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SIMULTANEOUS CALIBRATION Of' 

MOLECULAR WE IGHT SEPARATION AN D COLUMN 

DISPERSION OF GPC BY COUPLING WITH LALLIS * 

Zhi-Duan He, Xiun-Chi Zhang, Rong-Shi Cheng 

Institute of Applied Chemistry 

Chinese Academy of Sciences 

Changchun, People's Republic of China 

ABSTRACT 

It is shown theoretically and experimentalJy that both the calibra-­
tion of the molecular weight separation and column dispersion can be 
evaluated simultaneously by coupling gel chromatograph with low angle 
light scattering photometer. The experimentally determined variation 
of the spreading factor with retention volume is quite similar to that 
obtained by Tung using reverse flow technique. A correction method 
is given for the lowering of inhomogeneity index printed by the data 
processor of the on-line GPC-LALLS. 

INTRODUCTION 

Gel Permeation Chromatography (GPC) is a powerful technique for 

polymer characterization, but the experimental chromatogram obtained 

is broadened by column dispersion (instrumental spreading). Strictly 

speaking, it is necessary to carry out a calibration for column dis­

persion in addition to the calibration for molecular weight separation. 

Calibration of column dispersion is a troublesome task since truly 

monodispersed polymer standards are unavailable. The Gxperimental 

evaluation of thG colunm dispersion was only possible by such sophis-­

ticated techniques as reverse-flow [1,2] or recyclG [3,4] methods. 

*Presented at the GPC SympoSium, Chinese Chemical Society, Guilin, 
P~jble's Republic of China, June 2-6, 1981. 

1209 
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In the present lVork, it is shown theon'! tico 11 y and exper:i men t_ally 

thilt both the calibration of the molecular weight separation and 

colUllln dispel'sion can be evaluated sinmltrmeously by coupling GPC I'I-ith 

a low angle laser scattering photometer (fALLS) using a number of jloly­

dispersed samples \vlth different average lllo1eculal- \-Ieights while the 

absolute values of them are ullnecessaTily known a priori _ The exper­

imental determined variation of the spreading factor \'1ith retention 

volume is quite similar to that obtained by Tung (1,2J using reverse 

flow technique. The experimental number average molecular weight from 

GPC-LALLS is higher than the actual one; and thus the inhomogeneity 

index is lower [5,6]. In this work, n correction method for these 

effects is also presented. 

THEORETICAL 

When LALLS is connected with GPC, the polymer sample in the 

LALLS measuring cell is still polydispersed due to column disper­

sion, therefore the variation of the weight average molecular weight 

of the polymer in the measuring cell with the elution volume V is 

directly measured. 

The relntiol1ship between the experimental chromatogram F(V) and 

the tnle chromatogram W (VA) can be expressed by Tung I s in tegral 

equation [7) 

(1) 

where G(V,Vj\) is the instrumental spreading function, representing 

experimental chromntogram of a true1y monodispersed polymer with 

VR, as its retention volume. Presume G(V,Vl'() is Gaussian and the 

monodisperse calibration relation M(V1\) of the gel chromatographic 

column is 

(2) 

Yau et al. [8] had derived the relationship between weight and number 

average molecular weight and elution volume as 

F (V - B,_\o&l 2 2 '-h" (V) ~ -----rlV)---- - exp(!rBI.,oO)exp(A,~ (3) 
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~jn (V) (4) 

Where "lis the spreading factor, i.e. the variance of the spreading 

function. 

If FeV) is also Gaussian 

F(V) = 1 

1211 

°Tm--­
in which V and 4 refer to the mean elution volume and the variance of 

the experimental chromatogram FeV) respectively. Substituting it into 

Eqs. 3 and 4 and introducing a parameter~ defined as [9] 

(6) 

the variation of the experimentally determined average molecular \'ieights 

of the eluted polymer with elution volume" could be represented by [10] 

(8) 

Since the logarithm of the average molecular weight varies linearly 

with the elution volume, then Eqs. 7 and 8 can be \'iritten briefly as 

Ln Mw(V) AVJ - BwV (?a) 

Ln Mn(V) An - BnV (8a) 
l'ihere 

Aw AM - (1 _1.;2) 13M (iJ - ±BM1.; 2oi) (9) 

An A1·j (1 - i';2) BH (if - ± 131.j F: 2 (j~ ) (10) 

Bw Bn t;2BM ( 11) 

Determination of the Calibration Relation MeV~ 

In coupling GPC with LALLS the function i'\VeV) is directly measured 

by experiments. If the distribution of the sample is nearly Gaussian 

Eq.7 should be complied. From the experimental data coefficients Av-J 

and 13"" of Eq. 7a can be obtained. Since the magnitude of the parameter 

depends both upon the spreading effect of the column and upon the dis­

tribution width of the sample, and on the other hand from Eq. 11 and the 

definition of t; , it is obvious for a polydispersecl sample in a real 

GPC column 0 < t; < 1. Then the slope B,..v of the experimental function 
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~lvJ:V) must be smaller than the slope 13M of the monoclisperse calibration 

relation M(VR ). They must cross each o"ther at a certain point. The 

coordinates of the cross point of Mw(V) and ~!(Vfd can be solved from 

Eqs. 2 and 7. The coordinate of the cross point volume Vw is 

VI-J = Ii - -"61'1[2 0 2 
2 '" T (12) 

applying Bq. 11 it can also be expressed as 

Vw ij - tBwo-i (13) 

Since the mean elution volume V and the variance 0- 2 of a sample can be 
l 

obtained from F (V) and the coefficients Awand Bware available from 

GPC on-line with LALLS, the cross point volume V"" of that sample on 

M(Vfl.) could be evaluated readily. Afterwards, by Eq. 7a, the molecular 

weight of this cross point is calculable from 

M(Vw) exp {Aw - BwVw} (14) 

After a number of samples are measured, the line connecting all the 

cross points (M(Vw), Vw ) is just the calibration relation M(V~) of 

the GPC column studied. 

Calibration of Spreading Factor 0- 2 (VB) : 

TIle instrumental spreading effect of a gel chromatographic column 

may be described by the magnitude of the spreading factor 0- 2 which, in 

turn, is a function of the retention volume VB' Coupling LALLS with 

erc presents a simple and direct experimental method for measuring 

0- 2 (VR). As mentioned above, the experimental function Mw(V) and 

calibration relation M(VR) can be obtained from the experimental 

resul ts of several samplos Vii t11 differen t mol ocular weigh L by LALLS­

GPC. With the aid of the relationship between the coefficients of 

!I<!(VI» and ~!w(V), the parameter I; might be determined with Eq. 11 

1;2 = B\oJ / Bm 

is readily calculable from the slopes. 

From Eg. 8 

1-~ 
Bvl (V - tBMI;20~) 

(15) 

(16) 
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<;2is also solvable by iteration from intercepts. After substituting 

V and o~obtained from F(V) into Eq.16, since <;2is evaluated, from its 

definition O~is also calculable by 

(17) 

Correction of Inhomogeneity Index: 

In coupling LALLS with GPC the number of average molecular weight 

of the whole sample printed by the data processor is always larger than 

the true value and, therefore, leads to a 10l'ler inhomogeneity index 

(M)w/<M7 .... , although the correct weight average molecular weight can 

be obtained. It is because the eluted polymer in the light scattering 

cell is still polydispersed, due to the presence of instrumental spreading 

effect, even though the cell volume is rather small. The true weight and 

number average molecular weight of the whole sample should be 

and 

<M>w, true = J:F(V)MW(V)dV 

<M)n,true = 1/~V 
~Mn(V) 

(18) 

(19) 

respectively, while the printed number average molecular weight of the 

whole sample was calculated by the data processor according to 

(M)n,cal = II [F(V)/Mw(V)]dV (20)' 

in which Mw(V) \'las used instead of ~ln(V) [or calculaL.ion. Thus, the 

inhomogeneity index printed out by the data processor is 

((M)w/<M> n) GPC-LALLS= <11>1'1, truel<~l') n ,ca 1 

in turn it may be written as 

<M>n ,ca I (M>W) 
<M>n,true' @n GPC-LALLS 

where (\'M>n,calKl-i>n,true ) is the correction factor for the 

(21) 

(21 a) 

inhomogenei ty index. Substituting Eqs. 7 and 8 into Eqs. 19 and 20, 

and taking the quotient we get 
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<It)n ,cal 

:Z~n-,True 

substituUng l:q. J:, into the preceding C\vo equations we have 

(
<t-P \ 

~) true 

(22) 

exp{BwBm(l - ~w)o~} 
M 

L<~~) 
\~~n GPC-LALLS (23) 

It could be seen that the correction factor is a value larger than one. 

When the sample is monodispersed, Bw=O; and when the column is ideal, 

Bw=BM' The correction factor is equal to one at these two extreme 

cases. This correction factor depends upon the parameter t.; 2and o~ 

that is to say, it depends both upon the instrumental spreading and 

the molecular weight distribution of the sample. The correction 

factor increases with increasing breadth of the molecular weight 

distribution. In this respect it differs from the correction factor 

for instrumental spreading of the inhomogeneity index calculated 

from the experimental chromatogram F(V) and the calibration relation 

M(Vfl.)' For the latter [10] 

c:~~ ) true 
(24) 

the correction [actor is indepenclent of the molecular weight dis­

tr:ibution of the sQmple. 

EXPERHIENTAL 

Two groups of polystyrene samples were used. Samples of group 

A are fractions prepared by fractional precipitation of a self­

polymerized pOlystyrene sample. Group B contents ARL polystyrene 

standards with narrow molecular weight distributions. 

The experimental instruments used include an ARL 950 gel per­

meation chromatograph and a KMX--6 low angle laser light scattering 

photometer. They are connected together according to the manual 

and references [10-13]. The sample cell of the light scattering 

photometer is set between the GPG column and concentration detectors. 
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The GPC columns were packed wiLh two kinds of cleactivat'ed silica 

beads, prepared in our own laboratory. The experiments were carried 

out at 35°C, using tetrahydcofuran as eluent \'I,ith n rlm'l t'ate of 

1.21 'i 

ca. 1 ml/min. The volume of sample solution injected \vas 2 mI. with 

concentrati,ons from O.UD] to IJ.002 g/ml" The elution volume was 

counted oy a syphon tube with a volume of 1.98 ml. The concentration 

of the eluted polymer was detected by an ultraviolet detector at 

245 nm. Signals from GPC and LALLS were fed into the dual pen 

'recorder and the KMX-6/DP data processor simul taneously. Program 

mode GPI was adopted. The following information \vas printed out 

in six reports at the end of run: table and chromatogram of original 

data, calculated concentration and molecular weight, graphs of 

differential and integral molecular weight distribution and 

molecular weight averages of the whole sample, etc. 

The start of the run of the data processor is controlled 

by a switch. The length of a run is specified beforehand. It 

is divided into ISO data points within entire length of a run. 

For the further treatment of the experimental data, the data 

point number m was transformed into elution volume count no. V 

by following equation: 

v V Flow Rate(ml/mn) X Run Length (mn) 
5 + 150 X 1.98 (ml) .m 

where Vs represents the count no. at the beginning of a run. 

"Gre Delay" is one of the parameters jJ1Jlllt into the (kILn 

processor. It denotes the time needed for the eluent flow from 

light scattering sample cell to concentration detector. It 

should be measured precisely. rOt' this purpose we tool< the (;1'C 

colunm out of the system and let the sample injection valve be 

directly connected with the detectoTs. As a small amount of 

sample solution was injected, "GPC Delay" could be obtained 

from the distance between the two peaks of the detector responses. 

RESULTS AND DISCUSSIONS 

The experimental data for san~les printed out by the data 

processor have been further treated and analyzed as follows: 
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TABLE 1 

The Lxperi men La I Da La of Polystyrene Samples by cre and CPC-LALLS 

Polymer V A B V 
W \'1 1'1 

A 108.4 37.0 21. 78 0.060 107.3 448 

A 2 108.2 27 .4 19.45 0.039 107.6 429 

A 3 109.1 33.2 20.18 0.046 108.3 410 

A 4 109.1 32.1 19.78 0.043 108.4 381 

A 5 116.3 59.8 22.65 0.069 114.2 246 

B 1 130.2 19.0 13.61 0.006 130.2 38.1 

B 2 140.8 19.6 14.42 0.019 140.6 12.0 

13 3 152.9 18.1 13.63 0.024 152.7 2.21 

13 4 158.9 18.2 14.57 0.033 158.6 1.10 

A 6 166.5 17.4 15.44 0.040 166.1 0.64 

The mean elution volume 'ij and the variance G:;are calculated 

from the printed original data table (report 1) of the experimental 

chromatogram F(V) according to their definitions. The results ob­

tained are listed in Table 1, in which the unit 'ij and G,are both 

in elution volume counts. The plotted diagram of the logarithm 

of Lhe \vcight average molecular weights from report 3 versus the 

elution volume possesses good linearity except at the two extreme 

ends of the chromatogram; an example is shown in Figure 1. The 

deparblre from linearity at the tail parts of the chromatogram 

is mainly caused by too Iowa concentration of the eluted polymer 

in that region. The coefficients \" and Bw \;ere calculated by a 

linear regression method according to Eq. 7a using the middle portion 

of the data points, the results obtained are also listed in Table 1. 

The experimental functions Mw(V) for the samples studied and thus 

obtained were drawn in Figure 2, where the dotted line represents 

the tail regions where the data points deviate from linearity. 

In Figure 2, the data lines of some high molecular weight samples 

arc omitted so as to avoid crowding. 
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FIGURE 1. Dependence of the experimentally determined 

molecular weight on the elution volume for 

sample AS. 

110 120 130 

V 

140 150 160 

140 

FIGURE 2. The experimental relation M\/v) and the 
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The volume Vw and molecular \veight ol(V\) at the cross poin t of 

the experimental function "\/V) \'lith the calibration relation Ivl(VR) 

were calculated according to Eq. 13 and 14 from the mean elution 

volume V, varLance as well as the coefficients A and B of the 
V,' W 

function listed in Table 1 and also drawn in Figure 2. By plotting 

the logarithm of Ivl(Vw) against V\'I' we get the monoclisperse molecular 

weight separation calibration relationship M(V,,) for polystyrene of 

the gel chromatographic col unm used. 

with the coefficients 

A 27.42 and 

B 0.115. 

111e parameter £;2 was then calculated from the slope or the intercept 

of the experimental function "\/V) and the cal ibra tion relation 

Ivl(VR) according to Eqs. 15 or 16. Afterwards, the spreading factor 

0 2 was calculated from 0 2 and £;2 according to Eq. 17. The calculated 
a T 

resul ts are all 1 isted in Tab 1 e 2. The parameters £;2 and the spreading 

TABLE 2 

The Spreading Factor for the ~olystyrene Samples 

V 
[,? 0 2 

Q 

Polymer IV Hom 1r~m §pm 1r~m oIle n· erce~ ___ ' _o~",-. n erceIlt 

A 1 107.3 0.536 0.533 17.2 17.3 

i\ 2 107.6 0.345 0.346 17.9 17.9 

A 3 10S.3 0.407 0.407 19.7 19.7 

A 4 10S.4 0.379 0.375 19.9 20.1 

A 5 114.2 0.617 0.633 22.9 22.0 

B 1 130.2 0.051 0.057 18.0 17.9 

B 2 140.6 0.172 O.I77 16.2 16.1 

B 3 152.7 0.211 0.196 14.3 14.6 

13 4 ISS.6 0.295 0.282 12.S 13.1 

A 6 166.1 0.358 0.375 11.2 10.9 
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FIGURE 3. Dependence of the spreading factor on the 

retention volume. 

factors o~btained from the slope and from the intercept are practically 

identical. This fact indicates that the results ·of the mathematical 

treatment given in the present article are valid. 

For a polydispersed sample the spreading factor obtained by the 

preceding method is an average value jdentified as 

Since the molecular weight distributions of all the samples used are 

rather narrow, as an approximation it may be looked upon as the 

spreading factor of monodispersed polymer. Taking V as the retention w 
volume of monodispersed polymer, the plot of o~ versus V is shown in 

w 
Figure 3. rt may be regarded as the (V ) function of the gel chroma-

tographic colunm used in the present work. It can be seen from 

Figure 3 that a maximum appears at the retention volume not far from 

the interstitial volume of the column. This phenomenon is identical 

Ivith that first observed by Tung [1,2] using a reverse flow technique. 
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TABLE 3 

Experimental Data Ii Corrected V81ues of [nholllogeneity Indexes 

From Gel Chromatogram From GPC ··LALLS 

Polymer (1«1)w (M)n (M)lv /(M)n 
{M)lv (M}n 

(M~w / (M}n 
x10- 4 -4 x10- 4 x10- 4 x10 Expt. Cor. Expt. Cor. 

A 509 322 1. 58 1.27 461 404 1.14 1. 28 

A2 2 496 249 1.42 1.13 428 410 1. 04 1. 13 

A 3 460 301 1. 53 1.19 413 383 1.08 1.19 

A 4 458 306 1.49 1.16 381 361 1. 06 1.16 

A 5 241 113 2.12 1. 59 246 181 1. 36 1.62 

B 1 39.6 31.1 1. 27 1.01 39.9 39.2 1. 02 1.04 

B 2 12.1 9.46 1. 28 1.04 11.7 11.6 1. 01 1.05 

B 3 3.06 2.44 1. 26 1. 05 2.08 2.04 1. 02 1. 06 

B 1. 57 1. 24 1. 27 1.08 1.07 1.06 1. 02 1.07 

A 6 0.67 0.54 1. 25 1.08 0.60 0.59 1. 02 1. 08 

The weight and number average molecular weights, as Ivell as the 

inhomogeneity index printed by the data processor, are listed in 

Table 3. The results calculated from the experimental chromatogram 

F(V) and the calibration relation t-l(Vp.) are also listed in the same 

table. It is obvious thQt the inhomogeneity index «~l>w/<I'l>n)GPC -LALLS 

from GPC with LALLS on line is 1 Olver , while that from the gel chroma-

togram and the cabbya tion relationship «I'l>w/<M>n) GPC is higher. 

Naturally, both of them are the consequences of the instrumental 

spreading. These two independent series of data were corrected by 

Eqs. 23 and 24 respectively. The corrected inhomogeneity indexes 

coincide with each other very well as shown by the data in Table 3. 

It indicates that the correction factor proposed in this article is 

also valid. 

For the commercial polystyrene standards we used (group B sample!j), 

the manufacturer (ARL) only gave the weight-average molecular weights; 

no accurate inhomogeneity indexes had been given. The manual and the 

experimental values are listed together in Table 4; .it indicates that 
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TABLE " 

Comparison Between Manual Values and Corrected Experimental 

Values or Polystyrene SLandards 

-~~-~-~----~---~ --·-4------- ~-----~~------
(M}w x 10 (1<1)1'1 /(M)n 

Polymer Manual LALLS G-PC-LALLS Manual--C;P-C-LALLS-
cor. 

B 1 39 38.5 39.9 (1.06 1.04 

B 2 11 11. 7 11. 7 <1.10 1.05 

B 3 2.04 2.02 2.08 <1.06 1.06 

B 4 1.00 0.98 1.07 <1.10 1.07 

an absolute characterization of polymer could be made by gel chromato­

graphy by coupling with a molecular weight detector such as LALLS. 
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BEADS AS GPC PACKINGS 

Qi-Jian He, Xiu-Zhen Li, Di~Ya Meng 
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Qianjiajie, Wuchang 

People's Republic of China 

SurvUv!ARY 

A series of silica gels having various molecular weight 
exclusion limits has been modified by reaction with octade­
cyltrichlorosilane. Toluene being used as moving phase and 
hydroxyl-end blocked polydimethylsiloxane as solute, the 
chromatographic process on these modified silica packings 
is mainly controlled by size exclusion; an additional ab­
sorptive retention can still be observed with the low 
molecular species. Thus, calibration in this case should be 
performed using standard samples of the specific polymer to 
be determined. 

INTRODUCTION 

Porous silica gels, used as GPC packings, usually need to be 

modified with trimethylchlorosilane or hexamethyldisilazane(1-3) 

in order to suppress the adsorptive effect caused by surface silano1 

groups. It has been proven(4,5) that an appreciable number of 

unreacted silanol groups is still left on the surface of silica 

gels treated chemically with organochlorosilanes. 111e adsorptive 

Presented at the GPC Symposium, Chinese Chemical Society, Guil in, 
People's I<.epubl ic of' China, JUI1e 2,-6, 1981. 
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effect due to remaining silanol groups can be very strong with 

short-chain bonded phases(6), since solute molecules penetrated 

through the phase to the surface easily. A variety of packing 

materials for reversed phase liquid chromatography, prepared by 

reaction of porous silica gels with long-chain alkylchlorosilanes, 

has cOImnercially been available for a long time, but reports on 

the application of these modified silica gels for GPC have not 

yet been found. In the case of long-chain bonded phases, as 

noted by Kirkland(7), unreacted silanol groups are shielded by 

an "umbrella" of tightly packed organic groups, and the adsorp­

tive effect may be reduced to a very low level. In this labor­

~tory, a series of porous silica beads was modified with octa­

decyltrichlorosilBne. Toluene being used as moving phase and 

hydroxyl-end blocked polydimethylsiloxane as solute, the gel 

chromatographic behaviour on the modified silica beads and the 

residual adsorptive effects were investigated. 

EXPERIMENTAL 

Materials 

Octadecyltrichlorosilane was prepared by addition of silicon 

tetrachloride to octadecyl Grignard reagent; the product was dis­

tilled and collected at 210-214°C/6mmHg. Other chemicals were 

commercially available materials, AR and CP grade, and were not 

treated before use. 

Cross-linked polystyrene gels, JD-type, were supplied by the 

Chem. Dept., Jilin University. Silica packings, NDG-L, which had 

been treated by hexamethyldisilazane, were commercially available 

(2nd Chern. Reagent Plant, Tianjin). Silica packings Nos.1-6 were 

prepared by calcining spherical porous silica beads (Qingdao Sea 

Chem. Plant). Two procedures were employed for the silica modi­

fication: 

Method I: by reaction with hexame"thyldisilazane, according to the 

procedure described by Beijing Chem. Incl. Institute(8). 
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Metl10d I I ," b t' ' tl tilt' I ' 1 (4 ,7,9, ) A Y reac'lon 1'11'1 oc'aeecy rlc10rosl ane . 

common procedure is as follows: A given amount of silica beads, 

whose surface had been fully hydrolyzed with HC1, was placed in 

127..5 

a round-bottom flask, heated at ISO-160°C for 2-4 hours and foll0l1ed 

by cooling, in vacuum; then an excess of octadecyltrichlorosilane 

dissolved at 10-20% in dry toluene was drawn J,n. It was assumed 

that the amount of octadecyltrichlorosilane, IVs, required for 

monomolecular layer bonding can be estimated by the following 

relation: 

IV 
s 

IVg x S x 4 x 10
18 

x 388 

6.02 x 
g 

2 
where \IIg and S are the weight (g) and specific surface (M /g) of the 

silica beads to be treated, respectively. The mixture was refluxed 

with suitable stirring for 16-18 hours, while a small stream of dry 

nitrogen was passed through the solution. After cooling, the silica 

beads 11ere separated from the so 1 ution by decan ta tion, then washed 

by column-elution with dry toluene, acetone, a mixture consisting of 

10% H
2

0 and 90% acetone, methanol successively until the final eluate 

was fully neutral. The silica particles were air dried and heated 

at 120°C for 4 hours. For silica packing No.1, after treating as 

above, the reaction with octadecy1trichlorosilanewas carried out 

once more in much the same way, except using dry xylene instead of 

toluene. In order to remove any residual silanol groups which could 

have been formed by octadecyltrichlorosilane hydrolysis, usually, 

the silica beads, treated as above, were further reacted with hexa­

methyldisilazane according to Method I. 

Samples and Standards 

Anionically polymerized polystyrene standarels were supplied by the 

Chem. Dept. Jilin University. 

Pulydbnethylsiloxane samples (hlocked by hydroxyl~end) were 

obtab1ed from thjs institute and fractionated at 15~0.1°C by aeldition 

of methanol to thei.r dilute solutions (lg/ell). Benzene (10) or ethyl 
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acetate (11) was chosen as the good sol ven t. Each frac tion Ivas re,· 

clissol ved and reprecipa ted until a symmetrical peak of appropriat:e 

width was obtained by GPC. The intrinsic viscosities of the fractions 

were measured with a Ubbelodhe,·type semi··microviscometer 1n toluene 

at 25°C and the molecular weights were calculated by the relat10n(12): 

25°C 

[n]toluene 

-4 = 0.828 x 10 

and the resul ts are 1 isted in Tnble IT 

Gel Chromatography Operation 

dl/ g (2) 

A gel clUOlJlDLogl'ilph (Tianj in Anal. InoiLJulll. PlanL, Model SN-OIA) 

equipped with a differenLial refracLometer was used. TIle elution 

volume was measured by counting with a syphon of 2.5ml. Provided 

that there are no special notes made in this paper, the chromatographic 

separations were performed with a column of 1m length x 8 mm i.d. 

at room temperature and flow rate range of 0.6-0.8ml/min. using toluene 

as moving phase. 

Solute recovery check was made as follows: At the same sample 

size and instrumental sensitivity, a polydimethylsiloxane was 

chromatographed with modified silica gel columns and a polystyrene 

gel column respectively. Suppose the recovery of this polymer on 

polystyrene gel column is 100 Yo; then the recoveries on modified 

silica gel columns may be expressed by SI/S2 ratio, where SI is 

the peak area values obt.ained with modified s i 1 lca gel sand S2' 

with polystyrene gel. 

