: Domain s t r uctu re o f f i b r o ne c t i n a nd its r e lation
t o function . Di s u lfides a nd sulfh y d r y l g r o up s . J . Bio l , Cltem, , 2 54 ( 19 79 ) 6 746­
6 754 - po l yac r ylamide ge l .

16 9 7 Weir , K.G . and Ma c Ph er s o n, C . F . C . : Evidenc e t h a t t he b ovine s p i na l cord p ro t e in
is not an intrins i c c o mpo nen t o f peripheral my el in. F,l c) , ~h im . Fi op hu e . Ac t a , 622
(1980) 123-1 33 - SDS- polyac r y l a mi d e ge l .

169 8 Zeeberg , B . , Ch e e k , J. a nd Ca p l ow, M.: Prepa r a t i o n a n d c h a r a c t e r i za t i o n of
['H]ethyltubu li n . Ana l . Bl:od w m. , 104 (19 80) 3 2 1- 3 27 - SDS- po l y a c r y l a mide ge l.

20 . ENZYMES

16 9 9 Manrow , R.E . and Do t t in , R . P . : Renaturatio n a nd l o c a l i z a tion o f enzymes i n poly­
acrylamide g e l s : Stud i e s with UDP- g l u co s e p y r op ho s nh o r y lase o f Di c uroe te ! ii cn,
Pno c , Nat . Acad. sci , U. S . , 77 (1 9 80 1 7 30 - 734; c. ,1 . , 9 2 ( 19 80 ) 15941 2g _ _

20a . Oxidor educ t ase s

1700 AI - J anabi , J . M. :
chr oma tog r aphy .
a mi de g e l .

Pu ri f i ca t i o n of rat l i v e r p h e ny l a l a n i n e hy d r oxylase b y a f f i ni ty
Arch . Bi.ochem. Bi o['hy " . , 200 ( 19 80 1 603-608 - SDS-pol y a c r y l -
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170 1 Bernstine , E .G .: Gene tic c on t ro l of mi t ochondrial malic enzyme i n mouse b r a i n.
J . Bi ol . Chern . , 25 4 (1 979 ) 8 3- 87 - p oly a c r ylamid e g e l .

170 2 Ce r f f , R. and Chambe r s, S.E. : Sub u n i t struc t u r e of highe r p lan t g l y c e r aldehy de­
3-phos p h a te dehydro g enases (EC 1 . 2.1.1 2 and EC 1. 2 .1 . 13). J. Bio l . Chern . , 254
(1979 ) 6 094-6098 - poly acry l a mide ge l . .

1703 De l a Rosa , M.A ., Oi ez , J . , Ve g a , J .M . and Lo s ad a, M. : Pu ri f ica tion a nd proper ­
t ies o f assimilato r y n i t r a te r e d uctas e ~AD ( P )HJ from Anki s ter odesmus br auni i .
Eur . J . Bi oehem. , 10 6 ( 1980 ) 249-256 - SDS-polyacrylami d e ge l .

1704 Do n l on, J . a nd Kaufma n , S .: Glucagon sti mula t ion o f r a t hepa t ic phenylal a n i ne
hydroxyl ase through phosphory la tion in pi vo . J . Bio l. Chem• , 2 53 ( 19 78 ) 6657­
6659 - polya cry lamid e ge l ,

1705 Erecins ka , M. , Oshi no , R . a n d Wi l son, D. F . : Bi nd i ng of cyto chr ome c t o c y to­
chrome c-Qx idase i n i ntac t mi t o c hondr i a. A s t udy wi th radio a c tive photoaf f i ni ty­
l a beled c y tochrome c . Bi ochem, Biophys . Res . Commun , , 92 ( 1980) 743 -7 48 - p o ly­
acry lami de g e l.

1706 Garnak , 11. and Ree ve s, H.C .: Purification and proper t ies o f phosphoryla t ed i s o ­
c i t r a t e dehydrogenase of Eech eri chia co l i , J . Bio l. Chem , , 2 54 ( 1979) 79 15 ­
7920 - polyac ry lamide g el .

1707 Gavri kov , V.G. , Ga v riko v a , E . V. a nd Vinogradov , A.D.: (Re cons t i tution o f s uc ci­
na t e -ubiqu i none r e d u c t a s e o f t h e res p i ratory chain ) . Bi okhi miy a , 4 5 (1 9 80)
747 - 7 5 5 - 50 S- po l y ac r y l a mi d e ge l .

170 8 Ha gler, L., Cop p e s , R . I . Jr. a nd Herma n, R. H. : Me t myoglob i n reducta se . Ident ifi­
cat i o n and pu r i f i c ation o f a r edu c e d n i c o t inamide ad e n i ne dinu c l e o t ide- de p e nd e n t
enzyme from bo vine hear t whi c h r educes met myog lobi n . J . Bi o l . Chem . , 25 4 ( 19 79 )
6505- 6 5 14 - po l yac r y l amide g e l.