RESULTS AND DISCUSSION 

Chromatographic Properties of Modified Silica Cels 

c.loll)cuJar Iveight exclusion Limit, ratio of pore volume to 

inl·ccl':;tili.ill VOllJI1\C, ilnd pclckec!·co·!lllill1 cl'ficicncy were mcaslll'C;d; 

these results are i.:i.sl.ed i.n Table I. As ~;h()lVn in ehe last colulllll 

of Table J, the particle size exerl:s an ol)viollS effect OJ) column 
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FIGURE 1. PS calibration curves before and after packing modification. 

Column of Imm x 8mm i.d.; toluene as moving phase except 

curves 2,5. 

1) Silica No.2 
2) Silica No.2, in TJ-lF 
3) Silica 2-1 
4) Silica 2--II 
5) Silica No.1 in THF 
6) Silica I-II 
7) Si lica I-II 
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efficiency, but not much difference in efficiency can be found 

between the two packings, which were modified by Method I and 

~lethod II respectively (either Silica 1 I and Silica 1-II, or 

Silica 2 I and Silica 2-11). 

It is important(13) that a monomolecular layer of organic 

groups should be chosen in silica modification, since the pore 

openings of gels, particularly those with small pore sizes, may 

1229 

be blocked by polymer layer, resulting in a drastic decrease in 

observed pore column. On this account, in our laboratory, the 

reaction of silica beads with octadecyltrichlorosilane containing 

three Clctive funct.ional groups have been well protected from 

moisture in the air. The value of Vi/V
o

' as shown in the 6th 

colunm of Table I, have only a slight disparity from a comparison 

with Silica No.2 and Silica 2-II, or Silica No.3 and Silica 3-11. 

As regards Silica 1-11, however, the value of Vi/V
o 

is 22% less than 

before its modification; this might be attributed to the large 

specific surface of Silica No.1, i.e. the great number of silanol 

groups available for reaction with the organosilane. Thus, this 

modified material has a high level of organic content which, of 

course, can occupy an appreciable amount of pore volume of the gels. 

Effects of silica modification on the calibration curves are 

illustrated in Fig. 1. 

Suppressing Adsorptive Effects 

Adsorptive retention, which occurs simultaneously with the 

size exclusion process, is usually observed as excessive retention 

as well as tailing chromatographic peaks. When the adsorptive 

effect is strong, solute molecules may either be permanently 

retained in the column, or elute so slol,/ly that the concentration 

of solute in eluate is below the minimum detectable limit. 

Accordingly, solute recoveries calculated from chromatograms 

are on the loll' side. In order to examine the residual adsorp·, 

tive effect, hydroxyl-encl-blocked polydimethylsiloxane (PLllvlS) 

samples of' narrol'l or Lnoad molecLl] ar weigh t c\istribution were 

chromatographed using various silica peaking which had been modified 
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by the I:wo me thods described above. For convenience, the same 

code numbers are employed for silica packing and the corresponding 

column packed with it. 
5 _ 

The exclusion limit values are both approximately 1. x 10 for 

Silica 2-1 and Silica 2-11, but retention behaviour of POMS fractions 

on column 2·-11 is quite different from that on column 2-1. Fj.g. 2-b 

shows a chromatogram of a mixed sample on column 2·-11 where narrO\v 

distribution POMS fraction V, POMS fraction X and heptane are well 

separated from each other; the values of Ve at peak position are 

10.15, 14.S and 17.4 respectively, in agreement with the order of 

size separation. In the case of column 2-1, POMS fraction X actually 

elutes later than heptane and peak tailing is very pronounced (Fig.2-c). 

A cluoma togram of POMS samp Ie No. A (with broad distribution) 1 ies 

before the total permeation volume, 1/.4 (Fig.2-a-l), and the polymer 

sample recovery amounts to 100% on column 2-11, ~lile a part of this 

PO~!S sample eluting is beyond the normal volume range for C;PC 

(Fig. 2-a-2) and the sample recovery detected is only about SO~6 on 

column 2-1. 

I ! ! 

10 
I I J 

15 
a 

2 

I t I I J 

20 
I I I ! 

20 15 

2 

~Sf 
'20! ! ! ! £(;-O-Ve 

C 

FIC;URE 2. El ution curves on column 2-1 or column 2··11. 

a. [,DMS sample No.A of broad distribution, n'l L:5xl0
4 

(L) column ,J. 1.1; (2) column;; I bl) PDiI!S fraction V,Mi(G.O'lXl0'1 

2) POMS fraction X, M'1S.11Xl0:), 3) heptane, column 2··II 

c.1} heptane, 2) PDivlS fract Lon; column 2··1 
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FIGUII.E:5. Elution curves on column 1-1 01' column [._} 1. 
4 

a. POMS sample No.A of broad cLisLribuLioll, !\l1L3xl0 , 

1/5j 

(1) column 1-ll; (2) column 1 I b.1) POMS fraction X,rViV/8.llxlC 

2) heptane; column 1-1 I 

Silica I-II of exclusion limit 1.2.xl0
4 

was treated twice with 

octadecyltrichlorosilane for removing reactive silanol groups. 

As usually expected in GPC, POMS sample No. A or POMS fraction 

X can elute Ivithin a fixed volume, (Pig.3-a-l, Fig.3-b) and the 

recovery also amounts to 100% on column I-II. On column I-I, 

however, the elution curve of PDMS sample No.A is scarcely to be 

recognized because of the strong adsorption by the packing materials 

(the dash line in Fig. 3-a). 

While the exclusion limit value is as high as lxl0
6 

for Silica 

NDG-4L, an obvious adsorptive retention can sLill occur on this 

packing. As shown in Fig. 4-b. a skewed and tailing peak is ob 

served for PDMS fraction VII on column NDG-4L and about a half 

of the polymer sample eluLes beyond the elution volume of heptane. 

Ilowever, Pig.4-a shows a good separation based on molecular 

sizes on column 4 II, the values of Ve being 11.:), IS.5 and 1).'1:) 

for [,D"IS fraction 11, PUMS CL':tcli,OIl VII anci hepLanc, respectively. 

It is evident, from the above that the adsorptive action by 

l'emaining silanol groups, a;; might be expected, can be effectiveLy 
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FIGURE 4. Elution curves on column 4-11 or column NDG-4L. 
- 5 a. 1) PDMS fraction II, M~2.87xlO , 2) PDMS fraction VII, 

~ 4 
Mtt3.26xlO , 3) heptane; column 4-11. b.l) heptane 

2) PDMS fraction VII; colunm NDG-4L. 

suppressed by a long chain alkyl protective screen bonded onto the 

silica surface. In contrast to silica packings modified only with 

hexamethyldisilazane, on silica modified with octadecyltrichloro­

silane the chromatographic process of hydroxyl-end-blocked poly­

dimethylsiloxane in toluene is mainly controlled by size exclusion. 

Examination of Universal Calibration Procedure 

Gel chromatographic separation is based on molecular sizes. 

When there is no special interaction between solute and packing 

materials, hydrodynamic volume defined as [1l]M may be a universal 

parameter for calibration. It was proved with polystyrene gels 

by Dawkins(14) that polystyrene and polydimethylsiloxane followed 

the same M or [ll] 1\1 calibration in a good solvent such as chlorofol'm. 

Andrianov et al. (15) also reported that the plots of log [1l]M-V were 
e 

in agreement with each other for polystyrene and polydimethylsiloxane 

blocked by t~rirnethylchlorosilane in a GPC system using toluene and 

porous glasses. For hydroxyl-end-blocked polyd~nethylsiloxane, its 
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H cal ibration curves 

two columns of 1m x 8mm i,d, in series, packed with Silica 5-II 

and Silica 2-11 repsectively; toluene; 25°C. 

o PS, x PDHS fractions. 
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chromatographic behaviour on modified silica gels lvould follow the 

universal calibration prinicple if the adsorptive effect caused by 

remaining silano1 groups were suppressed to a level comparable 

with experimental errors. Based on this thought, the values of 

[nl M and elution volume from silica columns 2-11 and 5-11 in 

series are listeu in Table II and plotted in Figure 5 for polystyrehe 

standards and pm'ls fractions. The following relationship I'las em­

ployed to calculate the [nlM values for pOlystyrene(16): 

25C 0.977 x 10-4 MO. 73 
dl/g (3) [nl 

toluene 

Fig. 5 shows that the same M calibration curves may be obtainecl 

for polystyrene and PDMS fractions above a molecular weight of 

approximately 4 x 10
4 

On the 101'1 side of the curves, however, 

POMS fractions clute later than polystyrene of the same [nlM; 

the lower the molecular weights of the polymers, the greater 

is the difference in elution volume between them. In principle, 

this may be interpreted as addit,ional adsorptive retention; then 

the calibration in such a case should be performed with standard 

samples of the specific polymer to be determined in order to avoid 

introducing an error into the molecular weight calculation. 

Discussion Concerning "Adsorptive GPC" 

The above residual adsorptive effect is further evidenced from 

a comparison of molecular weight calibration on modified silica gel 

columns and polystyrene gel co] unms. The log M-Ve plots are almost 

in coincidence for polystyrene and PDMS fractions in the system 

with toluene and polystyrene gel JO-I03 of exclusion limit lxl0 5 

(Fig. 6); however, a difference in molecular weight calibration 

between the t\'10 polymers, especially those of molecular weights 
4 

below 4 x 10 , can be found on si.lica column 2·-I1 and colunm 

L II (Fig. 7). r·t is evident that. l.he chromaLographic behaviour 

displays "adsorptive,·GPC" characteristics for hyclroxyl·-end·, 

hlocked po]yclimethylsiloxane on silica gels modified wit.h octa-
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FIGURE 6. Molecular weight calibration on polystyrene gel JD-I03. 

o PS, x PDMS fractions 

decyltrichlorosilane. In this case, the excessive retention is 

due to the residual adsorption added to the size exclusion; the 

adsorptive strength decreases with increasing molecular sizes, 

since an increase in size exclusion is accompanied by a loss of 

the surface available for adsorption (17). Finally, when t_le 

polymer molecular species aTe excluded from all of the pores, 

the adsorptive effect also immediately disappears. 

As noticed by Gilpin(18) and Majors(4), if the porous 

structure leads to molecular exclusion, the surface available 

fOT chemical modification decreases. It may be assumed that 

there is actually no long-chain alkyl bonded phase on the 

internal surface of some pore openings from which octaclecyl-

trichlorosilane molecules are all excluded. In general, the 

polymer molecular sizes are large so that they are also excluded, 
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FIGURE 7. Molecular weight calibration on modified silica gels. 

(a) column 1-II , 0 PS, x PDMS fractions 

(b) column 2-II , 0 PS, x PDMS fractions. 
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FIGURE 8. Retention behaviour of n-alkanes and l1-alcohols. 

column 2-11; toluene. Q) l1-alkanes, x no-alcohols. 
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Ivhereas the smaller molecules uf jJolar suluLe llIay permeate 

into such micropores, resulting in strong retention and in the 

adsorptive effect becoming a controlling factor in chromato­

graphic pTocess. For this, an experimental example is given in 

Fig. 8, which qualitatively indicates that the differences 

between V values for n-alkanes and n-alcohols of the same 
e 

carbon number increase rapidly as molecular weight decreases on 

column 2-- II. 
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ABSTRACT ," 

The primary objective of this work is an investigation 
of the separ'at ior, and zor,e brodenir,g effect ir, colur/ms 
packed with porous and nonporous materials, and estimation 
of the accuracy of the broadening parameter, h, obtained by 
a reverse flow method. In order to study the separation and 
dispersion phenomenon in the mobile phase, and that caused 
by a mass-transfer process, columns packed with smooth glass 
beads and porous silica columns were used. 

INTRODUCTION 

In GPe, the relationship between the eNperimental 

chromatogram Fev) and the chromatogram after the correction 

"'f','esented at the GIJC Symposiul11, Chinese Chemical Society, Guilin, 
People's Republic of China, June 2-6, 1981. 
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for zone broadening Wly) is given by the Tung's ir~egral 

equat io\rl (1) 

F(v) 

-0 

JW(Y) G(v-y)dy 
- <>0 

(1 ) 

where both v and y represent the elution volume, and the 

function Glv-y) represents the overall zone broadening, 

which is thought to have come ft'om several sources: (a) 

broadening caused by mixing outside the packed columns, Ib) 

broadening caused by mixing (diffusional and convective) in 

the mobile phase within the packed columns, and Ic) 

broadening caused by the process of transfer of solute 

between the mobile and stationary phases in the columns. 

The effect of (a) has been shown to be small (2). The 

effect of Ib) and (c) have been shown to give Guassian 

broadening for conventional chromatography, 

h 
2 2 

exp[-h (v-y) 1 (2) G(v-y) 

where h is a parameter describing the degree of the 

broadening and is related to the standard deviation of a 

Gaussian distribution by 

h (3) 

In Older to use Tung's integral equation, the parameter h, 

as a function of elution volume, must first be determined 
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experimentally for each calibration standard and column 

comb i l'.at ion. There are two techniques that can be used to 

determine the h value: the reverse flow technique (3) and 

the recycle technique 14-5). Using the reverse flow method, 

Tung has found that the parameter h, as a function of 

elution volume, passes through a minimum. This is the 

result of combined effects of the extent and rate of 

pet'meat i Ol'._ In the present work, the separation ability and 

broadening effect in mobile phase, the flow rate dependence 

of the elution volume on porous silica columns, and the flow 

rate dependence of the function hIK), where K is the solute 

distribution coefficient, were determined by means of a 

reverse flow or recycle method. The accuracy of the h value 

obtained by the reverse flow method was also estimated. 

EXPERIMENTAL 

1) Equipmel'.t 

GPC Unit, Model SNJ-75-1, with a four-port valve Ifor 

reverse flow technique) and two six port valves (one for 

injection of the sample and the other for recycle technique) 

was used in this stUdy. A differential refractometer and a 

UV detector were used to monitor the solute concentration in 

the eluent. 

:=:) Columns 

100 angstrom mean pore sizes were used, each being 1m long 

wit h 10 film 1. cL 



TABLE 1 
Standard Polystyrene Samples 
Sample Molec. Weight 

PS-l 2350 

PS-2 B500 

PS-3 3. 5X10 4 

PS-4 1.1X10 5 

PS-5 2.0X10 5 

PS-6 4.7X10 5 

PS-7 2.7X10 6 

PS-B 3. 7X10 6 

Four columns, 1 m x 10mm i.d. were packed with 

nonporous glass beads of 44-53 micron particle size. 

3) Samples 

GAO ET AL. 

The pol yst y~'erle st ar,dards were obt a i ned frc.m Wat ers 

Associates and are listed in Table I. In addition to the 

above samples, a polystyrene NBS-706 sample, four PMMA 

samples, two PVC fractions, a SBS TR-1101 copolymer and 

benzene were used. 

4) Experimental Conditions 

All measurements were performed at room temperature, 

THF was used as solvent, flow rata 121.5-5.0 mi/min. The 

injection volume was 1.3 mi for porous silica columns and 

121.5 ml for glass bead columns. 
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RESULTS AND DISCUSSION 

1) Separation Ability and Zone Broadening Effect in the 

Mobile Phase. 

It was considered that the mobile phase caused only the 

broadening of the solute zone but did not separate solutes 

with different molecular weights. Yau (6) used columns 

packed with nonporous glass beads and found no separation 

between a styrene monomer and a polystyrene sample, and, by 

means of this observation, indicated that separation by flow 

in the mobile phase was not an effective mechanism in GPC. 

Our experimental results for PS and PVC samples and benzene 

on nonporous glass bead columns are listed in Table II. 

This shows that the peak elution volume, Vp, depends upon 

the molecular weight of the samples. Vp decreases with 

increasing molecular weight, though the variation is small. 

In order to further confirm this effect, the recycle 

TABLE 2 
Elution Vol. , Vp, & Broadening Parameters h and h', 

Sample MW Vp h h' 
---------------------------------------------
Benzene 78.1 38.09 2.46 2.41 

PS-l 2350 38.07 2.17 2.04 

PS-4 1. lX105 38.00 1. 93 1.78 

PS-6 4.7X105 37.87 1. 89 1. 79 

PS--7 2.7X106 37.60 1 • .1+5 1. 21 

PVC-·f) L l8X 1~ 38.01 1. 89 1.58 



Figure 1" 
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n ~ I n 5 n 10 

Elution volume 

Separation of mixture (PS-l + PS-7) on nonpc~ous 
glass bead ce,lumns 

technique was used; this served the same purpose as the 

lengthening of the column. Figure 1 shows the recycle 

chromatogram of a mixed polystyrene sample (PS-l and PS-7), 

n is the number of cycles. At the first cycle there was 

only a single peak of the mixed sample, but after several 

cycles the peak was split into two. The first two peaks 

were further separated from each other with increasing cycle 

nur"ber'. Thus, the separation ability of the columns was 

well confi r'med. Flow rate dependence of Vp is shown in 

F i gur'e 2. Vp of both samples increase with increasing flow 

rate, and the slopes of both curves are almost the same. 

This result could not be explained in terms of separation by 

flow and separation by steric exclusion because, in both 

cases, th(c: flo"~ Y'dte independence of Vp is usually expected 

(7) " 

possible either; it would predict that the elution volume 

should decrease with increasing flow rate and that the 
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Figure 2. Variation of Vp with flow rate on nonporous 
glass bead colUMns 

elution volume of low molecular weight compounds should be 

influenced by a variation of flow rate to a lesser extent 

(8) • 

According to Kelley and Billmeyer(9) the plate height 

equation describing dispersion in the mobile phase with a 

velocity profile model is expressed by equation (4) 

Hm -1 2kRc2 
2 ¢Dm U + 2,\ d p + -¢-D-'-m-u---::-1--+-,\-d-P-------

where Hm is the mobile phase plate height, U is the 

interstitial velOCity, DM is the diffusion coefficient for 

the solute in the mobile phase, ¢ is the tortousity factor (¢ 

1/111, clp is the effective pa~'ticle diarnete~', k is a 

velocity profile constant, and Rc is the column radius. 
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Thus Hm is composed of molecular diffusion, eddy diffusion, 

and velocity profile terms. The molecular diffusion 

contribution to dispersion is ignored. This was supported 

by the experimental results of Copper (10). The eddy 

diffusion term is a function of particle size only, being 

independent of molecular weight of solute molecules. The 

third tel"m, the velocity pl"ofile effect, is related to MW 

through Dm in the denominator. 

In this work, the broadening parameter h (or h'. the 

broadening parameter obtained from a straight-through flow 

chromatogram) is used to describe the dispersion effect. 

The relationship between Hm and h is 

Hm (5) 

where L is the column length. The values of hand h' 

obtained from reverse flow and straight through flow 

chromatograms respectively for several PS, PVC-B and benzene 

a r'e 1 i s t ed i l" Tab I e 2 . The fact that h' decreases with 

increasing MW is qualitatively in agreement with the 

predictiol', e,f the volocity pre.file Illodel. But i l" eq uat i Ol', 

(4) there was no factor related to the MWD of the solute. 

As lIIel',tiol',ed abc.ve, the samples ce.uld be separated accordil',g 

to their MW's in the mobile phase, so we considered that a 

factor reflecting the solute MWD should be added to equation 

(4). This deduction was sUppolAted by the data of Table II. 

The narrow-distribution PS-4 and the broad-distribution 

PVC-B (Mw/Mn = 2.9) have almost the same values of Vp and h, 

but their h' values are obviously different from each other. 
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Here, similar h values mean that the broadening caused by 

polydispersity has been almost cancelled by the flow 

reversal, and the difference in h' simply reflects the 

effect of polydispersity of the sample. 

2) Effect of Revet'se Flowi)'"'g Process 0),", Zc.)'",e Broadey,i)'",g on 

Nonporous Glass-Packing Columns 

As the low MW solute benzene is monodisperse in 

molecular weight, the broadening parameters hand h' should 

have the same value. The hand h' for benzene were 

determined from reverse flow and straight-through flow 

cht'omatc'grar'ls. Figure 3 shows the flow rate dependence of A 

80 

6.0 

4.0 

20 

00 

Figure 3. 

o 

o 

o 

o 

o 

Ll = 2!h-h') fOO % 
h + h' 

o 

---r3-----------~?~.O~--------~J~.o~---------,q~O----------~ 

U (mY'min) 

Variation of A for benzene with flow rate on 
nonporous glass bead columns 
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( 6 == 2(h·-h')/h+h'). The fact that h>h' could be explained 

by the following assumption: According to Kelley and 

Billmeyer's velocity profile model, while the fluid is 

flowing in some fixed direction on the column, the velocity 

profile is formed and the solute zone disperses to some 

extent. During the reverse flowing process, the fluid 

changes its flow direction in a very short time; thus, the 

velocity profile should be disturbed. After this time, a 

new velocity profile is established and the solute zone 

further dispersed. However, the extent of dispersion of 

this reverse flowing experiment should be less than that of 

the straight through flowing experiment, in which the 

velocity profile is not disturbed. 

h becomes larger than that of h'. 

Therefore, the value of 

It is expected that the 

extent of disturbance is dependent upon the flow rate as 

shown in Figure 3. 

3) Flow Rate Dependence of Elution Volume on Porous Silica 

Columns 

The dependence of peak elution volume on flow rate has 

been reported by several authors giving conflicting results. 

Yau (11) observed that the elution volume of PS high 

molecular weight decreased with increasing flow rate in the 

range from 0.1 to 10.0 ml/min. Little (12), on the other 

hand, found Vp was independent of flow rate in the same 

Spatorico (13) reported that a negligible dependence 

of Vp on U was ohtained in porous glass-bead packing 

studies, whereas a small increase in Vp was observed with 
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increasing flow rate in the range of 0.2 to 1.0 MI/Min on 

polystyrene gel studies. Re~ently Aubert and Tirrell (14) 

and Gudzinowicz and Alden (15) caMe to the conclusion that 

the elution voluMe increased with increasing flow rate in a 

range of 1.0 to 3.0 MI/Min on porous silica coluMns, and 

offered an explanation based upon a flow-rate dependent 

equilibrium distribution coefficient. Moreover, Boni et al. 

(16) reported that the observed Vp passed through a MaxiMUM 

as flow rate was increased (0.2 - 2.0 Ml/Min). Mori (17), 

on the other hand, found an opposite result, i.e., that the 

observed elution volUMe passed through a MiniMUM as flow 

rate was increased on Microstyragel colUMns in the range of 

0.5 to 4.0 MI/Min. This probleM was investigated in the 

present work with porous silica colUMns. A siphon was used 

to collect the effluent liquid for the purpose of Monitoring 

the flow and the elution volUMe. The volUMe of discharged 

liquid was corrected as follows. The weight per count of 

collected liquid, A, at flow rate, U, was weighed. The 

relationship between A and U is given in Figure 4. The 

calibration curve May be expressed by a linear equation. 

A ~ A + (xU 
o 

(6) 

and the corrected elution volUMe Vp May be calculated using 

equat ion (7) 

Vp = (Vp) (1 
app 

+~ U) 
A 

o 
(7) 

wher'e (Vp) 
app 

is the experimentally measured elutioY, volUMe 

at the flow rate U. and CI cc.uld be obtaiY,ed from thr.'! 
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50 

Fi gure 4. Flow rate depey,deY,ce of discharged efflux 

calibration curve. As the evaporation rate in the siphon 

chamber of the solvent used (THFl was very small (less than 

0.4 ml/24 ht'l, its effect C'I', elutioY', is ignc.red. It was 

found that the corrected elution volume is independent of 

flow rate for all samples used, in the range of 0.5 to 5.0 

ml/min on porous silica columns, as shown in Figure 5. 

The GPC calibration curve is given in Figure G, from 

which the void volume is obtained (V o = 68.5 countl. The 

total permeation volume, Vo 

volume of benzene (V
o +V. 

l 

is equal to Bl.S. 

+ V, 
l 

is equal to the elution 

150. 1 count). Thus, the pore 

Using these data, the, 

distribution coefficient K for all standards were 

calculated. 
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Benzene 
150 ----,o~-----_<o>__---~o_ I 
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~~~~r----~----~-------~------~PS-2 

1 
~ ---~~--~O~----~O~-------~0~-~pS-3 

§ ~ PS-4 
3 n n ps-= 

~--n----~O~----~----~~---------~-------~Ps-6 

50 

0.0 

Figure 5. 
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Flow rate dependeY,ce V p on porous si 1 ica 
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Figure 5. GPC cal i brat ic.r", curve of porous si 1 ica col umns 
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Figure 7. Variation of parameter h with elution volume 

4) Zone Broadening Effect on Porous Silica Columns 

The broadening parameter h of seven PS standards, four 

PMMA samples, two PVC fractions, a broad MWD sample PS 

NBS-70S, a SBS TR-1101 copolymer and benzene were determined 

by using reverse flow method. Figure 7 shows the observed h 

parameter as a function of elution volume. A I I po i y,t s f a I I 

on a single curve. This is in agreement with Tung's 

experimental result (3) that the relationship between hand 

Vp is universal, independent of chemical structure and MWD 

of samples. 

The relationship between parameter h and distribution 

coefficient K was determined at different flow rates as 

shown in Figure 8. It shows that the value of h is strongly 

dependent upon flaw rate. However, these curves are very 
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similar in shape for different flow rates except for 

sfllallest two. This means that heV p (or heK) 

are defined primarily by pore structure of the packing 

materials. Recently Wenner and Halasz reported the result 

of a study of the relationship between the zone broadening 

effect and pore size distribution of stationary phase. 

These authors found that the plots of plate height vs 

relative molecular weight, and of pore volume freqency vs 

e-O·5 ml/mln 8- 7.6 >n1/min 

._1.0 1'1'11/m1n 0 ).9 ml/min 

0·5 ,. 
~ 
<: 
:::I 
0 
~ 

-t::: 
0.4 

0.0 0. 0 0,4 0, R 1.0 

K 

Figure 8. Flow rate dependence of hlK) 



12':i6 GAO ET AI.. 

pore diameter showed very good agreement. The results of 

that paper and of the present work complement each other. 

5) Effect of Reverse Flowing Process on Zone Broadeing with 

Porous Silica Columns 

As described above, for the nonporous glass bead 

columns, the parameters hand h' for benzene on porous 

silica columns were determined from reverse flow and 

straight through flow chrc~atograms obtained at different 

flow riiltes. For all flow rates h)h' are obtained, and 6as 

a function of flow rate U is given in Figure 9. It reveals 

that the difference between hand h' decreases with 

80 

70 

60 

~ 
50 

"l 

4.0 

30 

20 

fO 

00 

FigLn'e 9. 
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U ( m//min! 

Variation of 6 for benzene with flow rate on 
porous silica columns 
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decreasing flow rate in agreement with the result obtained 

for nonporous glass bead columns. Therefore the explanation 

based upon the assumption of velocity profile disturbance 

during the reverse flowing process is valid in this case. 

The inequality of hand h' obtained for benzene ought to be 

expected for polymer samples. The fact that h)h' indicates 

that the use of the h value obtained from the reverse flow 

method to correct the zone broadening effect may lead to 

slight underestimation. However, this effect may be igY,ored 

when experiments are run at low flow rate. 

CONCLUSION 

The experimental results show that pc.lymer samples may 

separate in the mobile phase of GPC coIumY,s accordiy,g their 

molecular weights; thus, a factor reflecting a sample's 

polydispersity ought to be added to the plate height 

equation describing mobile phase dispersion. After 

correctiy,g for the syphc.y, volume, the elution volume is 

independent of flow rate in the range of 0.5 to 5.0 ml/min 

on porous silica columns. The relatioy,ship between h and V 
p 

(or K) is lmiversal, iy,depey,dey,t of chemical structure and 

MWD of polymers. The curves of h (K) are similar in shape 

for di fferey,t flc.w rates. The brc.aden i y'g parameter, 

obtained from a reverse-low chromatogram, h, is larger than 

that obtained from a straight-through-flow chromatogram h' 

for benzene on both nonporous and porous packing columns. 

This fact indicates the use of the h value obtained from the 

reverse-flow method may lead to slight underestimation of 



GAO ET At. 

the zone broadening effect in GPC. But this influence may 

be ignored when the GPC experiments are run at low flow 

;'ates. 
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ABSTRACT 

Four narrow distribution polystyrene samples (M = 2.7 x 
106 , 6 x 106 , 6.5 x 10> , 7 x 10 6 ) were dissolved in 
tetrahydrofuran and the solutions were passed through a 
Shodex A-80M column at a concentration of approximately 
1 x 10-3 g/rol, injection volume of 500 microliters, and 
a flow rate of 2 ml/min (i.e., maximun flow rate 
allowable for this column). Molecular weights of 
eluants were then determined by viscosity and laser 
light scattering methods; concentrations were 
determined by ultra- violet spectrophotometry. From 
the results of analysis of the eluate, it was shown 
that no significant degradation was detectable for all 
four samples in this colulmn which was packed with a 
cross-linked polystyrene gel. When a silica gel 
(irregular shaped) column was used, under same 
operating conditions, only samRle PS-4, with a 
molecular weight of M = 7 x 10 6 underwent degradation 
up to 15~. High pressure exerted on the column is 
believed to be the main cause of the degradation. 

-,-
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INTRODUCTION 

When a polymer solution passes through a GPC 

column at high pressure, the high molecular weight 

portion of the sample may be degraded by shearing 

stress. The degradation of polystyrene eM c 107 , and 

polyisobutylene (M = 10 6) in conventional GPC has 

a lr'eady beerl r'eport ed {},,[J} The degradation is 

expected to be more serious in high performance and 

high temperature GPC. Degradation was observed for 

polystYr'erle (M == 4 x 10 6 ) iY'1 1~ 2, 4-tr'ichl'::.robeY'lzeY',e at 

135 0 C arid fc.r PE (M == 7.5 x 105 ) iY'1 the same solverlt 

and temperature, even at low flow rat~3} As a 

result of degradation in the high molecular weight 

portion of the sample, errors are introduced both to 

the calibration curve and to the calculated average 

molecular weight for high molecular weight samples. 

Therefore it is worth while to look deeper into the 

problem of degradation of high-molecular weight polymer 

after passing through a GPC column. GPC 

chromatographers are very much concerned about the 

ouest ion of what is the upper limit of molecular weight 

of polymer that will not undergo degradation in high 

performance GPC at room temperature. Since polystyrene 
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is widely used as standard sample to calibrate GPe 

columns, our study initially involved this polymer. 

EXPERIMENTAL 

Two sets of columns were used in a Waters 

Associates Model ALe/GPe 244 instrument. The f i t~st set 

was a Shodex A-80M column (inner diameter = 0.8 cm, 

theoretical plates = 18000 plates / 50 cm). 

set was a silica gel (irregular shape) column (inner 

diameter = 0.8 cm, 50 cm in length theoretical plates = 

16000 plates / 50 cm). This prepared porous silica gel 

was supplied by Jilin Institute of Chemical Industry. 

2. Samples 

PS-l M = 2.7 x 10 6 (Waters standard sample) 

PS-2 (Polysciences, Inc.) 

6 Mw = 6 x 10 (measured by LALLS in our 

laboratOl"Y) 

PS-'3 (Jilin Institute of Chemical Industry) 

PS-4 CPS polymerized at room temperature and 

fractionated twice) 
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3. Eluent: Tetrahydrofuran (THF) 

4. Detection method for molecular weight and 

concentr'at i01'"1 = 

The experimental procedure was carried out as 

follows: A sample was collected as it eluted from the 

chromatographic column. Its MW was determined and 

compared with the value obt,odned fOr' a "blank" that was 

not passed through the GPC column. The concentration 

of eluate was determined with a UV Spectrophotometer 

(Specord UV-VIS): Molecular weights of the samples 

were determined with a laser low angle light scattering 

photometer (Chromatix KMX-6). Due to the extremely low 

concentration of the eluate, the experimenatal error in 

the light scattering measurement was rather large. 

Intrinsic viscosities were also measured to supplement 

the light scattering data. Any changes in intrinsic 

viscosities were taken as a measure of the degradation. 

The low concentration (ca 3 B x 10-5 g/ml) of sample 

in the eluate from GPC column necessitated a proper 

choicR of viscometer. Two viscosimeters with quite 

E:7' :to" fl f 0)""' 'no::' at; ;:)~5 q:;) ~"P)",P 
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polymer soluticm and pure solvent of more than 10 

s .. econds cc.uld be obtail"led. In such a way, the 

i l"lt~'i l"lsic viscosi ties {1} of di I ute sed ut iOl"IS we~'e 

determined with good reproducibilities. 

Since degradation occurs most readily at high 

concentration and high flow rate, a high concentration 

of 1 - 2 x 10-3 g/ml and a high flow rate of 2 ml/min 

were used for both the Shodex A-80M and silica gel 

COII..Hlll"IS. 

RESULTS AND DISCUSSION 

Four polystyrene samples eM = 2.7 x 10 6 7 x 106 

were injected into a Shodex A-80M column at a 

concentration of approximately 1 x 10-3 g/ml, injection 

volume of 500 microliters and a flow rate of 2 ml/min, 

(pressure gauge indicating 300 psi). All of the 

fractions were collected in one bottle and analyzed by 

the viscosity method. The determinations were repeated 

sevey'a 1 times. The results are listed inrahle 1. 

Under identical operating conditions, solutions of two 
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polystyrene samples (M = 6 x 10 6 , 7 x 106 ) were 

passed through the silica gel column (pressure gauge 

indicating 1500 psi). The viscosities of the fractions 

were determined similarly. Results are given in Table 

(2) It is obvious from Table 1 that all four samples 

passing through the Shodex A-80M column were not 

degradated at all. On the silica gel column, the 

situation was quite different. Sample PS 4 underwent 

degradation to a extent of approximately 15~, (see 

Table 2). Flow rate and injection concentration on the 

two columns were the same. The only difference was 

pressure on the two columns. The pressure on the 

silica column was much higher than that of Shodex A-80M 

column. We believe that column pressure is vital to 

the occurrence of shear degradation. 

(3) The data of Table 1 and Table 2 show that the 

degradation of PS-THF system is not so serious in the 

high performance GPC column at room temperature as we 

first thought. Our data pointed to the fact that 

mechanical degradation is negligible when PS samples 

with molecular weights up to 6 x 106 are used as 

standard samples for column calibration. 
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DETERMINATION OF POLYOLEFIN ADDITIVES 
BY NORMAL-PHASE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

FOLLOWING SOXHLET EXTRACTION 

J. F. Schabron 
Phillips Petroleum Company 

Research Center 262 PL 
Bartlesville, Oklahoma 74004 

ABSTRACT 

Methods were developed for the determination of three classes 
of polyolefin additives. These classes are: mono and digly­
cerides, tertiary C12-C16 alkyldiethanolamines, and alkyldithio­
propionates. Soxhlet extractions were performed on 50 g ground 
samples with chloroform for 2 hours. The extracts were concen­
trated and the additives were determined by high-performance 
liquid chromatography on a ~-Porasil stationary phase. The 
methods were studied with both polyethylene and polypropylene. 

I NTRODUCTI ON 

Recently a series of methods were published from this lilboril" 
tory for the determination of additives in polypropylene and poly­
ethylene by normal phase high performance liquid chromatography 
(HPLC) following hot decalin extraction (1-3). Decalih extraction 

can be performed in about an hour and can be used for many types 
of additives as long as the additives possess good chromophores 
(3). The present work describes methods based on Soxhlet extrac­
tions with chloroform which can be used for determining several 
additives which are not amenabl e to the decal in extraction/HPLC 

method. 
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MATERIALS AND METHODS 

Instrumentation The liquicl chromatograph used in this study was a 

Waters Model 204 1 i qui d chromatograph equi pped with a model 6000A 

pump. The injectors were a Valco 6000 psi injector or a Micromer­

itics Model 725 AutoinjectGr, both equipped with 50~L sample 

loops. Elution was monitored with a Waters Moclel 450 variable 

wavelength ultraviolet absorption detector or a Waters Model 401 

Differential Refractometer detector, and a 10 mV strip chart 

recorder. The column used was a 3.9 0101 Ld. x 30 Col ~-Porasn 

column packed with 10 micron porous silica obtained from Waters 

Associates, Milford, Mass. 

The grinder was a Wiley mill with 10 mesh screen, cooled with 

liquid nitrogen. The Soxhlet extractor used had a 500 mL capacity 

sol vent fl ask. Ground sampl e was extracted from 45 mOl x 123 mOl 

cellulose thimbles obtained from Fisher Scientific. 

Reagents Reagent grade chloroform, 1,2-dichloroethane, and abso­

lute ethanol for use as HPLC solvents were filtered through Milli­

pore type FH 0.5 micron filters prior to use. Anmoniurn hydroxide 

(27% aq) was obtained from Mallinkrodt and used as received. The 

extraction solvent was reagent grade chloroform and was used with­

out pretreatment. Armostat 310 and Armostat 410 were obtained 

from Armak, Chicago, IL .. ; Atmul 84 was from ICI America, Inc., 

Wilmington, Del.; DUDP and DSTDP were obtained from American 

Cyanamid Co., Bound Brook, N. J. 

Procedure Portions of 50 g samples of polymer were weighed accur­

ately after grinding to 10 mesh, and placed in Soxhlet thimbles. 

To prevent the samples from floating in the extraction solvent, 

the cutout tip of an extraction thimble and a 1 cm layer of 3 mm 

glass beads were placed above each sample. A 250 mL portion of 

extraction solvent was poured into each of the boiling flasks. 

After 2 hours extraction time, the extract solutions were trans­

ferred to 400 mL beakers and evaporated to about 10 mL on a 

steam bath. The solutions were transferred quantitatively to 25 

mL volumetric flasks and diluted to volume with chloroform. The 
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TABLE I 
Chromatographic Conditions UsecrTorthe Separation of Additives on 
)J-Porasi 1. 

RETENTION 
ADDITI VE MOBILE PHASE VOLUME mL DETECTOR 

~,-"------ ----------"--" "-"-

flrmostat 310 Chloroform:Ethanol: 5.6 Refractive Index 
Ammon i a (80: 20: O. 1) 

Armostat 410 Chloroform:Ethanol: 5.6 Refractive Index 
Anmonia (80:20:0.1) 

Atmul 84 Chloroform:Ethanol: 6.3 Refractive Index 
Ammonia (95:5:0.05) 

DLTDP 1,2-Dichloroethane 7.9 UV, 230 nm 
DSTDP 1,2-Dichloroethane 6.3 UV, 230 nm 

solutions were allowed to sit for several minutes until any small 

pol~ner particles present floated to the top, leaving a clear 
solution near the bottom of the flask. Using a Pasteur pipet, 1-

5 mL portions of the clear bottom solutions were transferred to 
20 mL scintillation vials, from which the HPLC injections were 

In ade. 
The HPLC conditions used for the determination of the addi­

tive are listed in Table 1. Duplicate injections of each standard 
and sample solutions were made. Peak heights were measured to the 

nearest 0.5 mOl, and in cases where the peak widths for sample 
extracts were not uniform, area measurements were made by measur­
ing also the peak widths at half the peak heights to the nearest 
0.1 mm using a peak magnifier. The amount of each additive was 
determined from each sample injection by comparing peak heights or 
areas for samp 1 e and st and ard. 

RESULTS AND DISCUSSION 

A requir~lent for the determination of additives by the 
decalin extraction/HPLC method (1-3) is that the additives possess 
a strong chromophore above 230 nm, in the region where a mobile 
phase solvent such as dichloromethane does not absorb ultraviolet 
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radiation strongly. Typically levels of such additives in decalin 

following extraction range from about 0.02-0.2 mg/mL. This is 

about t\'JO orders of magnitude too dilute for HP1_C dete)'mination 

following decalin extraction of the five common additives which 

are the subject of this work. These are Atmul 84 (mono-and 

diglycerides), DLTDP (dilaurylthiodipropionate), DSTDP (distearyl­

thiodipropionate), Armostat 310 (ethoxylated tallow amine), and 

Armostat 410 (ethoxyl ated coconut oil amine). Concentrations of 

these additives should be 1-10 mg/mL or greater. To obtain 

extracts with these concentration levels, an extraction procedure 

with a volatile solvent is required. Several such procedures have 

been described (4-6). Reported extraction times were as long as 

48 hours (4). 

In the present ViOrk, to determi ne the mi n imum amount of time 

required to extract the additives of interest from ground polyole­

fin matrices, Soxhlet extractions were performed with chloroform 

for time intervals ranging from 1-8 hours. The levels of addi­

tives were determined by HPLC following a 1:10 concentration of 

the extract solution. The amounts of additives extracted are 

listed in Table II. It is apparent from Table II that the e;<trac·-

tions are almost complete following 1 hour and no significant 

additional amount of additives are extracted after 2 hours extrac­

tion time. All subsequent analyses were performed using 2 hour 

exLraction times. 

Response Linearity of response with peak height was established 

for injected amounts for up to 465 \1g Armostat 310, 510 \1g 

flrrnostaL 410, 500 \1g ALmul 84, 241 11g OLTDP, and 465 \1g OSTDP. 

Some nonlinear response with peak height and area was observed 

betl'Jeen 241 I1g and 482 \1g OLTDP injected. This serves to illus­

trate that the region of linear of response should be established 

for the particular liquid chromatograph and detector used for this 

type of analysis. 

Accur To ensure that the additives I'lere being extracted in a 

quantitative manner studies were performed with polymers prepared 
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TABLE II 
weight Percent Additives D-e1ermmed in 50 g Po"lymer Samples 
at Various Extraction Times 

ADDITIVE 

flrmostat 310 

Armostat 410 

Atmul 84 

DLTDP 

DSTDP 

POLYMER 

PE 

PP 

PP 

PE 

PP 

TIME OF EXTRACTION, 
HOURS 

1 
2 
4 
8 
1 
2 
4 
8 
1 
2 
4 
8 
1 
2 
4 
8 
1 
2 
4 
8 

WT % 

0.12 
0.14 
0.15 
0.16 
0.19 
0.18 
0.19 
0.18 
0.28 
0.30 
0.28 
0.31 
0.025 
0.029 
0.020 
0.030 
0.26 
0.26 
0.24 
0.24 

with known amounts of additives. The results of this study are 

listed in Table III. The data in Table III indicate good 

recoveries for the additives. 
Precision The pooled standard deviations for the additive deter­

mination were calculated and are listed in Table IV. These data 

indicate good precision for the Soxhlet extraction/HPLC method. 

Limits of Detection Limits of detection for the method as written 

were calculated asswling 2 mm peak heights for both the RI detec­
tor set at 16X sensitivity and the UV detector set at 0.2 Absor­

bance. This represents a S/N level of about tviO. The limits of 

detection, expressed as wt. % in original samples were 0.002% 

Armostat 310, 0.004% Armostat 410, 0.02% Atmul 84, 0.003% DLTDP, 

and 0.007% DSTDP. 



127!; SCHABRON 

TABLE I I I 

Results of Studies on fJo lymcr Samples \'Ii ttl Kno\'ln Amounts of 
Additives. 

SAMPLE ADDITIVE SPECIFIED WT. % DETERMINED LH. ._--- -.--
PE ARfvlOSTAT 310 0.10 0.068 

0.10 0.072 
0.20 0.14 
0.20 0.15 
0.40 0.31 
0.40 0.32 
0.60 0.48 
0.60 0.47 

PP ARlvlOSTAT 410 0.05 0.034 
0.05 0.034 
0.10 0.083 
0.10 0.085 
0.20 0.18 
0.20 0.18 
0.40 0.39 
0.40 0.38 

PP ATMUL 84 0.10 0.068 
0.10 0.068 
0.20 0.18 
0.20 0.17 
0.40 0.43 
0.40 0.42 
0.80 0.76 
0.80 0.75 

PE DLTDP 0.01 0.018 
0.01 0.014 
0.03 0.029 
0.03 0.026 
0.10 0.052 
0.10 0.046 
0.20 0.12 
0.20 0.11 

pp DSTDP 0.05 0.070 
0.05 0.052 
0.10 0.092 
0.10 0.088 
0.20 0.26 
0.20 0.24 
0.40 0.42 
0.40 0.45 
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ADDITIVE 

ARMOSTAT 310 
ARMOSTAT 410 
ATMUL 84 
OLTDP 
DSTDP 

TAGLE IV 

Precision Data for the Additives 

POOLED STANDARD 
DEVIATIONa 

0.0089 
0.0050 
0.0055 
0.0063 
0.020 

a. Calculated from the data in Table III. 
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RANGE OF VALUES, 
WT. % 

0.068-0.48 
0.034-0.39 
0.068-0.76 
0.014-0.12 
0.052-0.45 

Interferences Usually more than one additive is used in a poly­

olefin formulation. Thus, in determining an additive, it is 

important to check possible interferences with other additives 

which could be present in the polymer. Studies indicated that BHT 

and Irganox 1010 do not interfere with the determination of Armo­

stats 310 and 410. However, a peak due to a minor component in 

the additive Weston 618 might be an interference if this additive 

is present. A small component in Weston 618 also might interfere 

in the determination of Atmul 84. However, the additives DSTDP, 

OLTOP, BHT, and Ethyl 330 do not interfere in the determination of 

Atmul 84. In the determination of DLTDP and DSTOP, some potential 

inLerference was encounLered wiLh Topanol CA and Irganox 1010, 

however, the interference from the latter additive was slight. 

The additives CGL-144, Kemamide E, Irganox 1076, TNPP, and BHT do 

not interfere with the determination of OLfDP or OSTOP. In gen­

eral, interference studies should be done with any other known 

additives present. 

CONCLUSION 

The procedure described in this work should be amenable to 

several types of additives which do not possess good chromophores 

for sensitive detection in dilute solution. The 2 hour Soxhlet 
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extraction conceivably could be coupled with other specifically 

designed normal phase HPLC systems, or nonaqueous reversed-phase 

systems as w(?ll. 
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Hamilton, Ontario, Canada L8S 4L7 

ABSTRACT 

Herein is reported an experimental investigation of the 
molecular weight characteri zation of nonionic polyacrylamides by 
aqueous SEC with a DRI/LALLSP detector system. Methodology for 
the use of the DRI/LALLSP detector responses to determine the 
molecular w~ight calibration curve and the peak broadening 
parameter. a (variance of a Gaussian instrumental spreading 
function) over a wide molecular weight range has been developed. 
The method is based on the use of a broad MWD standard made by 
blending Polysciences broad MWD standards and a generalized 
analytical solution of Tung's integral equation for the detector 
response corrected for peak broadening. Molecular weight averages 
measured by SEC/DRI/LALLSP are in excellent agreement with those 
meClsurerl offl tne by L,1\LLSP. 

INTRODUCTION 

'The use of SEC with a LALLSP-based detector system for 

molecular weight characteri zation of organic and water-sol uble 

polymers is a recent event. 1,2,3 In fact. methodology for the 
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interpretation of the detector responses is still in the 

development stage and to date, quantitative methods for the 

estimation of the molecular weight calibration curve and 0 2 across 

the chrollHltogram have been publ ished for one polymer, dextran 0

3 A 

strong interest in the molecular weight characterization of 

po1yacry1amides has recently developed, largely due to the great 

potential shown by these pol ymers for enhanced oil recovery via 

polymer flooding. In fact, the molecular weight distribution of 

the pol ymer must be tailored for each reservoir. This, in part, 

has motivated the present investigation. Polyacry1amides are a 

good choice for other reasons, the most important of which is the 

lack of well-characterized standards, whether of narrow or broad 

MWD. In addition, a suitable packing/mobile phase system has been 

developed for nonionic pol yacry1amides. 4 

THEORY 

Tung's integral equation is the starting point for all 

rigorous methods of correction for peak broadening. For the case 

of a Gaussian instrumental spreading function, the integral 

equation takes the form 

F C v) = f WCy) expC-Cv-y)2/202 Cv))dy 

I 21T 02C v) 0 

C 1 ) 
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The use of er( v) rather than er( y) is an approx imation which should 

be val id when the variation of er with retention vol ume or 

molecular size in solutions is not excessive. 

averages in the detector cell are given by 

1\(v,uc) 

M(v) 

where 

= 

Molecular weight 

(2 ) 

MK(v,uc) is the Kth molecular weight average of the contents 

of the detector cell at retention volume v. 

M(v) is the molecular weight calibration curve and D
2

(v) is 

the slope of the molecular weight calibration curve which is given 

by 

If it is further assumed that the size distribution of polymer 

solute in the detector cell is Gaussian, it follows that 

W(v,y) = F (v) -- 2-2 exp(-(y-y(v)) /2er (v)) (4 ) 

The detector response corrected for peak broadening is then given 

(5 ) 
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y( v) (6 ) 

2 
a (v) + (7) 

Equation (5) may be applied to either the DRI or the LALLSP 

detector response. Whole polymer molecular weight averages 

corrected for peak broadening are given by 

rl-1 (v)dv/ -K-2 
MK(c) = f W( v) f W(v) M (v)dv ( 8a) 

0 0 

MK(C) F(v) ,.K-1 
F(v) ,.K-2 

= f MK (v,uc)dv/ f MK (v. uc)dv (8b) 
0 0 

The above equations are employed to develop quantitative method s 

for determining the molecular weight calibration curve and a( v) 

across the chromatogram. 

EXPERIMENTAL 

Instrumentation and operational details for aqueous SEC 

employed follow. 

Columns: 3/8 inch ID X 4-6.5 ft. dry packed with CPG-10 glass 

packing having pore sizes of 700, 1000 and 3000 ~ and 

particle size, 200/400 mesh. 
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Mobile phase: 0.20 M Na
2

S0 4 with 1 g/25 1 Tergitol NPX (Union 

Carbide Corp.) in deionized distilled water. 

Mobile phase flowrate: ml/min. 

Detectors: Waters R-401 DRI and Chromatix KMX-6 with angle 6_7 0 

and field stop 0.15. 

Inline filter: 0.45 micron Mil1ipore. 

Sample loop: 2.0 ml with 0.01-0.1 wt.% polymer solute. 

Temperature: ambient. 

Polymer standards: nonionic polyacrylamide standards from 

dn/dc: 

Polysciences (Warrington, PA) and blends of 

these standards. 

was measured with a Chromatix KMX-16 laser differential 

refractometer at A = 632.8 nm and 23
0

C for nonionic 

polyacrylamide standards in 0.02 M Na
2

S0 4 with 1 g/25 I 

Tergitol NPX. Values measured were 0.176 (PAM500), 0.168 

(PAM1000) and 0.174 (PAM2000). 

A2: the second virial coefficient, A
2

, was not used to determine 

MW( v,uc) as the error involved was neglible at the polymer 

solute concentrations employed. 3 

RESULTS AND DISCUSSION 

Molecular weight calibration curves for single columns 

containing one pore si ze are shown in Fig. 1. These cal ibration 
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SEC / DRI / LALLSP 

• POL YSCIENCES sroS. 

---STANDARD Y 
(EQU.(IO» 

----STANDARD -Y 

(BASED ON DRI AND LALLASP 

CHROMATOGRAMS CORRECTED) 

o 3000 AO (6.5' ) 
o 1000 AO (4' ) 
l:::,. 700 AO (4' ) 

__ .LI ___ -L __ _ 
25 30 35 40 

115 130 145 190 
RETENTION 

FIGURE 1: Molecular weight calibration curves for single colunns 
and a col umn combination obtained by different 
procedures. 
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curves are approx1mate as they were obtained using Polysciences 

broad MWD nonionic polyacrylamide standard sand plotti.ng log IiilH 

versus peak retention vol Lrne. MN values for these standards are 

not availob1e from the Supplier. These approx imate col ibration 

curves are useful in establishing an effective colLrnn combination 

which gives good peak separation over a wide range of retention 

vol unes. It will be later shown that a column set contain1ng 1-4 

ft. col urnn with 700 ~ pores. 1-4 ft. col umn with 1 000 ~ pores and 

1-6.5 ft. column with 3000 'i\ pores gives a molecular weight 

calibration curve with excellent peak separation and which is 

almost linear over a wide molecular weight range. 