1709 Heath , T .O . , Rob ertson , D. , Bi r beck, ~ . S .C . and Da v i e s, A.J .S . : Cova len t attach­
me n t o f ho rse r adish p e r o x i d a se to th~ o u t e r sur fa ce of liposome s . Biochi m.
Biophys . Act a , 599 ( 19 80 ) 42 -62 - i s o ele c t ric f o cusing .

1710 Ho n- Nami, K. a nd Oshima , T . : Cy tochr ome o x ida se from a n e x treme the rmo phi l e,
Thermue thermophiiue HB8 . Bi ochem, Bi ophys . Res. Commun , , 92 ( 19 80) 10 2 3-1 0 29 ­
po lya c r y lamide g el.

1711 Kl e i ns e k , D.A . and Po rte r , J.W. : An a lterna t e me t h od of p ur i f i c a t ion a n d prop er­
t i e s of r a t l i v e r B- hydro xy -B -methy l g lutary l coen zyme A red uc t a s e . J. Bio l .
Chem. , 25 4 ( 1979) 7 59 1- 7 599 - polyacrylamide g e l , i s o e lectr i c focusing.

171 2 Kobayashi , K. a nd Kochakia n , C.D . : 17 8- Hy d r o xy-CI 9- ster oid dehydrogenases f r om
ma l e gu inea p ig l i ver. Puri fi ca t i on and charac teriza t ion. J . Biol . Chem. , 253
( 19 78 ) 36 35 - 3642 - po lyacrylamide gel , isoe lec t ri c f o c u s i ng .

1713 Maccecchini , M. - L . , Rudin , Y. and Schatz , G. : Tra ns port of prot e ins across the
mi t ochondrial o u t er memb rane . A prec ursor fo rm o f t h e cytoplasmica l ly made i n t e r­
membr a n e e nzyme cytochrome c p erox i dase . J . Bio l. Chem: , 254 (1979 ) 74 6 8- 74 7 1 ­
polya c r y lamide gel.

1714 Smith , S. L . , Sto n e , D., Novak, P. , Ba c c a n a r i, D. P. a n d Bu r c h a ll, J. J. : R Pla s mi d
d ihyd rofo late r ed uctase with subun i t s t r u cture . J . Biol . Chem. , 2 54 ( 1979 )
6222-622 5 - polyacry l amide ge l .

171 5 Snyder , T. P. , Ch ambers , G.K . a nd Aya l a , F. J . : I s olation o f t he cyto p l a s mi c f orm
o f mal ate d ehydrogenase from honey bee (Apis rnell i f el'a ) l a r v ae . Bio chem.
Biop hys . Res . Commun . , 88 (19 79) 668-6 75 - polyacrylamide ge l .

1716 Strumi lo , S .A. , Senkevich , S.B . and Vinogradov , V.V .: (P urificat ion o f the
pyruv a t e d e hydrogena s e compl e x f rom bovine a drena l cor tex mitochond r i a) . Bio ­
khi~~ya , 45 ( 1980) 8 83 -888 - SDS-polyacrylami d e gel .

17 17 Ti ch a , M., Barth o va , J . , Labs ky, J . and Sema ns k y , M.: De t e r minatio n of the
in t eraction o f lac t a t e deh y d r og ena s e wi th h i gh-mole cul a r-we i gh t d e riv a t ives of
AMP by affinity ele ctr ophoresis . J . Chr omatogr . , 194 ( 1980) 18 3- 189 - af f i n i t y
e lec t r op hores i s .

1718 Wang, L. - W.C. and Ma r zIu f , G.A .: Pu r i f i c a t i on an d cha r a c t e r i z a t i o n o f ur i case ,
a ni t rogen- r egulated e n zy me , f rom Neu voo po na CPQs sa . Ar-ch , Bi.ochem, Biophys . ,
20 1 ( 1980l 18 5-1 9 3 - SDS-po lyac r y l ami de g e l .

1719 We bbe r , S. and White l e y , J .M . : Pyrid i ne nuc l eo t ide inte r a c tion with ra t liv e r
d ihyd ropter idi ne r e duc t a se. J . Bial . Chem. , 25 3 ( 19 78) 6724 -6729 - polyac ry l ­
a mi de gel.
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17 20 DePaol i -Roach , A. A., Roach , F .J . a nd La r n e r, J . : Mu l tip l e p hospho ry la t ion o f
r abbit ske l eta l musc le g lyco g e n s y nthase . Compa rison of t h e ac t i o n s o f d i ff erent
pro t e i n kina ses capab l e of ca t a ly z i ng phosp horyla t i o n i n ri. t, ~ ·o . J . 9-i0 1 . Chem: ,
2 5 4 (19 79 ) 120 6 2-1 20 6 8 - po l yacry l amide gel.