6 Typical DRIILALLSP detector responses for PAM2000 (a 2x10 MW 

Polysciences standard) are shown in Fig. 2. The LALLS P response 

is very noisy and this is a direct result of the use of a 0. 115 llm 

fil ter i nl1ne • In a previous study with dextrans, a 0.22 llm 

filter was used and a far less noisy LALLSP response was 

obtained. 3 To prevent the capture of 1ar'ge polyacrylamide 

molecules on the inline filter. larger pores are required. The 

noi.se level of the LALLSP response \1aS reduced by continually 

flowing mobile phase at a flowrate of O."J ml/min through the 

col umns for long period s of several days to a week before 

inj ecting polymer sol ute. The flowrate is increased to "J. 0 ml/min 

and run for 4 to 6 hours before injection. An acceptable noise 

level for the LALLS P detector could not be obtained wi th a 0.65 )lm 

inU.ne filter. 



1284 KIM, HAMIELEC, AND BENEDEK 

DRI 

~I I I I I I I 100 ·~I~10~----12LO------13LO-----1-4LO----~15LO-----1~6-0-----1~7-0----~180 

RETENTION VOLUME (m I) 

FIGURE 2: DR IlL II. LLSP detector responses for PAI12000 (a 
Pol~sciences no~onic polyacrylamide standard with 
nom lnal t:\1 = 2x10 ). 
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A calculational proced ure for find ing M( v) and u( v) over a 

wtde range of molecular weights and retention volunes has been 

reported. 3 This procedure was used here with a blend of 

Polysciences standards obtained by mixing PAM2000 (42 wt .%), and 

PAM500 (58 wt .%). The DRI/LALLSP detector responses are shown in 

Fig. 3. The molecular weight calibration curve, M(v) was obtained 

by setting f:\/v,uc) = M(v) near the peak position of the 

individual Polysciences standards and this calibration curve is 

shown in Fig. 1. This calibration curve and the DRIILALLSP 

detector responses in Fig. 3 were employed with eqn. (2) to 

F(v) 
6.0~--~-----,----~----.----.-----,----.-----,----.----, 

OJ 
I o 
x 3.0 

ct> 
(!) 2.0 

2: 

0.0
90 110 130 150 

RETENTION VOLUME (m I) 

12.0 

2: 
40 b 

FIGURE 3: DRI/LALLSP detector responses and peak broadening 
parameter (u(v» for a blend of Polysciences standards 
(PAM2000 (42 wt.%) and PAM500 (58 wt.%» designed for 
u(v) determination. 
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estimate o(v) over' the retention vo1LITle range of the blend. A 

si.ngle,variable search Has used to find o( v) and these results are 

also shoHn in Fig. 3. There is considerable scatter in the a( v) 

values due to the noisy LALLSP signal; however, the variation of 

a( v) with retention vol ume seems to follow the usual broad bell 

shape with a relatively small variation with retention volume. A 

very broad standard, STANDARD-Y, was made by blending PAM200 (13 

DRI 

LALLSP 

I I I I 
100 110 120 130 140 150 160 170 180 190 

RETENTION VOLUME (m I) 

FIGURE 4: DRI/LALLS P detector responses for STANDARD-Y. a blend 
of Polysciences standard s (PAM2000 (13 wt. %). PAM500 
(65 wt.%), PA.M74 (22 wt.%)) designed for molecular 
weight calibration curve determination. 
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wt.%), PAM500 (65 wt.%) and PAM7!1 (22 wt.%) and was desi.gned to 

permi.t the determination of M( v) over a wide range of molecular 

weights with the DRI/LALLSP detector system. With this standard, 

it is possible to set M(v) - HW(v,uc) over a wide range of 

molecular weights and thus find M(v) without the need to correct 

for peak broadening. The DRI/LALLSP detector response for 

STANDARD-Yare shown in Fig. 4. To investigate the error involved 

in M( v) when employing STANDARD-Y and neglecting the peak 

broadening corrections, a procedure with corrections for peak 

broadening was used. In particular, the sensitivity of the 

calculated M(v) to a(v) was investigated. Details of this 

calculational procedure follow. 

It is assumed that in a narrow range of retention volumes 

(V i -Vi + 1 ), the calibration curve is linear. Eqn. (2) may then be 

written as 

Given a(v), eqn. (9) is used to solve for D
2

(v) and then eqn. (2) 

is used to find M( v). The results of thi s computational procedure 
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TABLE 1 

Determination of the Molecular Weight Calibration Curve 
M(v) Using STANDARD-Y _. Sensitivity of M(v) to a(v) 

Retention 
vol ume 

(m!) 

118.75 

123.75 

128.75 

133.75 

138.75 

143.75 

148.75 

153.75 

158.75 

163.75 

168.75 

173.75 

178.75 

183.75 

a(v) 

actual 

0.734 

0.876 

1.006 

1.065 

1.078 

1.069 

1.065 

1.052 

1 .0116 

1.056 

1.052 

1.078 

1.100 

1.113 

0.5 a(v) 

0.955 

0.798 

1.003 

1.014 

1.018 

1. 017 

1.016 

1.014 

1.012 

1. 014 

1 .013 

1.019 

1.023 

1.027 

MW(V,uc)/M(V) 

0.8 a(v) 
(mU 

0.974 

0.933 

1.004 

1.036 

1.048 

1.044 

1.041 

1.033 

1.030 

1.036 

1.034 

1.050 

1.062 

1.070 

1.2 a(v)* 

1.118 

1 .125 

1.100 

1.095 

1.073 

1.065 

1.078 

1.074 

1 .11 5 

1 . 141 

1.166 

1.5 a(v)* 

1.153 

1.118 

1.096 

1 .11 8 

1 . 115 

1.183 

1. 23 

1.26 

* Calculation at low retention volumes were not possible because 
of excessively large a(V). 
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using a(v) values shoHn in Fi.g. 3 arc summarized as the molecular 

wei.ght cali.bration given by eqn. C'I 0) . 

1his calibration curve is also shown in Fig. 1. 1he calculational 

procedure was repeated using a(v) values smaller and larger than 

those shown in Fig. 3 to illustrate the sensitivity of the 

calculated M( v) to a( v). These results are tabulated in Table 1. 

It is clear that STANDARD-Y can be used to determine M(v) wi.th 

small error when peak broadening corrections are neglected. This 

is true for the retention volume range; 128-183 or molecular 

4 6 weight range, 5x10 - 2x10. Similarly, very broad MWD standards 

covering higher molecular weights could be made by blending in 

higher molecular weight polyacrylamides when available. 

DRI detector response (raw and corrected for peak broadening) 

for Polysciences standards PAM2000, PAM1000 and PAM500 are shown 

in Fig. 5. COl"Tect.lons al'e largest. at. t.he high molee ular' weight. 

end of the chromatograms as expected. Corrections for peak 

broadening were made using eqns. (5,6,7) and t.he u(v) values in 

1"i g. 3. Detector responses (raw and corrected for peak 

broadening) for STANDARD-Y obtained using the DRI/LALLS P detector 

system are shown in Fig. 6. Again, eqns. (5,6,7) and a(v) values 

shown in Fig. 3 were used to determi.ne W( v). The corrected 

responses (W(v) chromatograms) were then used to calculate 

directly the molecular weight calibration curve. It is now 
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12.0,-----.----,.-----,-----,-----,-----,------,----,.-----,----. 

10.0 

8.0 

6.0 

4.0 

2.0 

0.0
90 

F (v) 

w(v) 

130 150 
RETENTION VOLUME (rn I) 

190 

FIGURE 5: DRI detector responses for Polysciences standards (raw 
(F(v)) and corrected for peak broadening (W(v)) using 
an analytical solution of Tung's integral equation). 

correct to set M( v) = fVlw( v) at all retention volll1les across the 

detector responses. The M(v) thus obtained is also shown in Fig. 

1. The agreement among the molec ular weight cal ibration curves 

obtained by three different methods is good. In Fig. 7 are shown 

the y( v) and (i2 (v) val ues obtained for the STANDARD-Y from the DR I 

response and also from the LALLS P response. The agreement among 

these values obtained from responses of very different shape is 

gratifying and suggests that both responses be used to obtain 

reliable estimates of y( v) and (i2(v) over the full molecular 

weight range of the sample. 
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DRI 

~ 

I 0 200 

LALLSP 

120 160 200 
RETENTION VOLUME (m I ) 

FIGURE 6: DRI/LALLS P detector responses for STANDARD-Y (raw and 
corrected for peak broadening). 
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48.0 210 

40.0 190 

32.0 170 

E. 24 .0 

E 
150 ~ 

'" ~ 
Ib 

16.0 • 130 

110 

RETENTION 

FIGURE 7: P~~k broaden~ng parameters for detector cell contents 
(0 (v) and y( v» obtained for both DRI and LALLSP 
detector responses. 

TABLE 2 

Whole Polymer MN(c) and Mw(c) Values by SEC and Mw by LALLSP 
Offline 

l\ MN(C) l\(c) MN(C) \(c) 

Sampl e (LALLSP) (SEC/DRI/LALLSP)* (SEC/DRI)** 

x10-3 x10-3 x10-3 

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

PAM2000 2,180 1 , 198 2200 959 1,880 

PAM1000 1,000 608 964 551 988 

PAM500 532 283 521 288 571 

* Calculated using eqn. (8b) • 

** Calculated using eqn. (8 a) • 

1>-
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Finally, whole polymer molecular weIght averages l'lN(v) and 

MW( c) (averages corrected for peak broadeni.ng) measured by SEC 

using different calculation p8ths are tabulated in Table 2. The 

agreement among MW values is within experimental error. 

SUMMARY AND RECOMMENDATIONS 

Methodology for the interpretation of DRI/LALLS P responses to 

provide the molecular weight calibration curve and peak broadening 

parameters (0
2

) over a wide range of molecular weights has been 

developed and applied successfully to the molecular weight 

characterization of nonionic polyacrylamides. 

The recommended procedure for the molecular weight 

characterization of nonionic polyacrylamides by aqueous SEC is to 

use a LALLS P based detector system to determine the molec ular 

weight calibration curve and peak broadening parameters with a 

specially blended very broad MWD standard, such as STANDARD-Y. 

The HWD and molecular weight averages for other polyacrylamide 

samples should then be measured using a mass concentration 

detector, such as DRI, with application of the analytical solution 

of Tung's integral equation to provide W(v). In other words. the 

LALLSP based detector system need only be used for calibration 

purposes. 
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ABSTRACT 

The mechanism of retention in reversed-phase high performance 
liquid chromatography is affected by both solute-eluent interac­
tions and the nature of the stationary phase. The hydrophobic ex­
pulsion of ionized solutes plays a major role in affecting solute 
behavior in the water-rich range of hydroorganic eluents. In the 
water-lean range of eluent composition, there is little hydropho­
bic expulsion, and specific interactions between the solute and 
surface can be observed. The nature of the surface affects the 
retention of a variety of ionized species, both large cations and 
anions. Octadecylsilane (ODS) bonded phases can exhibit two dif­
ferent binding sites: one exhibiting a weak interaction and the 
second a strong specific interaction with a solute. Styrenedi­
vinylbenzene polymeric surfaces exhibit the potential for weak 
dispersion interactions, and in addition pi-bonding interactions 
with a solute. A variety of solutes have been injected in a water: 
methanol eluent systenl in order to assess solute-surface effects 
on reversed-phase supports. 

INTRODUCTION 

The mechanism of retention in reversed-phase high performance 

liquid chromatography has been the subject of controversy. It has 

been variously proposed that partitioning of sample molecules oc­

curs into a "liquid" phase defined by the surface and associated 

molecules, or that sample molecules adsorb onto the surface (1). 

lfuatever the nature of the solute-stationary phase phenomena, the 
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mobile phase affects tlirc extenL of interactIon of solute I<1iLh the 

stationary phase, either by modIfying the surface (2-7) or by in­

teracting directly with the solute in the mobile phase. 

Solute-nwbile phase interactIons can be formuIated in terms 

of the total energy of interaction of a solute molecule I<1ith the 

moiecules of solvent in the mobile phase. The total energy re­

flects the sum of all possible interactions which include disper­

sion interactions and specific interactions (electrostatic dipole 

interactions, electron donor-acceptor interactions and bond for­

mation) (8). These solute-solvent interactions promote the affinity 

of the solute for the mobile phase. Countervailing the attractive 

interactions is the solvophobic affect (9,10) or hydrophobic ef­

fect when water is the solvent. \vater exhibits the strongest 

manifestation of this solvophobic effect, and so hydrophobic ef­

fects predominate in the binary eluent systems commonly employed 

in reversed-phase HPLC; namely hydroorganic mixtures of water and 

methanol, or water and acetonitrile. The hydrophobic expulsion is 

generally attenuated by increasing the concentration of organic 

modifier. Eventually at high levels of added modifier, e.g. (80: 

20) methanol:H
2

0 for the alkylsulfonates (11), a water-lean eluent 

composition is attained and hydrophobic effects are attenuated. 

The capacity factor, k is then independent of the number of methy­

lenes in the alkyl chain (11). The eluent composition at which 

solvophobic effects are attenuated is dependent on the nature of 

the solute, but in general solvophobic effects are negligible at 

90% methanol in the mobile phase. 

In addition to solute-mobile phase interactions, solute­

stationary phase interactions can playa major role in determining 

the extent of retention of a solute in reversed-phase chromato­

graphy. Solvent-surface interactions have been observed on the 

surface of C
18 

columns (2-7). Solute-surface interactions are 

similar. The interactions may be due to the solute adhering to 

the C
18 

group bonded to the silica support (10). In this case, 

one can envision a competitive effect in which organic solvent 
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molecules solvating the n-alkyl bonded chains in the stationary 

phase are displaced by solutes of greater hydrophobicity (6). 

Alternatively, the solute can interact with adsorbed organic mod­

ifier (3,6). Finally, the nonaqueous modifier in the mobile phase 

may be extracted into the bonded phase, and solutes can then par­

tition bet'veen the mobile phase and the modified bonded phase (2). 

Apart from the solute-hydrocarbonaceous phase interactions, silan­

ophilic interactions (12-14) can be operative causing tailing of 

chromatographic peaks and the enhancement of retention of "non­

retained" species at extremely low levels of water. Obviously the 

nature of solute-stationary phase phenomena in reversed-phase 

chromatography is complex and subject to controversy. 

In order to diminish the hydrophobic effects of the mobile 

phase in reversed-phase chromatography, experiments were performed 

using a water-lean eluent system, (90:10) methanol:H
2
0. Solvo­

phobic expulsion of most species is negligible at this eluent com­

position, so that the driving force for retention will not be the 

effect of solvent in forcing the solute to the hydrocarbonaceous 

surface, but rather potential favorable interactions of the solute 

with the stationary phase. In this way solute-stationary phase 

interactions can be evaluated without having hydrophobic inter­

actions override the other operative interactions. 

In order to assess the role of the stationary phase, two 

dtsti.nct st.at-i on8ry ph8ses ,verR RV8l11rtterl: 

bonded support and (2) a styrenedivinylbenzene co-polymer adsor­

bent. The phases differ significantly in their surface character-

istics~ 

Finally, quaternary ammonium salts and organic acids were 

used as solute ions. These species are most affected by the na­

ture of the support since they can adsorb onto a surface (15). It 

is assumed that sample molecules adsorb onto the surface rather 

than partition into a liquid phase. An electrical double-layer 

model can then be used to describe the retention behavior of ion­

ized solutes in reversed-phase HPLC. Ions which have no primary 
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solvatIon layer or are able to lose it on the side facing the ad­

sorbent surface can displace some of the adsorbed solvent molecules 

and contact the surface. This contact adsorption is largely gov­

erned by the properties of the given ion. An array of contact ad­

sorbed solvent molecules and solute ions is known as an inner 

layer, and the loci of the centers of the contact-adsorbed ions 

defines the inner Helmholtz plane (IHP). Solvated ions which can­

not contact adsorb approach the surface up to a distance known as 

the outer Helmholtz plane (OHP). These ions are non-specifically 

adsorbed since the electrostatic interactions are essentially in­

dependent of the chemical properties of the ions. Counter ions 

associated with the contact-adsorbed ions are found in the diffuse 

layer outside the OHP. This model is derived from the Stern-Gouy­

Chapman theory of the electrical double layer, and has been used 

for describing the adsorption of aromatic ammonium compounds on 

Amberlite XAD-2 (16). A similar model was invoked by Bidlingmeyer 

et.al. (10) and R. S. Deelder and J. H. M. Van Der Berg (17). 

EXPERIMENTAL 

The chromatographic system employed in the retention studies 

of the anions on the octadecylsilane bonded phase consisted of a 

Waters system including an M6000 pump, a U6K injector, a Model LI50 

variable wavelength detector, a 720 system controller, and a 730 

daLa module. 

The chromatographic system used in all the remaining studies 

was a Tracor, Model 985 solvent delivery system (Tracor Instru­

ments, Austin, TX, U.S.A.) with a model 1125 automatic syringe 

loading sample injectol- (Rheodyne, Berkeley, CA, U.S.A.) with a 

20 llL sampling loop, a model 970A variable wavelength detector 

(Tracor), a model 951 IIPLC pump (Tracor), and a model 3390A re­

porting integrator (He,vlett-Packard, Avondale, PA, U.S.A.). The 

octadecylsilica bonded column was a Partisil 5-0DS (Whatman, Inc., 

Clifton, NJ, U.S.A.), while the styrenedivinylbenzene copolymer 

column was a PRP-l (Hamilton Company, Reno, NV, U.S.A.). 
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Hethanol (HCB Hanufacturing, Cincinnati, OR, U.S.A.) was dis­

tilled, then aspirated through 0.50 UH Hillipore filters. Filters 

loJere pnrchased from Rainin, Hoburn, MA. Hater was cUstLlled and 

then aspirated through 0.50 UH cellulose acetate filters. The 

mobile phases were degassed using helium prior to use. The mobile 

phase flow rate was maintained at 1.00 mL/min. 

Tetraalkylammonium salts, including tetramethylammonium 

bromide, THAB, tetraethylammonium bromide, TEAB, tetrabutylammonium 

bromide, TBAB, tetraheptylammonium bromide, THAB, and hexadecyl­

trimethylammonium bromide (cetrimide), CTAB, were all purchased 

from Eastman, Rochester, NY. 

Acids and salts used in this study include: 2-naphthalene­

sulfonic acid, sodium salt (NAS) and picric acid (PA) purchased 

from Eastman; toluenesulfonic acid (TS), sodium nitrate (NaN0
3

) 

and potassium nitrate (KN0
3

) purchased from Fisher, Fair Lawn, NJ; 

dichloroacetic acid (DCA) purchased from Aldrich. 

All solutes were prepared as concentrated solutions and then 

diluted to the desired mobile phase composition. All smnples were 

dissolved in the mobile phase. The retention volume of 10-4H 
-4 NaN0

3 
or 10 H toluenesulfonic acid was used as a measure of the 

dead volume in all systems. 

RESULTS AND DISCUSSION 

Retention Anions on ODS ---

A variety of completely dissociated aromatic acids and sodium 

sa]ts have been injected into a (25:75) methanol:H
2

0 eluent system. 

In unbuffered systems, as the nanomoles of solute increase, there 

is an increase in the capacity factor k of the solute. See 
e 

Figure l. The capacity factor k is equal to VR-VO / Vo where V
R e 

is the eluting volume and Vo is the void volume in the presence of 

pore exclusion phenomena (18) • The terminology is analogous to 

that used in exclusion chromatography. V
H

, the void volume in 

general liquid chromatography is the sum of two factors, VH = Ve + 

¢V
i 

where Ve is the interparticle void volume and ¢Vi is the intra-
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particle fluid volume explored by the solute. In the extreme case 

,.,hen ¢ = 0, the solute does not penetrate the pores and the void 

volume, V
H 

is equal to the interparticle void volume, Ve' Hhen 

¢ = 1, the solute penetrates all the pores and the void volume 

equals the sum of the interparticle and intraparticle void volumes. 

The value of ¢ should be constant in order to evaluate the capacity 

factor k which equals (V
R 

- V
H

) / V
M

' Using ionized solutes in un­

buffered systems, the pore-penetrating ability of the solute varies 

with the ionic strength or amount of solute. The value of ¢ 

changes, thus changing the value of V
M

. Since V
M 

is not constant 

the capacity factor k is difficult to evaluate. It is inappropri­

ate therefore to correlate an increase in k with an increase in 

the chromatographic retention of ionized solutes in unbuffered sys­

tems. For this reason, we have defined the expression, (V
R 

- Va) / 

Vo as the capacity factor k
e

. Berendsen et.a. have considered the 

value of Vo to equal V
R 

(19); however, it would be difficult to 

prove that at low concentrations of electrolyte «lO-3M) there is 

no pore penetration at all (¢ = 0). 

The effects in Figure 1 have been observed with ionized 

solutes on CIS columns (19,20), and have been explained in terms 

of a Donnan exclusion phenomena. On the basis of studies with 

reversed-phase supports, a salt is excluded from the pores of a 

packing at low electrolyte concentrations, presumably because of 

electrical charges on the phase support (19). Silica gel is known 

to have a negatively-charged surface at pH values above 2 because 

of the ionization of silanols (21). Alternatively, the adsorption 

of the first few molecules on the surface may impede any addition·­

al adsorption, and the existanee of a pre-charged surface is not 

necessary in order for a Donnan expUlsion phenomenon to be ob­

served. This Donnan exclusion effect can be eliminated by adding 

a supporting electrolyte. 

Counteracting the surface charge expulsion, the hydrophobic 

effect forces the solute to the surface. The expulsion of the 

anions from the eluent is based on molecular size such that the 
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2 ODS - column PA 

NAS 

TS 

nmoles 

Figure 1. Retention versus Amount Injected for a Series of Anions. 
Mobile phase (25:75) methanol:water. Column: Whatman ODS-5. 
Samples: PA = picric acid; NAS = naphthalene sulfonic acid; TS = 
toluenesulfonic acid; DCA = dichloroacetic acid; NaN03' Detection 
wavelengths: PA = 350 nm, NAS = 228 nm, TS = 203 nm, DCA = 203 nm, 
N0

3 
= 203 nm. 

retention volume increases with number of carbon atoms (9). For 

the following ionized species: DCA, TS, NAS and PA, the capacity 

factor ke increases with the increasing size of the anion. See 

Figure 1. 

As the organic modifier concentration increases, ke diminishes 

and approaches that of the "unretained" NaN0
3 

at a given concentra­

tion of solute. Eventually any hydrophobic effects are attenuated 

and the molecular size does not affect the retention. There is no 

hydrophobic expulsion ~.,hich differentiates the anions from each 

other, so that the concentration effects are identical. Figure 2 

shows the similarity between the elution behavior of picric acid 

and potassium nitrate. This behavior is observed for all the com­

pletely dissociated aromatic acids and salts investigated at (90: 

10) methanol:H
2
0. 

In order to substantiate that the variation in sorption of 

solute is indeed due to an electrostatic expulsion of the eluite 
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ODS column 
.2 

ke 

.1 

O~~~-L------------~~---------U 
1 nmoles 10 50 

Figure 2. Retention versus Amount Injected. Mobile phase: 
(90:10) methanol:water. Column: Whatman ODS-S. Samples: PA 
picric acid; KN0

3
. Detection wavelengths same as Figure 1. 

from the surface, NaN0
3 

was added to the mobile phase. With in­

creased electrolyte concentration in the mobile phase, the ion ex­

clusion effect should be diminished, and the pores should then be­

come accessible to the solute (19). Haintaining the solute con­

centration constant, as the concentration of electrolyte in the 

mobile phase increases, the retention of picric acid also in­

creases. The enhancement of retention on addition of electrolyte 

to the mobile phase mimicks that of the behavior observed on 

varying the amount of solute injected in the absence of electro­

lyte. "It is immaterial whether the enhanced ionic strength of 

the mobile phase results from the injected salt itself or from 

an electrolyte added to the mobile phase" (19). This would seem 

to further support Donnan exclusion as the basis for the minimal 

retention of solutes at low ionic strength. A simple "salting out" 

effect cannot be invoked to explain the enhancement of retention 

of solutes at high ionic strength because this effect would not be 

paramount at ionic strengths below 0.1 M. (9). 
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~etention ~ Cations on ODS 

Octadecylsilica bonded phases exhibi.t ion exchange properties 

due to the acidity of the silanols Oll the surface (21). Calions 

can exchange with the protons bound to residual silanol groups (21) 

and thus the nature of the support can be modified by adding elec­

trolyte. Presumably, the surface will have a heterogeneous mixture 

of SiO-H+ and SiO-M+ (M+ is the cation), with the exact surface 

concentrations determined by the concentration of electrolyte in 

the eluent. This cation exchange behavior has implications for the 

mechanism of retention of quaternary ammonium salts. These species 

have the possibility for interacting with the surface at two dis­

tinct binding sites. The lipophilic quaternary ammonium ion can 

be adsorbed onto the nonpolar surface (22). Alternatively, the 

quaternary ammonium ions might exchange against protons and any ca­

tions contributed by added electrolyte. These two distinct binding 

mechanisms were postulated by van der Houwen et.al. (23). Further­

more, the work of Melin et.al. (24) and Eksborg and Ekquist (25) 

supports the idea of two binding sites in alkyl-silica bonded phases. 