17 2 1 Kobayashi , M. a nd Ma t s u d a , K.: Cha r ac ter iza tio n o f the mu l t i p le f o r ms a nd ma in
component of d extr a n s u c r ase f r om Leuconoe zo .: me.c;eJl t ,-=lloi ...I cc NRRL B- 51 2F . ~·£ ,, ) ,_"h if!! .

Biophys . Acta , 61 4 ( 19 80) 46 - 6 2 - iso e l e c t ri c foc u s i ng , po lyacry l amide g e l .
17 2 2 Paterni t i , J .R . J r . a nd Beatti e , D.S . : o- Ami no l e v u li n i c ac id syn t h e t ase from

r at l ive r mi tochon ria . Pu r i fica t ion a nd proper t ies . ~.r . Fi o l , Chem, , 2 54 ( 19 79)
6 11 2- 6 1 18 - p o l y a c r y l a mi d e gel .

17 2 3 Ph i lippo v , P .P . , Shes takova , I . K. , Tikh o mi r o v a , N .K . a nd Koch e t ov , G. A . :
Ch a rac t e r iza t i on a nd p rope r t i es of p ig l iver t r a n sketo l u s e . Pi.o chim. Bi ophy .<t .
Acta , 6 13 ( 19 80 ) 359 - 369 - i s o el e c t r i c foc us i ng , SDS- po l y a c r y l a mi d e g e l .

17 24 Sa d l e r , J . E. , Re a r i c k, J . I . and Hi l l , R . L. : Pu ri f i c a t i o n to ho mo geneity and
enzyma t ic c he r a c t.cr t a a t.Lo n o f a n i1, -N-ac~ ty hJa lac tosarni n ide 0:

2
-+

6
s i a l y ltra n s f e r a s e

f r o rn porc ine s Ubma xi l l ary g lands . .J . iii a l., Chcrn . , 25 4 (1 9 79) 5934-5 94 1 - po l y ­
acry l am i d e ge l.

17 2 5 Wa ll , K.A., F l a t g a a r d , J . E . , Gi b b o n s , I . and Schac hman , H.K . : Pu r ifi c a tio n a nd
c h a r a c t e r i z ation o f a mutant a spa r t a t e tra n s c a r b a mo y l a s c l a c k i ng enzy me a ctiv i t y .
J . Bi ol. Chern ., 25 4 ( 19 79) 11 91 0- 119 16 - p olya c r yl ami d e q e L,

17 26 Widma i e r , R . , Howe , J . a nd Heins t e i n , P .: Pr e ny lt r a n s f e r a s e f r om GOS8 1-1 t) i ; ~ r'7

hi r s ut urn . ~rch . Bi oche m. iliophy D. , 200 ( 1980) 6 09 -6 16 - SDS-po lyac ry l~~ide ge l .

17 27 Au s t , A .E . a nd Su e l t er , C . H. : Ho mo 'l e n e o u s py r uva te k ina s e isol a ted from yeas t
by t wo d i f fere nt me thod s i n i nd i s t i ng u i s h a b l e f rom p y ruva t e k i n a s e i n ce l l - free
e xtrac t. J . Bi o l., Chem ; , 25 3 ( 19 78 ) 7508-751 2 - polyac r y l a mi d e g e l.

1728 Cha l l b erg , M.D. a nd Eng lund , P . T . : Puri f i c a t i o n a nd p roper t i e s o f t h e deoxy ­
ribonuc lei c ac id po l yme r a s e ind u ced by v a cc i ni a v i r u s . J . Riol . Chem. , 254
( 19 79) 7 8 12-78 19 - po lya c ry lamide g e l .

17 29 Ch iu , Y. S . a nd Tao , M. : Au tophosphoryla t i on of rabbit s ke l e t a l musc le cyc l ic
AMP- dep e nde n t p r ote i n k i nase I c a ta ly t ic s ub un i t . •I , isi ol , Chcm, , 25 3 ( 19 78 )
7 145 -7 14 8 - po lyacry lamide ge l .

17 30 F r i e d b e rg , T . , Be n tle y , P . , Stas ieck i , P . , Glatt , H. R. , Rapha e l , D. and Oesch ,
F .: The i d e n t i f i c a t i o n , solubil i z a t ion a nd chara c te rizat i o n of microsome-asso­
c i a t e d g lutathio n e S-trans fe r a s e s . J . ilio l . Chem. , 25 4 ( 19 79) 12 0 28 - 120 3 3 ­
i s oelectri c focus i ng .

17 31 Kagimoto , T . a nd Uy e d a, K. : Hormo ne-stimula t e d p hos p hory l a t i o n o f l i v e r p ho spho ­
fruc t o k inase i n v i vo . J. Biol . Chem. , 25 4 ( 19 79) 5584-558 7 - po l y a cry lami d e ge l .

17 3 2 Ka led in , A. S . , Slyusarenko , A . G . and Gorodetsk i j, S . I .: ( Iso l a t i on a nd p r oper ­
ties of DNA p o l y me r a s e f rom e x t r ema l thermophy l i c bacteria Ther rnus aqua tic~s

YT- l ) . Biokhimiya , 45 (1 9 80) 644 -65 1 - p o lya cry l amide g e l .
17 3 3 Lyubimo v a , N.V . : (Se p ara tion o f hexokinase i s o en zy me s o f human tis s u e b y e lec­

tropho r es is i n agar ge l) . Lab . De Lo , ( 19 80 ) 9 4- 9 7 ; C . ~ . , 9 2 ( 19 80 ) 159 400b .
17 3 4 Ma d h a v, R. , Coetz e e, M. L . a nd ave , P . : Pu r i f i c a t i o n or thymi d i n e kina s e by

a ff i n i t y chroma t o g r a p hy with a n e n z y me inhib i t o r a s the l i g and . ~r;ch . Bi oche m,
Bi ophy s . , 20 0 ( 19 8 0 ) 99- 10 7 - SDS- p o l y acryla mi d e ge l .

1 7 3 5 Sh i c h i , H. a n d Some r s, R.L .: Light-depend e n t p hosphory la t i o n of rhodop sin.
Pu r i f i c a t i o n and p r o per t i e s o f rhodopsin kin a s e. J. Rial . Chern . , 2 53 ( 19 78 )
70 40- 7 04 6 - polya c ry l amid e gel .

17 36 Stah l , H. a nd Knipp e r s, R.: Chroma t i n -associ a t e d pro t e i n ki nase s s p e c if i c f o r
ac idic p roteins . Biochim . ili ophys . ~c"a , 61 4 ( 19 80) 7 1-80 - SDS- poly a cry l ami de
g e l.

17 3 7 Wa l sh, K.X . , Mi l l i k i n , D. M., Sc h l e nd e r , K. K. a nd Re i ma nn, E. M.: Ca l cium-d e ­
pend e n t p hosph ory l a t i on o f g lyco g e n s yn t has e by p hospho r y l a s e k i nase . J . Biol .
Chem. , 2 5 4 ( 19 79 ) 66 11-6616 - polyac r y lami d e ge l .

zoa. Hydro lases , ac t.i nq on ee t.e r- bondo a:.c. ;' . 1. - . - )

17 38 Bowman , E .J . a nd Al t man , S . : I dentificatio n o f r i bonuc lea s e P , ac t i v i ty f r om
c h ick embryos . Bi ochim , Bi ophuc . Ac i.a , 6 1 3 ( 19 80) 4 39 - 4 47 - c e llul o se acetate ,
DEAE- cellulo s e pap er , po l yacry l a mi d e ge l .
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17 39 Co c ivera , M. , McMan aman, J . and Wil s on , I .B. : Fo rma tion of active i s ozymes I
and I I I by reasso ciation o f s eparated s u b un i t s o f i s o zyme I I o f a l ka l ine p h o s ­
p hatase . A ~ch . Biachem. Biophyc . , 20 0 ( 1980) 39 6 - 4 00 - polyacrylami de ge l .
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N-1549

REVERSED-PHASE HPLC COLUMN

Hamilton has designed a reversed-phase
HPLC column for appli cation where pH and salt
concentrations are important. Th e new Hamilton
PRP-I column is said to be ideal for the separa­
tion of polar compo unds. Th e hyd roph obic
qualities are said to be equ al to or better than
any C's silica.

Hamilton 's PRP-I is filled with rigid 10-/olm
macroporous resin spheres which can select ively
adsorb bo th ion ic and neu tra l solute species.
These non-swelling adsor bents operate over a
relatively broad pH range. The physical sta bil­
ity precludes the need for a guard colu mn or
concern for damage to the packing.

N-1550

IEF CALIBRATION KITS

The thre e Pharm acia isoelectri c focusing pi
calibration kits contain ten vials of pre-weighed
lyophilized mixtures of 8-11 purified prot eins.
The proteins focus as distin ct band s of known
pI 's enabling the user to measure pH gradients
and dete rmine isoelectr ic points. Th e first kit
covers a broad pH range from 3 to 10. Th e
second one offers a low range, from 2.5 to
6.5. The third calibra tion kit covers a higher
pH range, from 5 to 10.5 .
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N-1546

PURE WATER

Organic-free wate r is now available from
LT. Baker Chemicals BV. Th is typ e of pure
water, called " Baker Instra-Anal yzed" water,
is suitable for various trace organic analyses,
including: tot al organic carbon (TOC), for use
as a sta ndard, and trih alomethane (THM) anal­
ysis, for th e preparati on/dilution of standards.
The TOC content in " Baker Instra-Analyzed"
water is less than 100 ppb and has been re­
ported by water au tho rit ies to be as low as
40 ppb. Th e total THM levels in " Baker Instra­
Analy zed " water are less than 0.1 ppb. The
water is available in 3 .75-I pre-cleaned bottles.