In order to assess the mechanism of retention of cations on 

octadecylsilica bonded phases, a series of quaternary ammonium ions 

were injected into a water-lean eluent system (90:10) methanol:H
2
0. 

For the small quaternary ammonium salts, TMAB and TEAB, there is a 

small increase in the retention with amount injected. See Figure 3. 

This can be explained in terms of Donnan expulsion. The two species 

are not differentiated on the basis of molecular size. Apparently, 

the difference in hydrophobicity of the two species is insufficient 

to produce any distinction in their chromatographic properties. As 

the size of the quaternary ammonium ion increases, the capacity 

factor ke increases. Solvophobic effects appear to differentiate 

the large quaternary ammonium ions on the basis of size (k
e 

of 

THAB > TBAB > TEAB). This is not entirely unexpected since large 

quaternary ammonium ions are extremely solvophobic, and they might 

be expelled even in pure methanol as the eluent. It is assumed 

with the quaternary ammonium salts that the prominant basis of 
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Figure 3. Retention versus Amount Injected for a Series of 
Quaternary Ammonium Salts. Mobile phase: (90:10) methanol:water. 
Column: Whatman ODS-So Samples: CTAB = hexadecyltrimethyl­
ammonium bromide, THAB = tetraheptylammonium bromide, TBAB = 

tetrabutylammonium bromide, TEAB = tetraethylammonium bromide, 
TMAB = tetramethylammonium bromide. Detection wavelength ~ 203 nm. 

differential retention on the surface is due to the hydrophobic 

expulsion of the salt, and that the secondary interactions between 

solute and surface are not the primary basis for retention. Both 

binding sites on ODS-bonded phases are presumably involved in the 

retention of quaternary ammonium salts (23). 

CetrinUde, CTAB, exhibits anomolous retention behavior. See 

Figure 3. Whereas all the spherically-symmetric surfactants show 

a regular increase in the ke as the nanomoles of solute injected 

increase, CTAB exhibits a levelling effect at high solute concen­

trations. Presumably, this can be ascribed to the fact that CTAB 

can more easily coat the surface by aligning its extended tail a­

long the C
18 

hydrocarbon moiety on the surface. This would then 

cause a surface saturation to occur at relatively low concentra­

tions of solute. THAB on the other hand is a large spherical 

hydrophobic species which has a positive charge located 7 carbon 

atoms away from the end of the heptyl moiety. It cannot contact 

adsorb as well on the surface because of the limited number of 
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carbon atoms which can align with the surface. It "lOuld therefore 

not saturate the surface as completely as a linear long-chain 

quaternary ammonium salt: at a si.mLLar concentration. 

Cations on PRP-l ----

Figure 4 depicts the retention behavior of quaternary amnl0nium 

salts on a PRP-I column. The PRP-I column packing consists of 

rigid spherical 10 11m particles which are a copolymer of styrene 

and divinylbenzene. The packing material is an adsorbent which 

can be used in the reversed-phase or normal phase modes. The sur­

face has no Bronsted acid character, and therefore there is no 

possibility for bonding quaternary ammonium ions to cation-exchange 

sites. The quaternary ammonium ions must therefore be adsorbed on 

the surface. Recently, Cantwell and Puon (16) used a model derived 

from the Stern-Gouy-Chapman double-layer theory for describing the 

adsorption of aromatic ammonium compounds on Amberlite XAD-2. The 

surface of PRP-I is chemically similar to that of Amber1ite XAD-2. 

Therefore, the quaternary ammonium ions would form a primary layer 

1.60 
PRP-1 column 

THAB 
1.20 

.40 

°1~~~------~--------~~--------~~~~ 
nmol 

Figure 4. Retention versus Amount Injected for a Series of 
Quaternary Ammonium Salts. Mobile phase: (90:10)· methano1:water. 
Column: PRP-l. Samples and detection wavelengths same as Figure 3. 
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adsorbed to the surface \-1hile the bromide counterions would then 

be located in the diffuse layer. 

In order to explain the chromatographic retention of these 

ionized solutes, a Donnan exclusion effect can be invoked. As the 

concentration of quaternary ammonium salt increases in the solute 

plug, the local ionic strength increases, and the Donnan exclusion 

is diminished. This explanation would correlate with that given 

for the ODS bonded phases. Alternatively, a non-specific salting 

out effect has also been postulated (26,27). 

As far as the differing retention behavior, See Figure 4, 

this can be explained in terms of hydrophobic and steric effects. 

THAB is expelled more than TBAB by the eluent and therefore the 

retention of THAB is greater than that of TBAB. CTAB again exhib­

its distinctive behavior differing from that of the spherically­

symmetric surfactants because of its ability to maximize dispersion 

interactions with the hydrophobic surface. CTAB can align its 

hexadecyl moiety with the surface and position its positive charge 

away from the surface. THAB has its positive charge located 7 car­

bon atoms from the end of the heptyl moiety, and it is therefore 

more difficult to isolate the charge from the surface. Contact 

adsorption is easier for CTAB, and therefore surface saturation 

would occur at lower concentrations of added solute. 

The most important fact to be gleaned from the experimental 

data is that the nature of the surface (for hydrophobic surfaces) 

does not appear to have a dominant effect on the retention of large 

cations. Even though ODS bonded-phases exhibit a potential ion­

exchange interaction, it appears that hydrophobic effects dominate 

the retention behavior of quaternary ammonium salts on ODS and poly·­

styrenedivinylbenzene copolymer surfaces. 

Anions on PRP-l 

Figure 5 shows the chromatographic behavior of a series of 

ionized salts and completely dissociated acids on PRP-l. The 

anions can contact adsorb on to the surface. Pietrzyk and Chu 
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Figure 5. Retention versus Amount Injected for a Series of Anions. 
Mobile phase (90:10) methanoI:water. Column: PRP-I. Samples and 
detection wavelengths same as Figure 1. 

(27) envision the sorption of neutral aromatic acids as close to 

a flat-wise orientation. If the organic acid is in its saIL 

form, the charged group disrupts the binding, and the orientation 

of the solute is probably more end-on with the charged site away 

from the XAD surface (27). Whatever the sorption orientation on 

the surface, a charged layer is formed and Donnan expulsion can 

occur in unbuffered eluents. This explains the increase in ke 

with amount of injected solute. 

Figure 5 demonstrates a variation in the relative retenion 

of anions on the PRP-l surface. This contrasts sharply with the 

behavior observed on the ODS surface. At (90:10) methanol:water, 

none of the anions injected are differentiated on the ODS surface. 
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All of the anions exhibit identical k values at all concentra-
e 

lions. Hydrophobic effects are not operative for these homologues 

at an eluent composition of (90:10) methanol:water. Hmvever, on 

the PRP-i surface, the nature of the anion affects the k at a 
e 

given concentraLLon of solute. Since the effects cannot be at-

tributed to the eluent, solute-surface interactions on polystyrene­

divinylbenzene are implicated. The relative retention order for 

the species is TS < KN0
3 

< BS, NAS < PA. This is not the expected 

order on the basis of size, but then again since solvophobic ef­

fects are not operative, this is not surprising. The explanation 

for this ordering lies in the nature of the surface. Styrenedi­

vinylbenzene polymeric surfaces exhibit the potential for weak 

dispersion interactions and in addition pi-bonding interactions 

with the solute. Benzene sulfonic acid (BS) and the sodium salt 

of naphthalene sulfonate (NAS) can align themselves with benzyl 

groups on the surface and maximize the pi-bonding interactions. 

These t,va aromatic sulfonates can orient themselves in such a way 

as to position the negative charge away from the backbone of the 

copolymer. The nitrate anion can undergo charge transfer complex­

ation ,vith the aromatic moieties of the copolymer and exhibit re­

tention behavior analogous to that of the aromatic sulfonates. 

Toluene sulfonic acid (TS) has lower ke values at all concentra-

t. ions of so] ute. See Figure 5. Thl s is attributed to the methyl 

sl1bs I-i tuen t. on the ben7.ene sulfonic acid. The me thyl grol1p pre-­

sumably limits the distance of closest approach between the sur­

face and the aromatic ring. Finally, picric acid (PA) exhibits 

the highest ke values at all solute concentrations. Picric acid 

is a relatively strong Lewis acid and the charge density of the 

aromatic ring is low. Lewis acid-base behavior is expected then 

between the benzyl groups of the copolymer and the aromatic tri­

nitrophenol. Picric acid is known to form adducts with aromatic 

species, and therefore high retentivity is expected. 
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CONCLUSIONS 

In water-lean eluents, where hydrophobic effects are dimin­

"ishee!, surface effects U\11 be observed. Anions intenlct with 

polystyrenedivinylbenzene surfaces on the basis of specific inter­

actions. Anions do not exhibit any specific interactions with 

octadecylsilane bonded phases, unless of course the amount of 

\vater in the eluent is so low that silanols are not comple tely 

solvated. Large quaternary ammonium ions interact with both ODS 

and polystyrenedivinylbenzene surfaces in a similar manner. 

Solvophobic effects appear to dominate the retention behavior. 

Perhaps if an eluent system did not exhibit solvophobic expulsion 

of large quaternary ammonium ions, specific interactions between 

the ammonium ion and the surface could be observed; however, this 

has not been confirmed experimentally. Finally, both quaternary 

ammonium ions and aromatic acids and salts demonstrate an enhance­

ment of retention as the amount of solute increases. This can be 

ascribed to Donnan expulsion of the solute at low ionic strength. 

The first molecules which adsorb on the surface, prevent the ad­

ditional sorption of other molecules. If the solute concentratior 

is then increased, the increased ionic strength of the solute plUf 

swamps the Donnan expulsion effect and more solute molecules can 

then sorb to the surface. 
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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC DETERMINATION OF THE 
METABOLITES OF THE POTATO GLYCOALKALOIDS, (Y,-CHACONINE AND 

a-SOLANINE, IN POTATO TUBERS AND POTATO PRODUCTS 

R. J. Bushway 
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ABSTRACT 

A high-performance liquid chromatographic method has been de­
veloped to separate and quantify the metabolites, y-chaconine, 13

1
-

and S2-chaconine, y-solanine and S2-solanine, of the potato gly­
coalkaloids a-chaconine and a-solanine in potatoes and potato pro­
ducts. A carbohydrate analysis column and a solvent system of 
tetrahydrofuran-water-acetonitrile (55:8:37) were employed for the 
separation. Flow rate was 1.1 ml/min and the compounds \V'ere mon­
itored at 215 nm. i32-chaconine (0.63 mg to 29.75 mg/IOO g dried 
weight) was present in all samples whereas the other glycosides of 
a-chaconine \>I'ere only detectable in the animal feed products. It 
appears that some of the animal feeds may contain trace amounts of 
y-solanine and an unknown \vhich maybe i31-solanine. Limit of de­
tection for all glycosides \Vas 0.05 )lg/)l1. Elution time for all 
the lower glycosides of a-chaconine was 8 min versus 16 min for 
the a-solanine group. These metabolic compounds were confirmed 
using thin-layer chromatography. 

INTRODUCTION -------

The majority of glycoalkaloids found in commercial potato 

varieties or tubers in breeding programs are of the solanidine 

series which are comprised of a-chaconine and a-solanine and their 

1313 
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Figure 1. Metabolites of a-Chaconine (A) and a-Solanine (B), 
y-Chaconine (R1 ), Bl-Chaconine (Rl + RZ)' BZ-Chaconine (Rl + R3)' 
y-Solanine (Rl ), Bl-Solanine (Rl + RZ) and SZ-Solanine (Rl + R3). 

metabolites (Figure 1). Because of their known acute toxicity 

(1--3), their possible chronic toxicity (4-6), and their charac-

teristic bitter flavor (7,8), glycoalkaloids must be analyzed in 

all ne,v potato varieties before they can be released commercially. 

Of all the possible methods-colorimetric (9,10), titrimetric 

(11), thin-layer chromatographic (lZ,13), gas chromatographic 
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(14,15) and h~gh-performance I~quid chromatographic (15-20)-

available to quantify total or individual glycoalkaloids, HPLC is 

the Illost applicable to quantify these metabolites because it is 

fast, accurate, reproducible and can be used to determine both in-

dividual and total glycoalkaloids. Analysis of the individual 

glycoalkaloids is most important since they may vary in their de-

gree of bitterness and toxicity (7,8). 

Although there have been several HPLC methods developed for 

determining glycoalkaloids (15-20), this is the first method that 

can separate all the lower glycosides of o;-chaconine and 0.-s01a- • 

nine in the same sample. 

EXPERIMENTAL 

Materials 
Solvents used for the extraction and for TLC of the glyco-

alkaloids were ACS grade (Fisher Scientific Co. Fair Lawn, NJ) 

while those employed in the HPLC separations and to dissolve the 

glycoalkaloids were HPLC grade (Fisher Scientific Co.). 

The glycoalkaloids, a-chaconine and a---solanine, Here ob-

tained from the procedure of Bush"ay and Storch (21) ,,,hile 132-

chacon~ne Has a 8~ft from EugG'ne A. Talley, Eastern RegtonaJ Re-

search Center, USDA, Philadelphia, PA. The other glycosides Here 

obtained from acid hydrolysis of a-chaconine and a-solanine em-

ploying the procedure of Filadelfi (8). 

TLC plates Here HP-KF high-performance silica gel plates 10 x 

10 cm; 200 ]l th~ckness (Hhatman Inc. Clifton, NJ). 
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.fu.JJl a rat us 
The HPLC system consi.sted of a Haters Assoc. (Hilford, HA), 

6000 A pump, a U6K injector, a Schoeffel variable-wavelength UV 

detector (Hest,vood, NJ) and a Houston Instruments dual pen record-

er (Austin, TX). 

Methods 
~x!.r~c!.i2n: The procedure used to extract the tubers and po-

tato products was that of Bush"lay.et al. (17) with one modifica-

tion. The extracting solution was methanol-water-acetic acid 

(92:5:3). 

~P~C_s~p~r~t~o~s: In order to establish the conditions needed 

to separate the metabolic degradation products, a-chaconine 

(9 mg/25 ml) and a-solanine (25 mg/25 ml) were acid hydrolyzed (8) 

which yielded y-chaconine and y-solanine, Sl-chaconine, S2-chaco-

nine, S2-solanine and possibly a minute amount of Sl-solanine. 

Operating conditions were: column, Carbohydrate analysis column 

(Haters Assoc.); mobile phase, tetrahydrofuran-water-acetonitrile 

(55:8:37); flow rate, 1.1 ml/min; column temperature, ambient; 

,vavelength, 215 nm; attenuation, O.OLf a.u.Ls.; and chart speed, 

0.4 in/min. Before injecting 5 VI of each sample, they were fil-

tered through a 0.45 vm Hillipore organic filter (Waters Assoc.). 

JL~_ ..§.e£.a.£a!.i()n: The thin-layer chromatographic method em-

ployed was that of McCollum and Sinden (22). 

RESULTS AND DISCUSSION 

A chromatogram of the separation of the metabolites of 

a-chaconine and a-solanine is .shown in Figure 2. Elution time of 
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Figure 2. Chromatogram of the Hetabolites of a-Chaconine and 
a-Solanine. Peaks: a, y-Chaconine; b, y-Solanine; c, S2-Chaconine; 

d, Sl-Chaconine; e, unknown; f, a-Chaconine; g, S2-Solanine. 

the 10"ler glycosidef3 of a~'chi:lconine was 8 min except in thc pYC-

sence of a-chaconine, in ,"hich case the elution time ,·;ras 11 min 

(Figure 2). The elution time for degradation products of a-sola--

ni.ne ,'laS 16 min, not including a-solanine (Figure 2). (x··Solanhle 

can best be analyzed using a previously developed method (17) 

since it elutes very slowly in this solvent system. The reten-

tion time for the glycosides of a-solanine can be decreased by 

increasing the Io]ater content of the mobile phase if the metabo-

lites of a-chaconine are not present. As can be seen in Figure 2, 

16 
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this time is needed for complete separation of all the metabolites. 

Hhen samples containing a.-solanine are analyzed using this pro-

cedure, the injections can be staggered so that a-solanine does 

not interfere with the other glycoalkaloids. 

Several potato varieties and potato products were analyzed 

for their content of metabolic glycosides and the results are pre-

sented in Table 1. Some of the feed products appear to have a 

trace of y-solanine and an unknown compound (Figure 3) that maybe 

Bl-solanine (based on acid hydrolysis of a-solanine standard). 

We are presently trying to identify this substance. All samples 

c 

a 

J\ b 
~- ~-------

o 4 8 12 16 
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Figure 3. Chromatogram of a Potato Waste Animal Feed Product. 
Peaks: a, y-Chaconine; b, y-Solanine; c, S2-Chaconine; d, Sl-Chaconine; 
e, unkno\VI1; f, a-Chaconine. 
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had at least one detectable degradation product of a-chaconlne. 

l~e potato waste anDnal feed samples contained all three metabo­

lites of a-chaconine Hhile cOlmnercial tuber varieties had 10H 

levels of i32-chaconine. Large quantities of these degradation 

glycoalkaloids Here found in some of these animal feed products 

(Figure 3 and Table 1). The presence of these high levels of in­

dividual glycoalkaloids could cause bitter flavor Hhich could pre­

clude the use of the product as an animal feed. Also high a­

mounts of glycoalkaloids could have toxic effects on animals and/ 

or people consuming the animals. Further research is necessary to 

determine if and to what extent the bitterness and toxicity pro­

blems exist. 

The amount of i32-chaconine in samples Has calculated using a 

standard curve. HOHever, y- and i3l-chaconine standards had not 

been isolated at the time of this study so a response factor Has 

determined using the quantity of solanidine present in these tW"O 

lmver glycosides and comparing this with i32-chaconine. Such a 

calculation can be performed since solanidine is the only portion 

of the molecule that will absorb UV light at 215 nm. The identity 

of these lower glycosides were confirmed using TLC. 

The reproducibility of this method was tested on a potato an­

imal feed sample #5 (Table 1). Five sUbsamples of the product 

which contained y-, 131- and i32-chaconine were extracted and the 

per cent coefficients of variation for three glycoalkaloids Here 

3.72, 3.28 and 7.59%. All coefficients of variac ion were below 10 

per cent indicating that the method is reproducible. 
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Thi.s HPLC procedure offers a qujck, accurate and reproducible 

method for plant breeders and toxicologists to determine the meta-

bolites of a·-chaconine and a-solanine in potatoes and potato pro-

ducts. 
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IIlGIl PERrGRr·1ANC[ LIQUID CIIROMATOGRAPHY (HPLC) OF THE NEW ANTINEOPLASTIC 

9,10-ANTHRACENEDICARBOXALDEHYDE BIS[(4,5-DIHYDRO-1 H-IMIDAZOLE-2-YL) 

HYDRAZONE]DIHYDROCHLORIDE (CL 216,942; BISANTRENE) 

K. Lu, N. Savaraj, M.T. Huang, D. Moore and T.L. Loo 

The University of Texas System Cancer Center, M.D. Anderson 

Hospital and Tumor Institute, Houston, TX 77030 

INTRODUCTION 

9,10-anthracenedicarboxaldehyde bis[(4,5-dihydro-lH-imidazole-2-yl) hydrazone] 

dihydrochloride, (Bisantrene, CL 216,942, or NSC-337766) (Fig. 1) is a new anthra­

cenedione derivative which has significant antitumor activity in a number of 

animal- tumor systems including L1210 leukemia, P388 leukemia, Liberman plasma 

cell tumor, B16 melanoma, Ridgeway osteogenic sarcoma and colon tumor 26 in 

mice (1). Although structurally, it bears some resemblance to doxorubicin, 

bisantrene differs in producing less myocardial toxicity at equitoxic doses. 

Therefore, Bisantrene may be a useful antitumor agent in doxorubicin sensitive 

tumors (2). In ordel" to study the pharmacokinetics of the agent in conjunction 

with the phase I and II clinical trial in our institute, we developed an 

analytical method for Bisantrene. The sampling and analytical methods are 

rapid, reproducible, highly sensitive and applicable to the determination of the 

agent in plasma, urine and cerebrospinal fluid. 
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Cf~~N-NH-< ) 

~ : 2HCI 

CH~N-NH-<N) 
H 

Blsontrene . 
NSC-337766 

Figure 1. Structure of 9,10-anthracenedicarboxaldehyde bis[4,5-dihydro­

IH-imidazole-2-yl) hydrazone] dihydrochloride. 

MATERIALS AND METHODS 

Chemicals 

Bisantrene (NSC-337766) I'las kindly supplied by Lederle Laboratories 

Division, American Cyanamid Company, Pearl River, NY. Glass distilled 

methanal was obtained from Burdick and Jackson labs (Saginaw, MI, USA). 

All other chemicals were obtained from regular commercial suppliers. 

Sample Preparation 

Biological samples were obtained from patients receiving 40-250 mg/m 2 

of Bisantrene intravenously. Blood was drawn into heparinized tubes and then 

centrifuged at 12,000 X g for 10 min. in a Sorvall RC2-B centrifuge to 

separate plasma from red blood cells. Urine was collected as voided. 

A C18 Sep-Pak (Waters Associate, Milford, MA) was used as a minichroma­

tographic column to prepare the biological samples (3). The cartridge was 

first eluted with 4 m1 of methanol, followed by 4 ml of equal volumes of 

methanol and water, 10 ml of 0.05 ~ sodium phosphate, 3 ml of biological 

samples, and then 4 ml of 0.05 ~ sodium phosphate. The above eluates were 

discarded. The column was l'iashed with 6 ml of chloroform:methanol (2:1,v/v), 

and the e1 uent was collected in a drying cup and evaporated to dryness 

under a stream of nitrogen in a Brinkmann model SC/48 evaporator (Brinkmann 
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Instrument CO., Westbury, NY). It was then reconstituted with 50 111 of 

N-N-dimethyl acetamide and 250 111 of sal ine for the high performance liquid 

chromatography (IIPLC) separation. Those lwine samples that remained cloudy 

after reconstitution were recentrifuged at 12,000 X 9 for 15 min. and the 

supernatent collected again for injection into the HPLC. 

HPLC Analysis 

All analyses were performed on a \~aters Associates liquid chromatograph 

(Milford, MA, USA) equipped with a Model M-6000A pump, U6K injector, and 

Schoeffel Model SF-970 fluorescent detector, (Kratos Analytical Company, 

Westwood, NJ) with the excitation wavelength set at 260 nm and emission set 

at 550 nm. Separation was achieved on an analytical reverse-phase 11 Bonda­

pak C18 column (Waters Associates, 4 mn x 30 cm, 10-mm particle size) using 

0.02 M Ammonium acetate in 40% methanol, pH 4.0, as eluant at a flow rate 

of 1.5 ml/min. Retention times were determined by a Shimadzna chromatopec­

EIA electronic integrator (Kyoto, Japan) and Brinkmann Instrument Model 2544 

recorder. 

Results and Discussion 

Using the conditions described above, Bisantrene was eluted 8.5 min. after 

injection. In the urine samples, the separation of Bisantrene from other 

components may have been delayed by 0.2 to 0.5 min due to the presence 

of normal urinary constituents (Fig. 2). The preparation of the drug 

using C18 Sep-paks along with the procedures of evaporatio~ centrifugation 

and transfer of samples resulted in 75% recovery of the drug. 

The standard curves for Bisantrene in plasma and in urine are shown 

in Fig. 3. The concentration is linear over a range of 125 to 2000 ng/ml. 

The lower limit of detection was approximately 2 ng/ml. 

Figure 4 is a chromatograph of a patient's plasma after Bisantrene 

was administered at a dose of 250 mg/m 2
• This HPLC technique is rapid, 

sensitive and reproducible. It provides easy detection of Bisantrene in 

both plasma and urine of patients receiving the drug. This assay is 
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Figure 2. Elution profile of standard Bisantrene in aqueous solution 

(left), in human plasma (center) and in human urine (right) with fluorescence 

at 550 nm. 
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Figure 3. Standard curves of Bisantrene in plasma and urine. 
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Figure 4. Chromatogram of a patient's plasma immediately after receiving 

250 mg/m 2 of Bisantrene. 

currently being used to study the clinical pharmacology of Bisantrene at 

our institution. 
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SJ:I' AI,'\'1' 10;; AND DE'1'E(nO:\ OF ,\IONOI'YRIWLE ,,\'iLl Il TPYRROL[ PI<ECLIRSORS 

OF PRODI(;[OSIN FRO)) SERRATIA 'Ii\RCESCI'NS BY A (O)IllTNED ,If'TIIOIl OF 

HICII p!',RrOl"IANCE LIQUID ClmO)IATO(;RAI'IIY ANI) SYNTIWPIIIC PIG,II',NT SYNTIII'SIS 

,f. S. Fcng+, H. L. Qian++ and J. C. Tsang·;': 

Department of Chemistry 

Illinois State University 

Bloomington-Nonna l, IT, U, S. A. 

ABSTRACT 

Thc monopyrrole (2-methyl-3-a1l1ylpyrrolc) and hipyrrole (4-mcthoxy-2,2'·· 

llipyrrole-S-carboxaldellyde) precursors of the tripyrrolc pigment antIbiotic 

prodigiosin, from Serratia marcescens were separated and detected by a 

combined method of high performance liquid chromatography (HPLC) and syntrophic 

pigment synthesis. The monopyrTole anJ h.ipyrrolc precursors were extracted 

from mutants which \\'ere able to synthesize one but not both of the precursors. 

(-\utant WI,' :i s incapable of sYllthesizing the bipYl'l'olc \·,'hi le ll1ulanL 9--3-3 is 

unable to synthesizC' the monopyrroic precurso]'. By llleans ur iS0Cl'aLic 

reversed-phase IIPLC v.'ith [l lllohj Ie phase of 7()~) methanol in water, the lllono-

pycro1c and lJipyrl'ole precursors were \ve1] separated and resolved. The identity 

+ 
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Jinan University, (;uangzholl, The People's Repuhlic of China. 
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of the pTccursor peaks h'llS estabJiseJ by their ability to undcTgo syntrophic 

pigment synthesis with the corresponding cells. The syntrophically synthesized 

pigments shared similar spect l'oscopic as ~'.'ell as chl'omatographi c charactel'ist i l'S 

as the parent t rlpyrrole pigment, prodigiosin, extracted from \,>,i It! type of 

S, nw.rccsccns. The potential application of 1"hls method in the studies of 

pl~odigiosjn biosynthesis and in the quantitation of monopyrTole compounds 

in clinical disc;lses is discllssed. 

Serratia mal'ce_~ens produces a red tripyrrolc pigment antihj otic, 

prodigiosin. A Bifurcated pathway involving the enzymatic coupling of 

the monopyrrole (2-methyl-3-amylpyrrole) (MAP) and the bipyrrole (4-methoxy-

2,2' bipyrrole -5-carboxaldehyde) (~mC) intermedi ate precursors to form pro­

digiosin has been proposed by various \,.lo1'ker5 (1,2,3). Most of the evidence 

for this pathway has been based on the syntrophic interactions of many 

mutants (2,3,4). Syntrophic synthesis is the cross-feeding of precursors 

for pigment formation 1n the cells. For example, mutant 9-3-3 \vhich accumulates 

the bipyrrole precursor ("rBC) or mutant IVF "hich produces the monopyrrole ("lAP) 

nonnally does not synthesize prodigiosin itself, hut will produce prodigiosin 

if the missing precursor is present. 

Although thin-layer chromatography and gas liquid chromatography have been 

used to separate and characterize HAP, high performance liquid chromatography 

(HPLC) has not been applied in the study of either the monopyrrole or tho bi­

PY1TOlc precursors of prodigiosin. The major advantages of HPLC over conven­

tional chromatography arc better resolution, shorter analysis time and superior 

precision, repl'oducihity and sensitivity. We have npplicd pTevlously HPLC 1n 

the analysis of prodigiosin extracted from <I w-i lel t)l)(' ~. m~lrc:csccns OR ((),7). 

In this communication we report the results of I-IPLC separat-ion of the lllono-

pY1'ro Ie and hipy1'ro Ie pTccursors. Instead of using the tedious and expens i ve 

chemical instrumentati on for their identific<1tj on, \\'8 used a combined method 

of I-IPLC retention time, Tcactlon of Erlich reagent (p-N ,N- t diemthylamino­

benzaldehyde) and most impoTtantly the ahi 11.ty to undergo syntl'ophic pi gment 

synth8si s for thej r detection. 
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Chemi cals. Pyrl'olo, ,4-dimetllyl-3--cthyl-pY1'1'ole (k1'ypt0l'yrroleJ and 1'),1'1'010 

cllTboxalclehycle \'JeTe pllrchased from AI drich, j\li lwaukee, WI. All other chcnd cal s 

used weTC of analytical grade. Solvents used for HPLC analysis \'Jere HPLC grade 

ohtcdned from fisher Scientific Co., Chicago, IL. 

Growth of Bacteria 

Serratia rnarcescens 08, a pigme11ted strain, was in stock in our laboratory. 

Mutants WF and 9-3-3 were kindly suppUed by Professor R. P. Williams, Baylor 

College of Medicine, Houston, Texas. AI] cultures were gro\\'T1 i.n 2 1 Erlenmeyer 

flasks containing 1 1 of liquid mediLun containing 0.5', Bactopeptone and 1'6 

glycerol on a rotary shaker at 27 C for 36-72 hr depending on the strain. 

Bacteria were harvested by centri fugation at 10, 000 x g, and washed \.;i th 

distilled water. In the case of strain 08, harvested cells were submitted to 

pigment extraction according to tbe procedure of Williams et al. (8J \Vith 

acetone followe(l lJy partition ~vith petroleum ether. The supernatants of Wf 

and 9~3-3 were saved for rnonopyrTole and bipYTl'ole pl'eClll'SOrS extractions. 

Extraction of ,10nopyrrole and Bipyrrole Precursors 

The supernatant of mutant WF after 36 hr of gro\Vth and the supernatnat 

of mutant 9-3-3 after 72 hr of grOl,th \Vore extracted with dichloromethane 

according to the modified method of Wasserman et al (9J. The dichloromethane 

layers \Vere collected after centrifugation at 10,000 xg for 25 min to break 

the emulsions. In the case of the Wf the organic phase was washed twice with 

1/10 volume of 1 N NaOH follOl,ecl by washing with 1/10 volume of \Vater. A 

liquid rcs:idue of monopyrroles (WF Extract) \'Jas obtained after the dried 

orgaJ1"i C' phase (w'j th anhydrous Na
2

SO
IJ

) was Temoved by fract:i Dnal distillation. 

The supernatant of mutant 9-3-3 WClS treated in a simi lar manne~r except that 

the organic phase "as fi rst washed with 1 N He 1 fo !lowed by I N NaOI-l ane! then 

water. The dried organic phase ,vas removed by distillation yielding the 

crude crystals of bipyrrole precursors (9-3-3 ExtractJ. 

j-IPLC Analysis 

A Beckman model 330 isocratic High Performance Liquid Chromatography "i th 

n Pheodyne injector valve containing a 10 pI sample loop and a Perkin-Elmer 
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LC-·SS V;lri~lhl(' \'.';lvl'lcngth LJV-visihl("' dctcctOT We're used ror :;C']li.1Ti.ll:ioll :llld 

id(~ntificcILi()1l of tho mOl1opyrrole :md bipyrroJc p1'E'CUrsors. The coJUl1l11 \Vas 

a 2S em x 4.6 111l1l i.J stai.!llcss steel column and the precolumn \Vas a 5 em x 4.6 

mm i.ll. sta:inless colman packed with l.ichroS01"b HP-·18 of ]0 )Jill part-icle dia­

meter. The following solvent systems \\'ere developed to anaJysc the pigmcnt 

and j t:; monopYl'l'olc and bipYITOlc precursors from the various pTeparati ons: 

(1) 25"'0 dichloT'oethylenc in methanol with 10 ppm of cone. flel ~vas used 

for the separation of any formed pigments (6). 

b) 70 9,; methanol in \'/uter was used to separate both the monopyrrole nnd 

pyrrolc pTecursors. 

c) 50% acetonitrile in water was found to be an additional suitahle 

sol vent system for the sepa1'ati on of the bipY1'Yo] e precursors. 

The floH rate was 2 ml/min fOT all solvent systems. 

Syntrophic P Igment Synthesis 

a) SyntTophic plgmcnt formation in cells of 9-3-~ with monopyrrole 

p1'ocu1'so1' provided by cells of Wf; SyntTophic pigment assays were 

carried out on Bactopeptone Glycerol-Agar agars. The upper half 

of each set of plates was hoavily inoculated with 9-3-3 and the 

Im.;er half \vas inoculated with Wf.. The plates WC1'8 incubated for 

36 hr at room temperature (22-24 C) and observed for pigment formation. 

b) Syntrophic pigment formation in cells of 9-3-3 with monopyrrole 

p1'ecu1'501' (~Ii\P) or in cells of \'iF with bipyrrole precursor (~IllC) 

separated and co] lected frolll J-lPLC analysis. Wf Extract or 9-3-3 

Extr3ct from 2 ] of snpeTnatnnts of cultures has dissol \feel in 3 ml of 

dichloromethane for lIPLC separation. The combined eluents (8-24 m]) after 

5-G injections of lO ~J1 each were extracted by adding 1 part of C1I
2
Cl.

2 
and 

parts of 1120' /\. small alllount of the eluent before extl'action was allowed to 

react with O.S?,} p-N,N'-dimethylamlnobellzaldehyclc in ethanol/cone. [ICI (Ehrlich-­

Reagent). The organic layers was evaporated to dryness in N
2

. Two ml of the 

corresponding cultures of 9-3-3 or WF were added to tIle residue and incubated 

for 3 hr to allow pigments to form. Cllltuyc of 9-3-3 was added to peaks 

collected from Wf Extract whereas culture of Wf \V(lS added to peaks collected 

from 9-3-3 Extract. 
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Any pigment synthesized syntrophically \'.',15 extracted hy acetone "lS 

descr.ihed for the pigment fl'om cells of strain 08. 

RESlIl.TS ANIl III SClJSSJONS 

Rec.ently we have applied !{pte in the analys.ls of the pigment components 

of ~. lllal'ccsccn~J a gram( -) bacterium fTequent 1y i ndi cted for causing many 

nosocomial diseases. We have studied the conditions under which the pigment 

components could be separated (6.7). By maintaining a small but constant 

amount of concentrated Hel in the mobile phase of 255'iJ dichlol'oethylenc in 

methanol on a reversed phase colWllfl, the pigment components could be 

separated and resolved in about 5 minutes. This method allowed preparative 

isolation of the individual components along with their hydrogen peroxide 

oxidized products. lI'e suggested that components separated by this method and 

detected in the ultraviolet region may represent the precursors of the 
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parent pigment, prodigiosin. Indeed, !'-tAP has been shown to be a chemical 

degradation product of prodigiosin (9) as well as a precursor for its bio­

synthesis (5). Systematic studies by HPLC of this and other degraded products 

may provide additional information in their possible role in the biosynthesi s of 

prodigiosin. 

Synthetic monopY1'roles such as 2,4-climethYI-3-ethylpyrrole (kryptopyrrole) 

having the structural similarity of l'-IAP can also condense with MBC in (l gro\'ling 

culturc of 9--3-3 to produce the pl'oC\igios-iTl analogs. Other pyrr01e derivatives 

suc.h as PYl'l'ole carLo.\'.:1lclchyclc :;h.:11'c5 simi·\ ZIT strnctllr(ll re Inti onshi p v,'i 1 h ~IB(. 

The UV-visible absorption spectra of these pyrrole derivatives provide us an 

important basis fOl' the selection of the suitable wavelength for monitoring 

the analyses of the WI' Extract and 9-3-3 Extract by HPLC (Figure 1). WI' Extract 

had a maximum lJV absorption at 210-235 nm which \'las sharcd by pyrrole and 

kryptopyrrole. 9-3-3 Extract had t"o maxima absorption (250 nm and 365 nm) in 

the UV spect 1'a. The 250 nm absorption repTescnts one of the two maxima of 

pyrJ:olc cnrboxyaldchydc. An additional maximum absorption at 365 nm has also 

been reported for "mc. 

Different results were obtained when the gTowth medium of mutant WF was 

extracted by various procedures under djfferent conditjons (Figul'e 2). Using 
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Figure 1. Ultraviolet-visible Spectra of pyrrole and pyr1'olo derivativos 

a) Pyrrole 

b) 2,4-dimothyl-3-ethyl-pyrrole (kryptopyrrole) 

c) Pyrrole carbaxaldchyde 

d) Extract from mutant WF 

e) Extract from mutant 9-3-3 
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Figure 2. HPLC separation of monopyrTole precursors from S. marcescens 

mutant WF. 

Column packing: Lichrosorb RP-18, 10 um particle sizo 

Solvent system: 70 96 methanol in \'latel' 

Detection: 223 nm at 20 mV, 10 mm/min 

Flow rate: 2 ml/min 

a) fresh ext Tact from grOl'.'th medi 11m wi th di ethyl ethel' 

h) Extract from growth IllCcUUlll with diethyl ether after t\\'o months 

storage in the cold. 

c) Fresh extract from growth medium wi th diethyl ether followed 

by washing with 1 N NaOI-l 

d) Fresh extract from growth medium wi th dichloromethane followed 

by \olUshing with 1 N NaOI-l 
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7(H; methanol jn h'atcr ~lS ,.1 mobile phase, the chromatogTClm of the h'cshly 

prCpal'Cu. samples ;15 C'xt r~lcted by diethylcther according to the procedure of 

Ill'ol et a1, (.s) shol'.'cd tl',:o main peaKs, a strong pcaK and a slIla] 1 peak (Figure 2--a). 

When this sample \\'as stored in the cold for n period of two months, the First 

peak was degr.J.tlcd into sevcl'al sma] 1 peaks and peak :2 i[1 the original sample 

almost disappeared (I;'igurc 2-h). Howcve"r, I'Jhcn either Jiethyl ether or clichloro-· 

methane was used as extracting solvent hut washed \\'ith 1 N NaGI-!, four peaks with 

retention tinlcs of 2.3 min, g,g min, 11.4 tl1ln anrl 17.3 mill were obtained (Figure 

2-c and 2-d). The first peak (R
t 

~ 7.3 min) had simi 1ar retention time and UV-

visible absorption characteristics as pyrrole. Positive test witll Ehrlich 

reagent (p-N ,N I -u i.mcthylamlnohcnzaldchydc ill acidic ethanol) showed it W(15 

either pyrrolc or PYJ'roie JCl'ivatlve. Peak 3 (R = 11.4 mill) was tl18 main 
t 

peak with positive Ehrlich Reagent test and w·jth absorption charactcristi.cs 

simi lar to those of kryptopyrrole (fi gure 1). That this peak hcing a mono-

pyrrole precursor such as ~IAP was confirmed hy the syntrophic assay technique 

(Table 1). The remaining two peaks WOTe not ChaT<lcterizeci, since neither one 

\oJas present in any signfj ciant amount. 

The chromatograms of the extracts from the grO\'lth media of mutant 9-3-3 

(9-3-3 Extract) were fairly simple (figure 3). When 70', methanol in "Iater 

~"as Llsed as a mobi1e phase, a single peak \\tith retention time of 2.7 min was 

obtained "hen monitored at either 250 nm (Fi.gure 3-:1) of 365 nm (figure 3-b). 

Again tllC synthrophic pigmentation test was positive wIlen tllis pcak was 

collected and allowed to react with the lllonopyrrolc precurso1', MAP, in the cells 

of mutant wr Crable J). The UV-visible spectra were simi la1', if not identical, 

La Lhose reported ['or ;-lBC (S). Therefore, conclude that thi S pC<lk j s most 

l.ikely to be j\lBC. When S()~, Clcetonitri Ie ill wat-ec \·.'as used as the mohile phase, 

the retention time of this peak shifted slightly giving a retention time of 

3.1 min (Table 1). 

The results obtained in this study clearly indicated that peaks separated 

from either the extract of the supernatants of mutant WF or mutant 9-3-3 

gtlve positi Ve' syntrophic pi gmentntlon \'.'1 th cells of lllutant 9--3-3 (test for ~jAP) 

or. cells of mutant WF (test for ~1I3C). The retention time and the absorption 
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spectra or the l'csulting syntrophic pi.gmclIts \'/01'0 simi lar to those of the 

pigment of prodigi.osjn obtained fl'Olll pigmented wild type strain OR 01' the 

pigments obtained after syntrophic synthesis between cells of mutant wr and 

cells of mutant 9-3-3 ('fable 1). These results provide strong but simple 

evidence for the presence of an active monopyrrole precursor in the growth 

medium of mutant IVF (~lAP) and an active bipyrrole precursor (~1BC) in the 

gro"th mediwn of mutant 9-3-3. In order to study the separation and resolution 

o 

of the monopyrrole and bipyrrole precursors in the sample, equal amount of IVF 

Extract and 9-3-3 Extract \Vas mixed and the mixture was analysed under the 

similar condition as described above (Figure 4-c). The bipyrrole (MEC) 

(R
t 

= 2.7 min) and the monopyrrole (~lAP) (Rt = 11. 4 min) were well separated 

and resolved. The reprodicibility of the separation provides for the first 

a) b) c) 

4 8 12 16 o 4 8 o 8 l2 

Time (min) 

Figure 4. l-]PLC profiles of the mixture of IV[- Extract and 9-3-3 Extract 

a) IVF Ext ract b) 9-3-3 Extract c) mixture of IV[- Extract 

and 9-3-3 Extract (1: 1, v/v) 

Solvent system: 70% methanol in water 

Detection: 235 nm 

16 
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time a possjblc means to quantify the monopyrrolc and hipyrro]c precursors 

present in the salile S<:-llJ1p]c. 

8y combining the syntrophic pigmentation test and the powerful technique 

of separatioTl and resoiutioIl of HPLC we believe we llave established a silnpJe 

and fairly rapid method for the detection of mOllopyrl'oie and bipyrrole p1'o-

cursors of prodigiosin. lVe arc in the process of applying this method in 

the analysis of pigmen·t and pigment precursors of various pigmented and non-

pigmented clinical isolates of ~. marcescens ,{hich might be responsible for 

many nosocomial diseases. ['inally, it is worth mentioning that the method 

developed in this study could also be applied to the detection of other 

monopyrrole compounds in diseases, such as porphyria, psychosis and lead 

exposure (10). 
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DETERMINATION OF METHACHOLINE CHLORIDE BY ION-TAIR 
l-JIGH--l'RESSURE LIQUID CHROMATOGRAPHY 

Tracy F. Hoodman*, Bri.an Johnson and Raj K. Marwaha 
Division of Clinical Pharmacology 

University of Massachusetts Medical School 
Horcester, MA 01605 

ABSTRACT 

A method of analysis of methacholine chloride is presented, 
which is adaptable to other choline esters. The method uses ion­
pair high-pressure liquid chromatography. Using I-heptane 
sulfonic acid optically transparent at low UV wavelengths as the 
specific ion-pair, it was possible to assay for a specific 
choline ester using ultraviolet detection at 210 nm without inter­
ference by hydrolytic by-products. The method can be used to 
provide quality control and stability data on methacholine 
chloride in 0.9% sodium chloride solutions. 

KEY PHRASES 

Choline esters, ion-pair high-pressure liquid chromatography, 

I-heptane sulfonic acid, ultraviolet detection at low wavelengths, 

hydrolytic by-products, methacholine chloride stability and 

quality control. 

"To whom inquiries should be directed. 
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INTRODUCTION 

The choline esters acetylcholine, methacholine and 

nuccinylcholine have been of cOlls-Lderablc interest in pharma--

cology and therapeutics for many years. Solutions of these 

compounds are considered relatively unstable, and must usually 

be utilized shortly after preparation. ~fethacholine chloride 

solution is currently receiving a great deal of attention as an 

inhalation agent to assess the cholinergic hyper-reactivity of 

asthmatics, when used in concentrations ranging from 0.075 to 

25 mg/ml. The drug is not available cOI1ll1lercially in solution, 

and hospital pharmacies or chemical laboratories must prepare 

solutions and obtain quality control data on each lot prepared. 

Concerns about stability have greatly increased the cost of 

providing test material. 

Simple choline esters can be assayed by the method of Notari 

and Munson (1), >,hich is a general assay method that can be used 

for a number of functional groups. The method depends on the 

formation of a hydroxamic acid and subsequent colorimetric deter-

mination of the highly colored ferric hydroxamate. This 

tecJmique works fairly well for simple esters, but problems that 

can occur with more complex esters i.nclude instability of the 

color complex or failure of the hydroxamic acid to form. These 

problems can be minimized by using an excess of ferric ion and 

removal of water, but the exact conditions must be established 

for each compound and/or system under study. Notari and 

Baker (2) indicate another possible problem associated with this 
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assay method. The procedure requires t.he addition of sodium 

hydroxide during the conversion of the ester to the hydroxamic 

acid. There is a possibi 11.1:.y of 10"s of yj eJ d of thE, hydroxamj c 

acid, due to hydrolysis of the ester or the hydroxamic acid to 

the corresponding carboxylic acid. Notari and Baker (2) 

recommend using only the minimal amount of sodium hydroxide 

necessary to give a convenient reaction time. HacDonald et al. 

(3, 4) used this method to study the stability of a 5 mg/ml 

solution of methacholine chloride and have provided evidence of 

reasonable stability under normal storage conditions. 
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It was felt that a high pressure chromatographic (HPLC) 

assay that could be used for a wide range of related compounds 

was desirable. A reverse phase system was necessary as most 

choline ester preparations are aqueous in nature and an extrac­

tion step ,·JQuld be undesirable. Such a high pressure liquid 

chromatographic system would eliminate any possibility of 

hydrolysis during analysis, and would be more suitable than the 

method of Notari and Hunson (1) for determining more complex 

esters. An appropriate HPLC procedure would also be used to con­

firm the findings of MacDonald et al. (4) in relation to 

methacholine. 

Brown et al. (5) used ion-paired HPLC to develop an assay 

for determining aprophen (2-diethylaminoethyl 2,2-diphenyl­

propionate), an anti-cholinergic which is chemically related to 

the choline esters. The choline esters absorb only in the short 

wavelength ultraviolet (UV) region. This precludes the use of 
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conmlercially available ion-paired reagents used by Bro\·m et a1. 

(5) as these reagents have a UV cutoff at about 2Lf 5 nm. The 

current availability 01 ion-paired reagents with a UV cutoff at 

205 nm has allm'led the ion-paj red technique to be applied to a 

whole series of compounds, such as the choline esters, which were 

previously very difficult or impossible to assay. 

HATERIALS 

Apparatus 

The HPLC system consisted of a Waters Associates Hodel 6000A 

solvent delivery system, U6K injector, Model 450 variable detec­

tor, and an Omni-Scribe 6000 dual pen recorder. 

Reagents 

HPLC grade methanol (Fisher Scientific Co., Milford, HA) 

and Lmv-UV PIC-B7 (Haters Associates, l<!:Llford, HA) \·,ere used as 

the mobile phase. Acetylcholine chloride (Calbiochem, La Jolla, 

CA), methacholine chloride N. F. (J. T. Baker Chemical Co., 

Phillipsburg, NJ) and succinylcholine chloride (Burroughs 

Hellcome Co.) \"ere purchased. 

The methacholine chloride obtained \Vas stated to meet 

national formulary specifications, L e., it was not less than 98% 

nor more than 102% of the labelled amount. It was stored in a 

vacuum desiccator at _4 0 C in its original unopened container. 

Because of the deliquescent nature of the drug all weighings were 

made rapidly, and once a container of methacholine chloride was 

opened any unused material ,vas discarded. 
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TABLE 1 

Optimal Mobile Phase Composition and Retention Times 
for Choline Esters 

% Ion-Paired Retention 
Drug Methanol Reagent Time (Min) 

Acetylcholine 10 90 12.6 
Methacholine 25 75 9.6 
Succinylcholine 40 60 7.8 

METHODS 

Procedure 

A pre-packed 30 cm x 3.9 TIml reverse phase octadecylsilyl 

column (p-Bondapak C18 ' Haters Associates, Milford, MA) vJaS 

employed to chromatograph all compounds used in this study. The 

ion-paired reagent was prepared by dissolving the 20 ml vial of 

reagent into 480 ml of glass distilled water. The ratio of 

0.01 M I-heptane sulfonic acid and methanol used to prepare the 

mobile phase varied depending l1pOll t110' r.ompound to be studied 

(Table 1). The flow rate was 1 ml/min in all cases. All separa-

tions ,,,ere performed at ambient temperature. Samples were 

introduced into the column through a continuous flow loop 

injector, and the resulting peak heights measured. Table 2 shows 

the conditions of analysis. 

As methacholine chloride was of greatest interest, the 

detector \Vavelength of 210 nm was chosen. This is the UV maxima 

for methacholine chloride in this mobile phase. 
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TAilLE 2 

Optimum Conditions of ilnalysis 

£.1obile Phase 
Column 
Temperature 
Pressure 
Absorbance Units Full Scale 
Flo", Rate 
Havelength 

£.1ethod of Calculation 

Table 1 
Rev("rse Phase C--18 
Ambient 
1500 psi 
0.02--0.1 
1. 0 ml/min 
210 nm 

As no internal standard was used, an average peak height for 

each sample was obtained from three injections. The concentra-

tion of an unknm·m ,,,as determined fyom a standard curve prepared 

on the day of analysis. The values of the standards were sub-

jected to linear regression analysis. 

Precision 

The precision of the method was assessed by the analysis on 

separate days of samples in 0.9% normal saline prepared from the 

same stock solution. At concentrations of 20 (11.=5) and 5 mg/ml 

(n=8) the method yielded coefficients of variation of 0.67 and 

2.74%, respectively. 

Sensitivity 

In the above analysis a signal-to-baseline noise ratio of 2 

corresponds to a minimum detection limit of 0.08 mg/ml at 

0.02 AUFS ,,,hen 20 p1 are inj ected. 
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Lir~artD'_ 

In the tested concentration range of 0 to 25 mg/ml, the 

relation of concentration Lo peak height Ivas l.Lnear. A typIcal 

curve over these concentrations shm,ed a slope of 2.679, a y-­

intercept of -0.9L+60 and a correlation coefficient of 0.9998. 

RESULTS AND DISCUSSION 

The assay procedure proved quite reliable for methacholine 

chloride and should be adaptable for a number of other related 

compounds. The deliquescent nature of methacholine chloride must 

be taken account of in preparing quality control samples and 

samples for determining standard curves. 

When the choline esters were subjected to basic hydrolysis 

there was diminution or disappearance of the parent peak on the 

chromatograph, with the hydrolysis by-products appearing at the 

solvent front. When hydrolysis products were injected separately, 

they showed no interference in the analysis of the three choline 

esters. 

The described HPLC procedure was also compared to the method 

of HacDonald et a1. (4). Table 3 represents the comparative data 

obtained. The methods yielded similar results in this laboratory, 

and indicate that for methacholine chloride the procedure used 

by HacDonald et al. (4) is valid. MacDonald et al. reported 

coefficients of variation between 1. 37 and 2.47%, depending on 

temperature. These precision data were better than this labora­

tory could obtain using the same method, as ShOWll in Table 3. 
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TABLE 3 

Comparison of TlVo Assay Hethods for Hethacholine 

Method 

Method of 
aLb MacDonald et 

5 mg/ml standard 
20 mg/ml standard 

HPLC Method 
5 mg/ml standard 

20 mg/ml standard 

Precision Dataa 
n S.D. C.V. 