N-1547

T LC MEDIUM

Chro ma tro nix has introduced a thin-layer
chromatography medium that separa tes by ion
exchange. Thi s produ ct , FixionTM, is said to
have a high sam ple th roughput and many
samples can be run at one time . The Fixion
med ium can handl e samples with high salt
content. Fixion has a thin , densely packed bed,
made up of spherical particles of polystyrene­
divinylbenzene copolymer. Th e mean particle
diameter is 8 urn,

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

For fur ther inform at ion concerning any of
the news item s, apply to the publi sher, using the
reply cards provided, qu ot ing the reference
numb er printed at the beginn ing of the item .



NEW ANALYTICAL PRODUCT GROUP

Er ba Instrument s, Inc., a newly for med
mark etin g and service organiza tion representing
Carlo Erba, internationally known manufacturer
of chromatographic and analy tical instruments
as well as accessories, displayed the follow-
ing Carlo Erba product s at this year 's
Pitt sburgh Co nference : high resoluti on gas
chro matograph Model FV 4160 , high resolution
gas chro ma tograph Model FV 2900, elemental
analyze r Model CHN,+OS 1106 , au to mat ic
nitrogen analyze r Mod el ANA 1400 and mercury
pressure por osimeter Model PO 200 .

Major offices of the new firm are head­
quart ered on the East and West Coasts with tech­
nically staffed service offices located thro ugh­
ou t the United States. Th e West Coas t head­
quarters will be dire cted by Me. Ben Apon,
12015 Slauson Avenue, Sui te F, Santa Fe
Springs, CA 90670, U.S.A . Th e Eas t Coast head­
quarters will be directed by Mr. Tom Jackson,
Northway Office Park, 3 Dearborn Rd.,
Peabody, MA 01930, U.S.A.

NEW SALES AND SERVICE CENTRE

On Janu ary 20 , 1981 , Spectra-Physics
ope ned its new Eu ropean Sales and Service
Centre, located at Siemensst rasse 20 , D-610 0
Darm stadt-K ranich stein , G.F.R., Tel. (06 15 1)
708 -0.

NEW BOOKS

Halogenated biphenyls, terpheny ls,
naphthalenes, dibenzodioxins and related
products, edited by R.D . Kimbrough, Elsevier/
North-Holland Biomedical Press, Amsterdam,
New York, 1980, XX + 506 pp ., pri ce
Dfl. 195.00, US$ 95 .00, ISBN 0-444-80 253..3.

Dictional)' of chemical terminology, edite d by
D. Kryt, Elsevier, Amsterdam, Oxford,
New York, 1980 , XII + 600 pp., price
Dfl. 195.00, US$ 95 .00, ISBN 0-444-997 88-1.

Introduction in colloid and surface chemistry,
by D.J. Shaw, Butterworth s, Lond on , 3rd ed:,
1980, 272 pp ., pri ce £ 5 .95 , US$ 15 .00, ISBN
0-408 -71049-07 .

Analysis of nucleic acid constituen ts, by
C.T. Wehr, Varian , Palo Alto, CA, 1980 , price
US$ 10.00 .

Chemische Reaktionsdetektoren fur die schnelle
Flusslgkeits -Chromatographie , by G. Schwed t,
Hiith ig, Heidelberg, 1981 ,213 pp ., price
DM 38.00 , ISBN 3-7785-0687-0.

Pesticide analytical methodology , edit ed by
J. Harvey, Jr . and G. Zweig, American
Chemical Society, Washington , DC, 1980 , X +
406 pp., US$ 38.00 , ISBN 0-8412-0581-7 .

Size exclusion chromatography (GPC), edited
by T. Provder , American Chemical Society,
Washington , DC, 1980 , VIII + 3 12 pp .,
US$ 30.75, ISBN 0-841 2-0586 -8.

Tumours that secrete catecholamines: their
detection and clinical chemistry, by
R. Robin son , Wiley, Chichester, New York ,
1980 , ca. 148 pp., price US$ 40.00, £ 14.00,
ISBN 0-47 1 27748-7.

Polyamines in biomedical research, by
J.M. Gaugas, Wiley, Chi chester, New York,
1980 , ca. 5 12 pp., p rice US$ 85.00 , £ 30 .00 ,
ISBN 0-471-2762 9-4.

Qualitative analysis of flavor and fragrance
volatiles by glass capillary gas chromatography,
by W. Jennings and T. Shibamot o, Academic
Press, New York , 1980, VIII + 472 pp. , pr ice
US$ 39.00 , ISBN 0-12-384250-6.