5 0.393 
5 0.696 

8 0.152 
5 0.128 

7.08% 
3.47% 

2.74% 
0.67% 

0.0 
0.54 

Calculated Value 
of Standard 

5.55 mg/ml 
20.03 mg/ml 

5.55 mg/ml 
19.27 mg/ml 

C.V. = 0.0 % 
C.V. = 2.75% 

Variation BetlVeen Methods 
for the 5.0 standard 
for the 20.0 standard 

~ = number of observations; 
coefficient of variation 

bThese values lVere obtained 
of MacDonald et al. 

S.D. 
S.D. 
S.D. standard deviation; C.V. = 

in this laboratory using the method 

There need be no concern about risk of hydrolysis if either 

method is used. 
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IIIGH-PRESSURE LIQUID 

CHROMATOGRAPHY ASSAY FOR DANE SAL7' 

POTASS.WM (-) -N- (1-NETHOXYCARBONYLPROPENE-2YL)-

p-HYDROXYPHENYLCLYCINE 

Naseem Muhammad, Peter S. Tsai, & Ronald C. Lauback 

Bristol Laboratories, Division of Bristol-Nyers Co. 
Syracuse, New York 13201 USA 

ABSTRACT 

A rapid, ion-pair, high-pressure liquid chromatographic method for ana.lysis 
of Dane Salt Potassium (-)-N-(1-Methoxycarbonylpropene-2-yl)-p-Hydroxy-

phenyl glycine '''as developed. Tetrabuty1.ammoni um hydroxide was used as a 
counter-ion in the mobile phase. A fixed vlave1ength detector (A = 280 nm) 

and a ll-Bondapak C-18 column were employed. The percent relative range of 

the method (precision) '''as O. 6?~ (n = 3). 

INTRODUCTION 

Enamine protected amino acids are comlllonly used during the 

manufacture of penici1.lins and cephalosporins (1-9). 

These compounds are referred to as Dane Sal ts. Potassi um (-) -N-

(]"!'!ethoxycarbony1propene --2"y1) -p-Hydrox'-!phcmy.lg1ycine (I) is such a 

compounu. 

HO )-CH-·NH 

.'=:-:- / bOOK 

I 

C 
~ ",0 

Cll-<:" . 
'\, 

OCH3 
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11 lI12UlOd to deLeTll1ine the pur.i ty of this compound has )]01: he Of] reported 

.i.n the li teL·ature. QuaLi ty of this compound has a bearing on the 

manufactured by it. Therefore,.i t \'las decided to deve1.op a specific 

HPLC assay fOT de terrrLination of pm:i ty of Dane Sal t Po tassi wn (-) ··N·· 

(l-Me thoxl/carbonylpropene-2-yl) - p-Hydroxphenylgl ycine . 

EXPERIMENTAL 

Reagents: 

Methanol, Burdick & Jackson, Muskegon, NI 49442. 

2'etrabutylammoni. um Hydroxide, Eastman Chemical Company, 
Rochester, New York 14650. 

Potassium Hydroxide Solution (45%, "I/V), Fisher Scientific Company, 
Fair Lawn, NevI Jersey 07410. 

Dane Salt Potassium (-)-N-(1-Nethoxycarbonylpropene-2-yl)-p-Hydroxy­

phenylgl ycine (Reference StandaTd) 
Bristol Laboratories, Syracuse, New York 13201. 

PhosphoTic Acid (85%, ,'/ /v), F'isher Sc.ientific Company, 

Fair La,"n, New Jersey 07410. 

HPLC Condi tions : 

Column: 

Pump: 

Nobile Phase' 

1"10"1 Rate: 

Injector: 

Detectoz-: 

Chart Speed: 

jJ-Bondapak C-18, 30 em x 3.9 mm J.D., :from Waters 
A.ss()C'.lAi:ps I MJ I ford.! Mass. t Cata !oq No, 27 ,2,(J. 

Milton Roy min.i-pump, 5000 p.s.i. or eguivalent. 

MeOH/f'later (50/50) 'Y.ith O .. IIY. potassillm hydrox.ide, 

0.DOG93!:!. LeLrabut.ylallllllolJiulll hljdruxiciu adjusted 1.0 

pll 7.0 "li th concentz-ated phosphoric acid. 

1.5 ml/minute. 

Valco Loop Injectoz-, 7000 p.s.i., 40-jJl loop, 
Valco Instrument Co. r Inc~, Houston, Texas. 

Platers Mode.I 440 or equivalent, 280 nm. 

0.2 inch/minute. 
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/3uqyesCed 11Ltcnuat,iol1s IX Uel:ellL}oI1 'l'.imcs: !1l:tGll110 t.i.Ol1S 
----~-.. ---

Dane Salt Potass.ium (-)"N- (.l-Methoxy-· 
carbonY.lpr'opene-2··y I) -p-llydroxphenylglycine 

Benzocaine (Internal StandaTcl) 

4.0 :1: 0 " 0,0') 

S.S 2. 0.5 0.0') 

~'ransfer 500 ml of methanol and 450 ml of distilled <-later to a 

I-liter volumetric flask and m.ix the contents. Pipet 18.0 ml of 

tetralJuty.Zammoni.um hydroxide titrant, and 8.5 ml of potassium hydToxide 

reagent to the flask and mix the contents. Adjust to pH 7.0 <'Ii th 

phosphoric acid (approximately 6 ml). Dilute to volume <"ith '·later. 

F'ilteT the resulting so.l.ution through Whatman No.5 fi.l.ter papeL' (5.') cm) 

placed in a N.i1lipore filter holder. 

Di . .7.uent P~aration: 

Transfer 1.0 ml of Potassium Hydroxide So.Zution (2.25~~, '''Iv) and 

40.0 ml of meth~nol to a 100-ml volumetric flask. Dilute to volume <"rith 

distilled <-lateI' and mix 'veIl. 

!nternaj Standard (Benzocaine Solution) Preparation: 

TransFer 25 ± 1 mg of Benzocaine Solut.ion to a 100-ml volumetLic 

flask. Dissolve and dilute to volume '''ith methanol and mix 'veIL. 

TTansFer 10 ml of the resulting solution to a 100-ml volumetric flask, 

dilute to volume ,'lith methanol and mix 'veIL. 

Transfer 30 ± 2 mg of Dane Salt Potassium (-)-N-(l.-Nethoxy-

car-lJonyl.pTopene'"2-yl) -p-Hydroxyphenylglyc.ine ReFerence Standar-d or 

sample, accuTately "leighed, into a 200"ml vO.lllmetTfc f.lask. Add 

.lOO ml of methanol and s<'lirl to dissolve (1) the contents. Dilute 

to vO.I ume "li th methanol and mix 'vel I. 
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TransFer 5.00 ml of Dane Sa~lt Potassium (l)-N'-(J-Nethoxy-

carbolllil propene ~~ 2 -~yl) - p--liydroxy phenyl glycine ReFe renere! S Landan] or 

sample solution and 10.00 ml of Benzocaine SoJution into a 50-m~1 

vo.llllnc3tr~ic f1ask. Dj~lute to volume "lith methanol and mix ... 'e1~1. 

1'ransfer 4.0 ml of the resulting solution to a 10-ml volumetric 

flask, dilute to v01ume with the di1uent (2) and mix we11. 

NOTES 

(1) If the standard or sample is not dissolved in methanol after 

swirling, sonicate for five minutes. 

(2) Diluent should be added to the working solution immediately 

before injecting the final solution into the HPLC system. 

Calculations: 

1. 
Peak Height of Analyte 

Peak Height Ratio (R) = Peak height of Internal Standard 

RStd . 

RSple 

AnalytG 

Peak height ratio of standard solution. 

Peak height ratio of samp~le solution. 

Dane Salt Potassium (-)-N- (l-Hethoxyca2·bonylpl.'opeIle·2~ y1) 
p-Hydroxypheny1g1ycine. 

2. Standard Factor (F) 
Std. wt. (mg) x Std. Puri ty (~;) 

RStd . x 100 

3. Assay Results: 

Percent Dane Salt Potassium (-)'~'N- (1-Nethoxycal'bony~lpropene-2-yl) 

p-~lfydroxlJphenyl gl ycine 

~J)Je x F x 100 
Sample wt. (mg) 

RESULTS & DISCUSSION 

The purpose of th1:s ,york was to develop a specific assay procedure 

for Dane Sal t Potassi um (-) -N- (1-NethoxycaTbonylpropene-2-yI) -p-Hydroxy-
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TABLE T 

Spike Recoveries 

E11l10Ull t Added f11110unt Found 
% Target l!'5I Ill5L % Recovery 

60 19.08 .19.13 100.3 

100 31.80 32.38 101.8 

phenylgl ycine ,vi th a sui table level of precision and accuracy. Standard 

linearity was checked by assaying standards ranging from 25 to 200% of 

the target val ue ,vi th Benzocaine as internal standard. Relative 

standard deviation (2s%) for chromatographic variabi.Zity was determined 

by five injections of the standard solution and '''as found to be 0.6%. 

Accuracy of the method '·Ias determined by spiking authentic Dane Salt 

Potassium (-)-N-(1-Methoxycarbonylpropene-2-y1)-p-Hydroxyphenylglycine 

at the 60 and 100% levels, respectively, to the actual sample solution 

(containing 27.75 mg Dane Salt Potassium (-)-N-(l-Methoxy-carbonyl-

propene-2-yl)-p-Hydroxyphenylglycine. The percent recoveres are 

sho,",n in Table T. 

Percent relative range for precision of the method '''as 0.6% and '''as 

determined by a sl:ngle injection of triplicate sample preparations 

for each of t,",o samples. 

Specifici ty of the assay '''as shown by injecting t"1O kno'''n 

degradation products, methylacetoacetate and p-hydroxyphenylglycine. 

No interferences were noted. A search ,",as conducted in order to 

find a diluent in '''hich Dane Sal t Potassi um (-) -N- (l-Methoxycarbonyl-

propene-2-yl)-p-Hydroxyphenylglycine could be dissolved ,vithout 

significant degrada t.i011 beforeinjectio11. Dane Sal t Potassi um (-) -N-

(1-Nethoxycarbo11ylpropene-2-yl) -p-Hydroxyphe11ylglyci11e waS more stable 



t 1 

Inject 

OJ 
c: 
.!!! 
u 
o 
N 
c: 
OJ 

"" 

2 3 4 5 6 7 

Time (min.) 

HUlWIHAD, TSAr, AND LAUBACK 

0.
05 1 AU 

FIGURE 1 Sample Chromatogram 



ASSAY FOR DANE SALT POTASSIUH 1355 

.in methano.I than .in "lateT 02' mobile phase aJ.one over t.ime. rvhen methanol 

~vas used as a (Li} l1ent I elLs t.:orted peak shapes t'/ere procluced iiuI'_inq chroma 

togTaphy. rvhen 40% methanol. in H20, containing 0.023% potassium htldToxide 

so.l.llt.ion "las used in the f.ina1 diJ.lltion step, Gaussian peak shapes and 

less than 1.% J.oss after 10 minutes of Dane Sa1 t Potassi um (-) -N-· (L-

J.1ethoxycaTbony1propene-2-y1) -p-HydToxpheny1g1yc.ine was obseTved. A 

typical sample chTomatogram is sho,"n in Figure 1. 

In summary, an ion-pail.' HPLC assay method has been validated. 

The pTecision, accuracy and specificity of the method have been shown 

to be good. 
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HIGH PRESSURE LIQUID CHROHATOGRAPHIC DETERtHNATlON OF 
PARABENS IN PHARNACEUTICAL PREPARATIONS 

CONTAINING HYDROXYQUINOLINES 

G. R. Padmanabhan*, J. Smith, N. Mellish, and G. Fogel 
Ciba-Geigy Corporation, Pharmaceuticals Division 

Research & Development Department 
Suffern, New York 10901 

ABSTRACT 

A high pressure liquid chromatographic (HPLC) procedure for the 
analysis of methyl paraben (NP) and propyl paraben (PP) in pharma­
ceutical preparations containing a halogenated hydroxyquinoline 
(HHQ) is described. The method involves a separation o® the 
phenolic constituents, MP, PP and HHQ with a Bio-Rad AG l-X8 anion 
exchange resin, elution of the phenols with methanol after 
acidification and a reverse phase HPLC separation of the parabens 
using methanol - pH 6.5 buffer (60/40) mobile phase, a 30 cm x 
3.9 mm (i.d.) column packed with Waters ~Bondapak C18 packing and 
a guard column packed with Waters Bondapak C18/Corasil packing. 
Recovery, precision, specificity and interference data along with 
the application of the proposed method for some commercial formu­
lations both with and without a hydroxyquinoline are described. 

INTlWDUCTlON 

Nethyl and propyl parabens are used extensively as preserva­

tives in pharmaceutical, food and cosmetic preparations in order 

to prevent the growth of microbials (1). Several analytical 

methods have been reported in the literature for the analysis of 

the parabens. These methods include colorimetry (2-3), gas 

chromatography (4-5) ion-exchange (6-7) and reverse phase HPLC 

(8-11), partition chromatography (12), adsorption chromatography 
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(13-14), ultraviolet spectrophotometry (15), and thin-layer 

chromatography (16-1 J) . However, when we employed the above 

methods [or lhe analysis o[ a phanuaceuLi.cal 10Lion preparation 

which also contained the active ingredients iodochlorhydroxyquin 

and hydrocortisone in addition to the parabens, none of the above 

methods could be employed successfully due to one or more of the 

following reasons: 1. high iodochlorhydroxyquin/parabens con­

centration ratio 2. phenolic properties of both parabens and 

iodochlorhydroxyquin 3. high polarity of iodochlorhydroxyquin 

(18) 4. weak basicity of iodochlorhydroxyquin 5. poor stability 

of parabens in basic solutions 6. formation of emulsion during 

clean-up procedure due to the excipients present in the sample 

7. relative high solubilities of parabens in water and 8. pre­

sence of interfering components in some of the excipients such 

as lanolin used in the lotion formulation (19). In this publica­

tion we are reporting a procedure which is based on a preliminary 

ion-exchange separation of the parabens and iodochlorhydroxyquin 

from the formulation, elution of these compounds from the column, 

precipitation and removal of a majority of iodochlorhydroxyquin at 

a pH of 6.5 and a subsequent HPLC separation and quantitation of 

the individual parabens. 

MATERIALS AND ItE'fHODS 
Apparatus 

A modular HPLC instrument with a Waters Model 6000A solvent 

delivery system, a Waters Model 440 absorbance detector (fixed 

wavelength at 254 run) and a Valco injection valve with 100-pL loop 

was used. For HPLC separation, a Waters pBondapak CI8 column, 

30 cm x 3.9 mm (i.d.) and a guard column packed with Waters 

Bondapak Cis/Corasil were used. 

~lobile Phase 

Mix thoroughly 600 mL of methanol and 400 mL of a pH 6.5 

buffer solution. The buffer solution was prepared by adding the 
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appropriate amount of O.IN sodium hydroxide to 250 n~~ of O.IN 

monobasic sodium phosphate to obtain a pH value of 6.5 and then 

aclj us Ling the vo lume L 0 1000 mL vii Lh v,'a te r. 

Chroma togr~jll'lj~_~o~di ~~ons 

A mobile phase flow rate of 1 mL/minute (isocratic) was used 

for the study. The column was maintained at room temperature and 

the uetector sensitivity was lIlaiutained at 0.1 AUFS for ~lP and at 

0.04 for PP. 

Standard Preparation 

Prepare a standard methanolic stock solution containing 2.25 

~g of MPjmL and 1.25 ~g of PP/mL. Dilute 25 mL of the stock 

solution to 50 mL with the pH 6.5 buffer solution. Filter and 

inject 100 fJL into the column. 

Procedure 

Take 1.5 g of AG I-X8 (chloride form) analytical grade anion 

exchange resin (Bio-Rad Laboratories) in a 25 cm x 10.5 mm (i.d.) 

glass chromatographic column equipped with a 200 mL reservoir at 

the top and a stopcock at the bottom and convert the resin into 

the hydroxide form with IN sodium hydroxide. Wash the column with 

water and methanol. Extract an amount of lotion or cream sample 

equivalent to about 0.7 mg of total parabens three times with 

15 mL of methanol, filter, if necessary, collect the clear liquid 

and dilute to 50 mL with methanol. Disperse the ointment sample 

with 25 mL of ether, add 15 mL of 0.1 N HCI, shake and collect 

the ether layer. Repeat the extraction twice with 25 mL of ether. 

Combine the ether layers and evaporate the ether. Dissolve the 

residue in 50 mL of methanol. Pass a 25 mL aliquot of the sample 

solution through the ion-exchange column and wash the colunm 

successively with 100 mL of methanol, 10 mL of 0.5N hydrochloric 

acid and 10 mL of water. Discard the eluants. Pass 100 mL of 

methanol through the column, collect the eluant and adjust the 

final volume to 100 mL. Dilute 25 mL of the sample solution to 

50 mL with pH 6.5 buffer, centrifuge an aliquot and filter. 
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Inject 100 ~L into the HPLC column. Compare the peak heights 

(or the area) of the sample and the standard solutions and 

calculate Lhe amount 01 MP and PP in the sample. 

A 

MP 

o 

PP 

o 
Minutes 

FIGURE I 

PP 

B 

MP 

5 8 

A. A typical chromatogram showing the separation of MP and PP 
from the analysis of a 1 g sample of a iodochlorhydroxyquin­
hydrocortisone lotion formulation using the method described 
in the text. The detector sensitivity was changed from 0.1 
AUFS to 0.04 AUFS after the elution of MP. 

B. Same as A except for the addition of 0.087 mg of parahydroxy 
benzoic acid to the sample before the analysis by the proposed 
method. 
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RESULTS AND DISCUSSIONS 

A chromatogram obtained from a typical analysis of a lotion 

sample labelled to contain 0.07% of total parabens, 1% hydro­

cortisone and 3% iodochlorhydroxyquin is shown in Figure 1. Inter­

ference values of 2% and < 1% respectively were obtained for MP 

and PP when a paraben placebo lotion sample which contained hydro­

cortisone and iodochlorhydroxyquin was analyzed by the proposed 

method. Samples of the placebo lotion samples were spiked with 

MP and PP at a level of approximately 80%, 100% and 120% of their 

amount present in a typical iodochlorhydroxyquin-hydrocortisone 

lotion sample and then analyzed by the proposed method. The 

results, shown in Table 1, indicate that the recovery of MP is 

within 101-104% range and the recovery of PP within 97-99% range. 

TABLE 1 

Recovery and Linearity Data For 
Iodochlorhydroxyquin-Hydrocortisone Lotion Formulation 

Amount Added Amount Found Recovery 

Amount of 
mg 

Placebo 
g MP 

.. _-----

1.004 0.331 1 

0.952 0.4142 

1. 014 0.497 3 

MP = Methyl Paraben 

1Approx. 80% of Label 

2Approx. 100% of Label 

3Approx. 120% of Label 

PP 

0.214 1 

0.268 2 

0.322 3 

PP 

mg % 

MP PP MP PP 
--

0.346 0.212 104 99 

0./119 0.260 101 97 

0.515 0.318 104 99 

Propyl Paraben 
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TABLE 2 

Parabens in a Iodochlorhydroxyquin-Hydrocortisone Lotion 5 

Current Proposed llPLC nethod 
Sample Hethod 4 

L-_ 

1 

2 

3 

Al 

A2 

Bl 

B2 

C1 

D3 

% Total Parabens 

0.07 

--

0.066 

--
0.070 

0.020 6 

Chemist ill Lab 1 
Chemist il2 Lab 1 
Chemist il3 Lab 2 

% HI' % PI' 
% Total 

Parabens 

0.044 0.024 0.068 

0.044 0.024 0.068 

0.04L+ 0.022 0.066 

0.042 0.022 0.064 

0.046 0.025 0.071 

0.044 0.023 0.067 

4 = Recovery of Spiked Placebo was < 100% by this Alumina 

5 

6 

Column - UV method. However, the standard is treated 
in the same way as the sample in this method. 
Label claim: total parabens = 0.07%. 
Probably due to the poor reproducibility of the alumina 
employed 

--

The results obtained from the analysis of four different batches 

of a commercial iodochlorhydroxyquin-hydrocortisone lotion are 

shown in Table 2. The results indicate that the proposed method 

is more accurate than a alumina adsorption column - UV combination 

method employed currently for this product. The results also show 

that the inter- and intra-laboratory reproducibilities of the 

proposed method are satisfactory. 

In addition to the potential binding of parabens with the 

excipients present in some of the formulations (20-22), parabens 

are also known to hydrolyze to parahydroxybenzoic acid (PHBA) 

particularly in the basic solutions (23). In order to establish 

the specificity of the proposed method for MP and PI' in presence 

of PHBA, a lotion sample containing HP, I'P, iodochlorhydroxyquin 
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TABLE 3 

Parabens in Some Typical Formulations 

If I 
Claim, % 

, 
Found, % 

I 
1 

2 

3 

4 

5 

6 

7 

8 

9 

Sample 

Crotamiton Cream 

Flumethasone Pivalate 
Cream 

HC Cream 

HC Cream + 2% CQ added 1 

HC Lotion 

HC - ICHQ Cream 

HC - ICHQ Ointment 

HC - DIHQ Cream 

HC - DIHQ Cream 

Total 
Parabens 

0.4 

0.04 

NA 

NA 

o 

HP PP 

0.25 0.14 

0.021 0.014 

0.19 0.09 

0.18 0.10 

0.14 0.02 

0.12 0.05 

ND ND 

ND ND 

0.027 

lSample #4 is same as sample #3 with 2% CQ added. 
2Sample #9 is same as sample fl8 with 0.04LI% HP and 0.028% PP added. 

HC - Hydrocortisone; 
ICHQ - Iodochlorhydroxyquin; 

NAo', - Parabens present in formulations; 
amount not indicated. 

NA - Information not available. 

CQ - Chlorquinaldol 
DIHQ - Diiodohydroxyquin 

ND - No parabens detected by the proposed method. 
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and hydrocortisone was analyzed with and without added PHEA. 

The results shown in Figure 1 indicate that PHEA does not 

interfere with the analysis of UP and PP. It has to be pointed 

out, however, that the proposed method as such cannot be employed 

for the determination of PHEA due to the fact PHEA is retained on 

the HPLC column under the conditions employed. If the quanti-

tat ion of PHBA is desired, one can accomplish this by substituting 

water for pH 6.5 buffer in the mobile phase of HPLC and in the 

final step of the sample preparation. This modification will 

result in the elution of PHEA. However the reproducibility of 

MP and PP quantitations are not satisfactory with the mobile 

phase system that is not buffered. 

In addition to the analysis of iodochlorhydroxyquin lotion, 

the proposed method was also applied to the analysis of parabens 

in some other semi-solid formulations containing one or more of 

the following: iodochlorhydroxyquin, diiodohydroxyquin, chlor­

quinaldol, crotamiton, flumethasone pivalate and hydrocortisone. 

The results, included in Table 3, indicate that the proposed 

method is applicable to these formulations as well. 

The proposed method has two minor disadvantages, first the 

clean-up step is somewhat time consuming. However, the analysis 

time can be shortened by carrying out the complete analysis in one 

step using a short ion-exchange column in front of the HPLC column 

and employing a series of valves in order to automate the clean-up 

steps (24-26). The other minor disadvantage of the method is the 

need for a periodic replacement of the guard column included in 

the HPLC step. The guard column was included in order to elimi­

nate the potential drift in the baseline due to the elution of 

iodochlorhydroxyquin particularly after repeated injection of 

the sample solution. 
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REVERSE-PHASE HPLC OF PROTEINS: EFFECTS OF 
VARIOUS BONDED PHASES 

Randolph V. Lewis and Daryll DeWald 
Department of Biochemistry 

University of Wyoming 
University Station, Box 3944 

Laramie, Wyoming 82071 

ABSTRACT 

A . variety of organic phases bonded to silica can be used 
effectively for the reverse-phase high performance liquid 
chromatography of large proteins. These include octyl, octadecyl, 
cyanopropyl and diphenyl bonded phases. The differences in 
retention characteristics and selectivity among these bonded 
phases is demonstrated with several standard proteins. 

INTRODUCTION 

The use of reverse-phase high performance liquid 

chromatography (hplc) for the separation and purification of 

peptides and small proteins has gained wide acceptance (1). 

This same methodology for large proteins has been used in a few 

instances (2,3) and shows promise for much wider use, The best 

reverse-phase chromatography conditions for large proteins utilize 

large pore silica supports (30-50nm pores) and slow flow rates 
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(2,4). These are necessary due to the size of the larger proteins 

and their slow diffusion rates. Although a variety of organic 

bonded phases have been used for the isolation of peptides and 

small proteins (5,6,7), an examination of various organic bonded 

phases for the reverse-phase chromatography of large proteins has 

not been reported. In this paper we demonstrate that octyl, 

octadecyl, diphenyl, and cyanopropyl bonded phases can be used 

effectively in the reverse-phase hplc of large proteins. In 

addition, the differences in selectivity with these different 

bonded phases is described. 

MATERIALS AND METHODS 

Collagen (M.W. 100,000), S-lactoglobulin-B (M.W. 35,000), 

phosphorylase-B (M.W. 94,000), and human serum albumin 

(M.W. 68,000) were all purchased from Sigma. Pyridine, formic 

acid, propanol, and acetone (all from Baker Chemical Co.) were 

distilled over ninhydrin prior to use. The hplc system used was a 

Spectra-Physics 8700 equipped with a mixing chamber. The post-

column fluorescamine detection system has been described 

previously (8). The chromatography buffers were 0.5M formic acid 

brought to pH 4.0 with pyridine and the same buffer containing 60% 

(v/v) 1-propanol. A flow rate of 0.75mL/min was used for all the 

chromatographies. The columns (4.6 X 250mm) were 'Bakerbond' 

Wide-Pore columns (Baker Chemical Co.) with 33nm pore size. 