Analytiker Taschenbuch, Band II, edit ed by
R. Hock, W. Fresenius , H. Cunzler, W. Hub er,
and G. Tolg, Sprin ger, Berlin, Heidelberg,
New York, 1981 , ca. 360 pp., pri ce DM 78.00,
US$ ca. 45.90 , ISBN 3-540-10338-4.

Fats and oils: chemistry and technology , edited
by R.J . Hamilt on and A. Bhat i, Appl ied Science,
Barkin g, 198 1, XII + 263 pp., price £ 24.00,
ISBN 0-85334-9 15-0.

Electron transfer reactions, by R.D . Cann on,
Butterw orths, London, 1980, 368 pp ., price
£ 32.00, US$ 80.00, ISBN 0-408-10646-8 .

Vllmanns Encyklopiidie der technischen Chemie,
Band 5, Analysen- und Messverfahren, ed ited by
H. Kelker , Verlag Chemie, Weinheim , Deerfield
Beach, Basel , 4th ed ., 1980, XVI + 1010 pp .,
price SFr 670 .00, ISBN 3-527-20005-3 .

Nond estructive activation analysis - with
nuclear reactors and radioactive neutron sources,
ed ited by S. Amiel, Elsevier, Amsterdam ,
Oxford , New Yo rk, 1981 , XVI + 364 pp., price
Dfl. 170.00 , US$ 83.00 , ISBN 0-444-4194 2-X.



J.F.K . HUBER RECEIVES THE DAL NOGARE AWARD

Professor Josef Franz Karl Huber has received the Dal Nogare award from the Chromatography
Forum of the Delaware Valley on Tuesday, March 10, 1981, at the Pittsburgh Conference in Atlantic
City, NJ, U.S.A. This was the tenth anniversary of the award which is given annually by the
Chromatography Forum for significant contributions to chromatographic theory, instrumen tation and
applications . J .F .K. Huber received the award at a special tenth anniversary symposium which honored
the previous awardees, many of whom presented papers at that time .

COURSES

Finnigan Institute has scheduled the follow­
ing courses for April -June 1981 .
April 6 -10: Using GC-MS in the Compliance
and Enforcement Context: A Legal/Technical
Assessment, US$ 295 .00; April 6-10 : Liquid
Chromatography: Basic Concepts and Tech­
niques, US$ 750.00; April 13-17: Basic
GC-MS-DS, US$ 750.00; April 21-24:
Chemical Derivatization, US$ 600.00; May 4-8:
Metabolism and Pharmacokinetics: Quantitative
and Qualitative Analysis, US$ 750.00 ;
May 11-15: Atomic Absorption: Basic
Concepts and Techniques, US$ 750 .00;
May 11-15: Analysis of Priority Pollutants by
GC-MS, US$ 750.00; May 18-22: Gas
Chromatography: Basic Concepts and Tech­
niques, US$ 750.00; June 1-3: An alytical
Pyrolysis by Eugene Levy, US$ 450 .00;
June 8-12: Introduction to GC-MS ; Basic
Mass Spectral Interpretation, US$ 575.00;
June 8-12: Liquid Chromatography : Basic
Concepts and Techniques, US$ 750 .00;
June 15-16: Mass Spectral Interpretation:
Applications, US$ 300 .00; June 22-26:
Analysis of Priority Pollutants by Chromato-

MEETING

SYMPOSIUM ON PRACTICAL ASPECTS OF HPLC

graphic Techniques, US$ 750 .00; June 29­
July 3: Advanced Atomic Absorption,
US$ 750 .00. For more information, contact
Nancy Kranpitz , Finnigan Institute, 11 Triangle
Park Drive, Cincinnati, OH 45246, U.S.A. Tel.
(513) 772-5500 .

The Department of Chemistry of Loughbor­
ough University of Technology , will hold the fol­
lowing courses during 1981. March 23-27: Gel
Filtration and Electrophoresis; April 6-10: Gas
Chromatography; July 6-10: High Performance
Liquid Chromatography. For each course the
fec is £ 170, including residence and all meals.
Further details are available from:
Miss J.M. Brown, Department of Chemistry,
Loughborough University of Technology,
Loughborough, Leicestershire LE11 3TU, Great
Britain.

Checking Foodstuffs for Trace-Organics
(workshop course), Guildford, July 13-17,
198 I. Strategies for a range of analytes includ­
ing mycotox ins, residues, nitrosamines, additive
and packaging contaminants will be considered,
e.g. in connection with processed foods and
market produce. Information from Dr. E. Reid,
Wolfson Bioanalytical Unit, Robens Institute,
University of Surrey, Guildford GU2 5XH,
Great Britain.

A symposium on practical aspects of modern HPLC will be organised by the H. Knauer GmbH
in Berlin in the first half of November 1981.

Papers are invited dealing with the practical aspects of HPLC in the following fields: pharma­
ceutical, organic , ino rganic and physical chemistry.

It is envisaged that the symposium will last for two days, the papers being presented in prallel
lecture and poster sessions.

Fur further information , registration and submission of papers, please contact : Dr. I. Molndr,
Wissenschaftliche Gerjltebau Dr. Ing, H. Knauer GmbH, Hegauer Weg 38, D·I000 Berlin 37 , G.F.R.



S~ Vand rrbilt Av e
New Yor k, NY IOO!7

Askj<n aFeesamplewpy.

Subscription Information:

1981: US S86.25/Dfl.
168.00, including postage.

r.o. Bo x ~ 1 1 .

WOO AE Amsterdam
T he N crhcrl.uuls

The jour nal pu hlishe s ori ginal
P.IIILTs, techn ical reviews, sho rt
conu n u nica tio nx. le tt ers . ho o k
revie w s and re ports o f m eetings
and coru mirtccs. The langu age
of the Journ al is Eng lish, ' ,
Pro specti ve au tho rs should
co ntact o ne o f th e ed ito rs.

The scope in cludes item s su c h
as the fo llo w lIlg :

I . l-und am cn ral inv cstig.uro n, of
pyrolysis pnK esscs h)' che m ­
ica l, ph ysical and p hysico ­
c he m ica l m ethods.
St ructura l analvsis and tinger­
primi ng o f syn thetic and
natu ral polym ers o r products
o f h igh m ole cular w L' igh t.

- Basic stu dies in high tem per­
atu re rhcm istr v, react ion
kin et ics and py'ro lysis
m cc han ism s:

- Pyrol ysis in vL'stigatio!lSof
energy re latL'd pro blems,
fingerprint in g o f t~l s sil and
synthetic fu els. co,d cx rr.ntio u
a;ld liquefa ction pro duct s.

This new in ternat io nal j ournal
hrings to ge ther, in o ne source,
qualit ati ve and q uant itati ve
results relating to:

- C ontrolled therm al degrad­
at ion and pyrol ysis o f techn ical
and biologicalmacromole­
culcs:

- En vironme nt al, geoc hem ical,
biological and medical ap plic ­
ations of analytica l pyrolysis;

H .-H.. SCHU LT EN
Insritur ftir Phvsi­
kalis chc Chen ; ie dc r
U uivcrsir.ir Bonn.
5300 Bonn.
WegelerstrassL' 12,
G. F.R .

Associate Editor:
c:. E. H..JON ES.
3(, G reen Lan e,
Rcdhill. Surrcy RHI 2 DF, U.K.

Editors:
H . L. c:. M EU Z EL AAR
Biornaterials
Profili ng C e nt er,
Uni vcrsitv of U tah.
3 '11 South' C hipc t.,
Wa\,.
H.es~' arr h Park,
Salt Lake C itv,
U T H41OH, U'.S.A.

.1 . Technical de velopments and

JOURNAL OF
ne w in strumentation fo r
pyrolysis tel' hniqucs in com­
bi na rio n wi th chr oniat o­
g rap hic or spectro m etric

ANA~YTICAL AN0 method s, with spec ial att en-
tion to automatio n, o ptim i­
zatio n and sta ndard ization.

4 C om puter handling and

APPLIED processing of pyro lysis data.

1 ~)'rol)'sIs IS al'I,/icdi ll a 11'1.1,· ral~lZ"
01 dlg ipli llt's. Th is iourua! ISthere-

PYRO~YSIS F>rt' " ( ,,,dll t' Itl S(I" :lIl isIS i ll SII( !l
dll' !'III'.I1I ,ld.\ ill 1" '.t)'III!"" /('II'(' ,
[orcusi, \( It 'll l c, soi! science , ~('( I-

•••••••••••••' ·'!l!'l lllstr)'. (' II viroIIII1I 'IIt il I ,i llil /)'sis.
(,/ 1 (, ~lZ), 1, ,,,dll((i,'II . hitl,h('/1I 1str)'.
hi"I",lZ ),1111,1 nicdicin«.



PUBLICATION SCHEDULE FOR 1981

Journal of Chromatogrophy (incorporating Chromatographic Reviews) and Journal of Chromatography, Biomedical
Applications

MONTH N 0 J F M A M J I J I AI s I o I N I 0
1980 1980

Journal of 203 206/1 207 /1 208/1 209/2
Chromatography 204 206 /2 207 /2 208 /2

205 /1 206/3 207 /3 209/1
205/2

The publication schedule
Chromatographic 220/1 for further issues will be
Reviews published later.

Biomedical 221/1 221/2 222/1 222/2 222/3 223/1 223/2
Applications

INFORMATION FOR AUTHORS

(Detailed Instructions to Authors were published in Vol. 193, No.3, pp. 529-532. A free reprint can be obtained
by application to the publisher)

Types of Contributions. The following types of papers are published in the Journal of Chromatography and the
section on Biomedical Applications: Regular research papers (Full-length papers), Short communications and
Notes. Short communications are prel iminary announcements of important new developments and will ,
whenever possible, be published with maximum speed . Notes are usually descriptions of short investigations
and reflect the same quality of research as Full-length papers, but should preferably not exceed four printed
pages. For reviews, see page 2 of cover under Submission of Papers.

Submission. Every paper must be accompanied by a letter from the senior author, stating that he is submitting
the paper for publication in the Journalof Chromotography. Please do not send a letter signed by the director of
the institute or the professor unless he is one of the authors.

Manuscripts. Manuscripts should be typed in double spacing on consecutively numbered pages of uniform size.
The manuscript should be preceded by a sheet of manuscript paper carrying the title of the paper and the name
and full postal address of the person to whom the proofs are to be sent. Authors of papers in French or German
are requested to supply an English translation of the title of the paper. As a rule, papers should be divided
into sections, headed by a caption (e.g., Summary, Introduction, Experimental, Results, Discussion, etc.), All
illustrations, photographs, tables, etc. should be on separate sheets.

Introduction. Every paper must have a concise introduction mentioning what has been done before on the topic
described , and stating clearly what is new in the paper now submitted.

Summary. Full-length papers and Review articles should have a summary of 50-100 words which clearly and
briefly indicates what is new, different and significant. In the case of French or German articles an additional
summary in English, headed by an English translation of the t itle, should also be provided. (Short communi­
cations and Notes are published without a summary.)

Illustrations. The figures should be submitted in a form suitable for reproduction, drawn in Indian ink on
drawing or tracing paper. Each illustration should have a legend, all the legends being typed (with double
spacing) together on a separate sheet. If structures are given in the text, the original drawings should be sup­
plied. Coloured illustrations are reproduced at the author's expense, the cost being determined by the number
of pages and by the number of colours needed. The written permission of the author and publisher must be
obtained for the use of any figure already published. Its source must be indicated in the legend.

References. References should be numbered in the order in which they are cited in the text, and listed in
numerical sequence on a separate sheet at the end of the article. Please check a rece rv issue for the lay-out of
the reference list . Abbreviations for the titles of journals should follow the system used by Chemical Abstracts.
Articles not yet published should be given as "in press", "submitted for publication", "in preparation" or
"personal communication".

Proofs. One set of proofs will be sent to the author to be carefully checked for printer's errors. Corrections
must be restricted to instances in which the proof is at variance with the manuscript. "Extra corrections" will
be inserted at the author's expense.

Reprints. Fifty reprints of Full-length papers, Short communications and Notes will be supplied free of charge.
Additional reprints can be ordered by the authors. An order form containing price quotations will be sent to
the authors together with the proofs of their article.

News. News releases of new products and developments, and information leaflets of meetings should be ad­
dressed to: The Editor ofthe News Section,Journal of Chromatography/journal of Chromatography, Biomedical
Applications, Elsevier Scientific Publishing Company, P.O. Box 330, 1000 AH Amsterdam, The Netherlands.

Advertisements. Advertisement rates are available from the publisher on request. The Editors of the journal
accept no responsibility for the contents of the advertisements.



Preparation of Catalysts II
Scientific Bases for the Preparation of
Heterogeneous Catalysts

Proce ed ings of the Second International Symposium, Louvain-Ia-Neuve, Belgiu
4-7 September, 1978

B. DELMON, P. GRANGE, P. JACOBS and G. PONCELET (Edit ors)

Studies in Surface Science and Catalysis, 3

This conference was organ ized arou nd two spec if ic un it processes: impregnation,
activation , and was particularly concerned with the chromatographic effect , tra
port in pores, calcinat ion , activat ion by reduct ion and sulf idat ion , carrier effects,
compound transformation. New aspects in the preparat ion of real i.e. industrialc,
Iysts were also discussed.

Centred around four plenary lectures and three extended communications, the b(
discusses: preparation and pretreatment of mixed metal ox ides and of metal or mE
oxide supported catalysts , by (co)-impregnation , (co)-precipitation , ion exchange,
sorpt ion , and other methods with particular reference to the preparation conditio
These include drying , crystallite size distribution, chromatographic processes, in
action with and influence of the support , dispersion and distribution of the acl
components, stabilization, transport reactions, etc. In add it ion to the plenary lectu
44 communications are inc luded. At a half-day 'mini-symposium,' the normalizat
of methods for catalyst characterization was discussed.

PLENARY LECTURES:

· The design of catalysts (D. L. Trimm).
· Separation of catalysts by adsorption of metal complexes on mineral oxides (J. P. Brunm
· Catalyst activation by reduction (N. Pernicone and F. Traina).
· Preparation and properties of monodispersed colloidal metal hydrous oxides (E. Matije
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