Further details are provided in the figure legends. 
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RESULTS AND DISCUSSION 

The advantage of usi.ng 33nm pore suppopts i.nstead of 10mn 

pore supports is demonstrated in Fig. 1. The 33nm pore octyl 

column gives bettep separation of the standard proteins and 
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FIGURE 1. Comparison of 10nm and 33nm pore octyl colum~s. 
Phosphorylase B (10 )Jg), collagen (35 )Jg), human serum albumin 
<7 )Jg) and lactoglobulin B (10 )Jg) were dissolved in " roL of 
starting buffer for injection. This is the elution order of these 
proteins (identified a-d in the figure). The gradient was 1-
propanol, 0-24% in 15 min, 24-48% in 55 min in 0.5M formic acid/ 
0.4M pyridine pH 4.0 with a flow rate of 0.75 mL/min. Panel A is 
a Lichrosorb RP-8 column (10)J particles with 10nm popes). Panel B 
is a "Bakerbond" Hide Pore Octyl column (10 particles .lith 33nm 
pores) • 
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partially separates the ~I and U2 chains of collagen which are 

unresolved on the 10nm pore octyl column. B-lactoglobuUn·~B 

elutes later from the small pore column and shows a small shoulder 

not seen on the large pore column. Thus, it appears that this 

protein is small enough to eff'ect1vely penetrate the smaller 

pores, Although other factors may be influencing the differences 

between these columns none of the 10nm pore supports we have 

tested give resolution comparable to the 33nm pore supports, 

In an effort to determine the effect that the various bonded 

phases would have on the elution of these prote1ns, identical 

amounts of each protein were chromatographed on each of the four 

types of columns using identical gradients (Fig. 2). From this 

figure it is clear that all four bonded phases produce excellent 

resolution. The gradient used was designed to separate these 

proteins on the octyl column. The protein elution times for each 

of the columns is shown in Table 1. Phosphorylase-B is only 

weakly col..aincd (about 1 min beyond l,rash through) on 811 these 

columns. The columns all show good reproducibility and recoveries 

of the proteins ranged from 80-95%. 

The oetyl and octadeeyl columns 8hoi'1 very ,similar elution 

profiles and elution times (Fig. 2A and B, Table 1), although the 

collagen chains are separated to a slightly greater extent on the 

octadecyl support. This similarity is somewhat surpris1ng 1n vj.ew 

of the large di.fference in hydrophob1city between the two bonded 

phases. This leads us to suggest that the ootadeoyl chain may be 
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FIGURE 2. Elution from different bonded phases. 
Proteins and gradient used were the same as in Fig. 1. The 
columns were all "Bakerbond" Wide Pore columns. a) Octyl, 
b) Octadecyl, c) Diphenyl, and d) Cyanopropyl. Protein elution 
order is the same as Fig. 1. 
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Ootyl ('I Omu) ? 

Ooty13 
Ootadeoy13 
Cyanopropy13 
Dipheny13 

E .. ll. 
'( 

'7 
"( 

"( 

'7 

TABLE 

gJ, 
26. ') (0. ') ) 

27,28 (0.3) 
2'7,28 (0.3) 
29.5 (0.2) 
32.5 (0.1) 

LEWIS AND DE WALD 

ELUTION TIME (Min) 
lI§A 

31.5 (0.3) 
34 (0.4) 
33 (0.3) 

36.5 (0.4) 
45.3 (0.3) 

LGB 
45 (0.3) 
41 (0.4) 

38.5 (0. 11) 
41 (0. 11) 

53.5 (0.4) 

lThe times are averages of at least 3 chromatographies with the 
S.E.M. in parentheses. 
2E.M. Merck Liohrosorb octyl oolumn (10W partioles). 
3"Bakerbond" Wide Pore oolumns (33nm pores and 10W partioles). 
All oolumns were 4.6 x 250nm. 
4The peaks are phosphorylase B (PB), collagen (CL), human serum 
albumin (HSA), and S-laotoglobulin B (LGB). 

folding baok on itself under the aqueous conditions employed. 

Another possible explanation is that the proteins we used have no 

hydrophobi.o sites large enough to disoriminate between the two 

di.fferent ohain lengths. Lower ionio strengths or different 

buffer systems might be used to aooentuate differences between 

these two bonded phases. 

The oyano-propyl oolumn shows a slightly different elution 

profile than the two aliphatio oarbon ohain bonded phases 

(Fig. 2D). There is no resolution of the oollagen chains with 

th:Ls bonded phase. However, their elution times, as well as that 

of human serum albumin are later relative to the octyl oolumn (1.5 

and 2.5 min respectively). In oontrast, 6-lactoglobulin-B elutes 

at the same time from both bonded phases. This seleotivity 

differenoe between the oyano-propyl oolumn and the aliphatio chain 

oolumns, indioates these differenoes oan be exploited for protein 
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purifications. 

effective in 

The cyano-propyl bonded phase has been shown to be 

separating small proteins that differ in 

glycosylation (9). These large pore cyano-propyl columns may also 

be useful in this type of application with large proteins. 

Retention times of the standard proteins on the diphenyl 

bonded phase are signj.ficantly different than with the other three 

bonded phases (Fig. 2C). The three retained proteins, collagen, 

human serum albumin, and B-Iactoglobulin-B, elute much later from 

this column, the latter two proteins by 11 and 13 min 

respectively. From this data and data obtained using small pore 

columns with peptides (6) it i.s clear that the diphenyl bonded 

phase is interacting with proteins in a different manner than the 

straight chain bonded phases. It is likely that this interaction 

involves a combination of hydrophobic and aromatic stacking 

effects. Since increased retention times are not seen on a phenyl 

column (unpublished results) it appears the diphenyl group is 

required to obtain stacking with aromatic residues on Uw 

proteins. The smaller effect seen with collagpn may be due to the 

relatively low percentage of aromatio groups in that protein. 

From the results obtained in these studies it is evident that 

larger proteins (M.W. 50,000) can be effectively separated by 

reverse-phase hplc. As has been demonstrated for peptides, the 

use of different organic bonded phases greatly facilitates 

purifications by taking advantage of the differences in 

selectivi.ty among the bonded phases. The proper gradient 
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conditions are very s:tmj.lar for all these bonded phases as was 

demonstrated in Fig. 2 where the same gradient was used for all 

four bonded phases. Thus it is possible to take advantage of the 

differing elution characteristics and selectivity provided by the 

different bonded phases without a great deal of trial and error to 

determine the appropriate buffer and organic modifier conditions. 
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CRUSTACEAN ERYTHROPHORE CONCENTRATLNG 1l0RNONE 

FRON INVERTEBRATE NERVE TISSUE BY RP-IlPLC * 

Howard Jaffe, Narcia Loeb, Dora K, Hayes 
and Nancy Holston 

USDA, ARS, 
Agricultural Environmental Quality Institute 

Beltsville, Nary]and 20705 

ABSTRACT 

A reverse phase···high performance liquid chromatography (rp-· 
hplc) method was developed for the rapid isolation of nanogram 
amounts of crustacean erythrophore concentrating hormone (CECH) 
from invertebrate nerve tissue, Tissue homogenates from the shrimp, 
Paleomenetes pugio, were subjected to a multistep work-·up to remove 
proteins and lipids prior to analysis by rp-hplc, Samples were 
eluted with a concave gradient of 0,1% trifluoroacetic acid (TFA) 
verses acetonitrile, Detection at 210 and 254 nm combined with 
the use of highly efficient and end-·capped columns permitted the 
determination of less than 5 ng of CECH, Pure CECH was isolated 
from the columns by fraction collection followed by lyophilization 
of the volatile TFA buffer, 

INTRODUCTION 

Reverse phase···high performance liquid chromatography (rp-hplc) 

is rapidly becoming the preferred method [or the analysiS and 

isolation of underivatized peptides frol'1 tissue. Recent improve·­

ments in pumps, detectors, and column technology have made it 

* Hention of a commercial product in this paper does not constitute 
an endorsement of this product by the USDA. 
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possible to detect or Lsolate nanogram amounLs of peptide hormones 

[rom tissue samples (1-8). 

Four invertebrate peptide hormones, proctolin (Arg-Tyr-Leu­

Pro-Tbr), locust ac1ipokinetic hormone (LAKIl, ~-Glu-Leu--Asn-Phe­

Thr-·Pro-/\'sn---Trp-GJy-Thr-N1I2), cruslacean erythrophore concentrating 

hormone (CECIl, E-Glu-Leu--/\'sn---Phe---Ser-Pro-Gly-Trp---N1I2 ) and mulluscan 

cardioexcitatory neuropeptide U1CEN, Phe-Met-Arg-Phe--NH2) have been 

isolated, identified (9-16) and have become available commercially. 

In all cases isolation of these pep tides required the processing of 

large numbers of invertebrates followed by size exclusion chromato­

graphy. For example, in the isolation of proctolin (9) 125 kg of 

whole cockroaches, Periplaneta americana, were required to yield 

180 wg of pure peptide suitable for structural analysis. 

Recently, Stone and Mordue (17) suggested the use of reverse 

phase-hplc to isolate small quantities of insect neuropeptides. 

In this paper we describe an hplc method for the rapid isolation of 

nanogram amounts of peptide hormone from invertebrate nerve tissue. 

The method is illustrated by a description of the techniques used 

for the isolation of crustacean erythrophore concentrating hormone 

(CECH) from 32 pairs of eyestalks removed from the shrimp, 

Paleomenetes pugio. The average weight of an eyestalk is 2 mg. 

MATERIALS AND METHODS 

Chcmicals. 

Triethylamine (Fisher, Uplc Grade)l was purified by fractional 

distillation through a short Vigreaux column. The middle fraction 

was further purified by passage through a C18 Sep-Pak (Waters 

Associates). Phosphoric acid (Fisher, Ilplc Grade) was used without 

further purification. Triethylammonium phosphate buffer (TEAP) at 

pH 2.20 was prepared by the method of Rivier (18). Trifluoroacetic 

acid (TFA, Baker, Analyzed Reagent Grade) was purified by fractional 

distillation through a short Vigreaux column and the middle fraction 

was taken. Uplc grade water was obtained from a Milli-Q System 

(Millipore). Acetonitrile (Burdick & Jackson or Fisher, Hplc Grade), 
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ethy] acetate (Fisher, Hpic Grade), methanol (Burdick & Jackson and 

acetic acid (Baker, Ultrex Grade) were used without further purifi­

cat i on. Pept Ldes (Penlnsu] a or SI gma) were stored i.n the free?:er. 

Standard peptide solutions were made up at 0.50 ± .04 mg in 50 ml 

0.1% TFA and stored in the refrigerator. 

Crustaceans. 

P. pugio (Gulf Specimen Co) were kept in salt water aquaria. 

Live female lobsters, Homarus americanus, were purchased from a 

local distributor and used immediately. 

Hplc. 

The hplc system consisted of a gradient liquid chromatograph 

(l.faters Associates) equipped with a Model 660 solvent programmer, 

Model U6K injector, two Model 6000A pumps, Model 440 absorbance 

detector and Model 450 variable wavelength detector. The latter 

was connected to a Model MM 700 memory module (Schoeffel) to 

provide baseline correction when necessary during the course of the 

gradient at low wavelengths. 

The columns, Supelcosil LC-18DB (Supelco) or Zorbax C-8 

(Dupont) were protected by means of a short guard column of Pelli­

guard LC-18 (Supelco). Aqueous buffer was filtered and degassed 

through a type HA filter (Millipore); acetonitrile solutions through 

a type HF filter. The aqueous buffer was passed through a 61 x 

0.78 cm column of Bondapak C18/Porasil B (Haters Associates) in­

stalled in line between the high pressure output of the aqueous 

pump and the mi.xer (Figure 1). 

The columns were equilibrated by running several cycles of the 

gradient over 1 min followed by isocratic elution at the starting 

conditions until a stable baseline was achieved. Samples were ap­

plied to the equilibrated columns which were then eluted with a 

concave gradient (Curve 5) of 90--> 40% aqueous buffer. Buffer 

systems and optimal hplc conditions as determined experimentally 

are described in Table 1. The elution was monitored simultaneously 

at 254 nrn (0.01 AUFS) and 210 or 195 nm (0.1 AUFS). 
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FIGURE 1. Schematic diagram of hplc system. Dashed lines are 
electrical connections. 
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TABLE I 
Buffer Systems and Hplc Conditions Used for Analysis 

and Isolation of Invertebrate Neuropeptides 

Aqueous Organic 
Phase B Hodifier A UV Detection (llln) lIplc Conditions 

0.25N TEAP Acetonitrile 254,195 9(}---> 40% B/1.0 
pH 2.20 1.1 ml/min (curve 

0.1% TFA 0.1% TFA in 254,210 9(}---> 40% B/1.0 
Acetonitrile 1.0 ml/min (curve 

Sample preparation. 

1379 

h/ 
5) 

h/ 
5) 

Pairs of eyestalks from as few as 10 shrimp, ~. pugio, or 

eyestalks and brain from the lobster, !!. americanus, were removed 

and immediately placed in 1 ml of chilled methanol-water-acetic acid 

(90:9:1 by vol) in a 1.5 ml polyethylene centrifuge tube (Sarstedt). 

The tissue was homogenized with a Polytron homogenizer (Brinkmann) 

equipped with a PT 7 micro probe generatol:'. The homogenate was 

centrifuged in a Hodel RC-3B refrigerated centrifuge (Sorvall) at 

4000 rpm at 5°C for 30 min. The supernatant was transferred into 

a clean 1.5 ml polyethylene centrifuge tube and concentrated to 

minimal volume under a stream of nitrogen. The resulting sample 

was taken up in 1 ml of 0.1% TFA and extracted with ethyl acetate 

(3x). The ethyl acetate layer was removed by decantation. Residual 

ethyl acetate was removed under a stream of nitrogen. Final filtra­

tion was accomplished by use of a centrifugal filtration apparatus 

(Rainin) equipped with a 0.45 Ny10n--66 membrane fUtel:' centrifuged 

at 1500 rpm fol:' 10 min at 5°C. 

Peptide isolation. 

The entire filtered sample «1 ml) was taken up in 1 cc 

dispensable plastic syringe (Becton-Dickenson) equipped with a 

N725 stainless steel needle (Hamilton) and injected into the hplc 

apparatus. The gradient was begun immediately upon injection. 

Fractions were collected in polyethylene vials and lyophilized in 
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a Model 25SRG freeze dryer (Virtis) equipped with a soda trap and 

outside venting of the vacuum pump. The resulting freeze dried 

samples were taken up in 100 or 200 ]11 of 2.7% NaC1 for bioassay. 

Bioassay. 

Peptides and fractions were assayed for their erythrophore 

concentrating activity as previously described (19) by injecting 

them into the shrimp, .!'.. pugio; induced erythrophore contractions 

were then assigned values according to the scale of Hogben and Slome 

(20). Effects of standard solutions of synthetic GECH in 2.7% NaCl 

on the shrimp erythophores were measured at various times following 

the injection. Injections (10 ]11) were made into shrimp whose 

eyestalks had been removed 24 hr earlier. 

RESULTS AND DISCUSSION 

Many buffer systems have been proposed for reverse phase-hplc 

of peptides, but in our experience the most versatile for the 

analysis of a wide range of peptides and small proteins is triethyl­

ammonium phosphate (TEAP) vs acetonitrile. This buffer system, 

first described by Rivier (18), is characterized by its UV trans­

parency down to 190 nm and its excellent resolution. We have re­

cently reported (21) on the use of this buffer system at pH 2.20 

in a concave gradient of 90---> 40% TEAP combined with a highly 

efficient, end-capped column (Supe1cosil LG-18DB) to analyze 

small synthetic invertebrate pep tides as well as larger peptides 

such as insulin (Figure 2). Simultaneous detection at 254 and 

195 nm permitted peak ratioing and detection of less than 5 ng of 

peptide. The TEAP buffer system is also characterized by its 

excellent recovery of peptides. Peptide peaks collected from the 

columns could be reinjected after removal of acetonitrile with 

little loss of peak height. (Table 2). However, despite the fact 

that TEAP buffer has been reported (18) to be compatible with most 

biological systems both in vitro and in vivo, we have found that 

0.25N TEAP at pH 2.20 interfered with the bioassay of CECH and 

LAKH (13). Since TEAP was non-volatile, high salt concentrations 
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TABLE 7. 
Recovery of Peptides from the Supelcosil LC-180B 

Column Usi.ng TEAl' and TFII. Buffersa 

Peptide 

Proctolin 
leu-enkephalin 
met-enkephalin 
LAKH 
CECH 

% Recovery 
TEAPb TFAc 

71 
61 
94 

90 
70 
90 
81 
66 

a. Buffer and hplc conditions are described in Table 1. 
b. Sample reinjected after removal of acetonitrile under 

ni.trogen. 
c. Sample reinjected in 0.1 ml 0.1% TFA after lyophilization. 

would be expected when hplc peptide fractions were concentrated 

prior to bioassay. TEAP-obtained fractions proved to be toxic to 

bioassay animals and therefore undesirable for bioassay purposes. 

A buffer system which eliminates these problems and allows us 

to lyophilize fractions containing nanogram amounts of peptides 

for later uptake in physiologically compatible solutions is 0.1% 

TFA vs acetonitrile (2, 22, 23); it is volatile and yet, like 

TEAP, is characterized by excellent resolution of small synthetic 

invertebrate peptides as well as larger peptides such as insulin 

(Figure 3). Recovery of lyophilized peptide fractions collected 

from the columns is excellent (Table 2). A disadvantage of the 

TFA buffer is its UV absorption at low wavelengths. Nevertheless, 

0.1% TFA buffer can be run as low as 210 nm without excessive base­

line drift by addition of 0.1% TFA to the acetonitrile, so that the 

TFA concentration does not change during the course of the gradient. 

However, the absorbance of CECH in 0.1% TFA at 210 nm is about 

50% less than in 0.25N TEAP (pH 2.20) at 195 nm (Figure 4). 

We have utilized the 0.1% TFA buffer as a basis for develop­

ment of a method for the rapid isolation of nanogram amounts of 

neuropeptides from small amounts of invertebrate tissue. The 
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FIGURE 3. Analysis of four invertebrate neuropeptides and insulins 
with TFA buffer on the Supelcosil LC-18DB column. Buffer system 
and hplc conditions are described in Table 1. 
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FIGURE 4. Regression analysis of data resulting from plotting peak 
height (cm) versus ng CECH injected over the range of 4.8-38.4 ng 
on the Supelcosil LC-18DB column with TEAP and TFA buffer systems. 
Buffer systems and hplc conditions are described in Table 1. 

method, which involves several preliminary clean-up steps followed 

by reverse phase-hplc, is illustrated by the isolation of CECH 

from eyes talks of ~. pugio. Eyestalks were homogenized in chilled 

acidic methanol to precipitate protein. The solvent system employed 

for this step, methanol-water-acetic acid (90:9:1 by vol) has 

previously been used by Holman and Cook (24) to homogenize insect 

tissue in the isolation of proctolin. Methanol was removed, lipids 

were extracted, and the sample was injected into the instrument 

with a plastic syringe after a final centrifugal filtration. Each 

step was designed to minimize losses. Therefore inert plastic was 

used throughout because CECH, like many other peptides, has been 

reported to adhere to glass (19). In addition, strongly acidic 

conditions were employed throughout to inhibit the action of any 

peptidases present. 

Figure 5 is a representative elution profile for the isolation 

of CECH from the eyestalks of 32 ~. pugio. The small sharp peak 

eluting at 51.5 min was identified as CECH by its retention time, 

absorbance peak ratio of 210 nm/254 nm, and bioassay of the collect­

ed peak. The CECH peak was readily observed with samples derived 
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FIGURE 5. Elution profile for the isolation of CECH from the 
eyestalks of 32 P. pugio on the Supelcosil LC-18DB column with TFA 
buffer. Buffer system and hplc conditions are described in Table 1. 
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TABLE 3 
Absorbance Ratio for Invertebrate Neuropeptides on 

the Supelcosil LC-18DB-TFA and Zorbax C-S-TEAP Systems 

Peptide 

Proctolin 
HCEN 
LAKH 
CECH (synthetic) 
CECH (natural) 

Absorbance Ratioa 

Supelcosil LC-lSDB Zorbax C-S-
-TFAb TEAPb 

5.13 
5.S6 
1.63 
1.62 
1.62 

25.14 
21. 90 

3.82 
3.46 
3.46 

a. A210 nn/A254 nm for TFA, A195 nm/A254 nm for TEAP, A210 nm 

and A195 nm at 0.1 AUFS, A254 nm at 0.01 AUFS, 

b Buffer and hplc conditions are described in Table 1. 

from as few as 10 pairs of eyestalks (20 mg). Homogeneity of the 

peak at 51.S min was confirmed by analysis on another hplc system. 

Thus the peak at 51,S min was collected and analyzed with TEAP buffer 

on a Zorbax C-S column, after removal of acetonitrile. This column 

and buffer system has been previously reported by us (21) to give 

excellent resolution and sensitivity with invertebrate neuropeptides. 

The resulting peak on the Zorbax C-8 column at 49.9 min was sharp 

and had a retention time and absorbance peak ratio Crable 3) 

consistent with a pure sample of CECH. 

The simultaneous monitoring at two wavelengths, 254 and 195 nm 

(for TEAP) or 210 nm (for TFA) enables the measurement of absorbance 

peak ratios. The calculation of these ratios has been described 

(25) as perhaps the most useful of all spectroscopic procedures in 

liquid chromatography. Absorbance peak ratios for the invertebrate 

neuropeptides on the Zorbax C-8 and Supelcosil LC-lSDB columns for 

the TFA and TEAp buffers are listed in Table 3. 

Retention times of the invertebrate neuropeptides proctolin, 

HCEN, LAKH, AND CECH were repeatable within 1 min over the course 

of this study. However, as expected, there was some deterioration 

of the columns with use as evidenced by peak broadening. 
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FIGURE 6. Effects of CECH on the erythrophores of P. pugio. Each 
point represents the mean response of at least 5 animals to 
10 ~l injections of the following samples: A. Control (2.7% 
NaCl), B. 0.11 pmol synthetic CECH, C. Natural CECH (1/20 of the 
collected CECH peak in Fig. 5 after lyophilization), D. 0.55 pmol 
synthetic CECIl and E. 2.20 plllol synthetic CECIl. 

As shown in Figure 6, the bioassay for erythrophore concentra­

ting activity in ~. pugio detects as little as 0.1 pmol of CECIL 

The peak at 51.5 min shown in Figure 5 was determined by our 

standard load response curve (Figure 4) to correspond to 28 ng of 

CECH. Bioassay of this collected peak after lypholization was 

positive with 1/20 of this material giving an unequivocal positive 

response (Figure 6). 

In order to test the recovery of peptides in a biological 

sample, known quantities of commercially available peptides were 



1388 JAFFE ET AL. 

TABLE 4 
Recovery of Synthetic Invertebrate Neuropeptides by Hplc 

from Lobster Nerve Tissue Homogenates 

Peptidea 

Proctolin 
LAKH 
CECil 

% Recoveryb 

59 
74 
78 

a. Lobster homogenates were spiked with 1.0 ~g of each peptide 
and worked-up by the method described above. 

b. Spiked samples were analyzed on the Supelcosil LC-18DB 
column with TFA buffer as described above. 

added to brain and eyestalk tissue of the lobster, ~. americanus, 

and the samples processed by our method. Recoveries shown in 

Table 4 were 59-78%. As an additional test of our methods, 

lobster brain tissue samples were processed by our method and a 

fraction collected between 50-60 min was examined for CECH activity 

by bioassay. Results were positive indicating the presence of 

CECH-like activity in that fraction. No attempt was made to 

further isolate or purify any hormone from the fraction. 

We believe our hplc method of isolation of CECH from shrimp 

eyes talks to be a distinct improvement over previously described 

methods of isolation of the hormone in that we start with much 

smaller amounts of tissue and utilize only one highly efficient 

chromatographic separation to yield hplc-pure material. 

By contrast, isolation of CECl-I from eyestalks of Pandalus borealis 

by Fernlund and JosefssoLl required 100 g of freeze-dried eyes talks 

and four time consuming Sephadex separations to yield 20 ~g of pure 

hormone (26). 

Our method, illustrated by the isolation of CECI-I, should be 

adaptable to the identification of a wide range of peptides from 

invertebrate nerve tissue. In the case where hplc separation is 

insufficient to resolve the desired peptide from closely eluting 

peaks, two consecutive hplc separations on different systems could 

be employed. The first could utilize the non-volatile TEAP buffer, 
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followed by the TFA buffer from which isolation of the peptide by 

lyophilization would be possible. The same or different columns 

could be employed for the hplc separations. 

In summary, a technique is described which allows the rapid 

and routine identification and purification of nanogram amounts 

of peptide hormones from mg amounts of invertebrate tissue. The 

method is based on the superior separation power of hplc, is fast, 

simple, and should be adaptable to a wide range of peptide hormones. 
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LETTER: 

ON THE PROBLEM OF MEASURING t 
o 

Dear Sir, 

He read ,,,ith much interest the recent paper of Neidhart et .al. 

,,,hich appeared recently in this Journal (1). The problem of to' the 

so called "void time" or "inert time" is indeed a difficult one. 

Several reports have appeared recently discussing the measurement of 

to (e.g.2). The paper by Neidhart et.al.(I), hm"ever, raises some 

questions as to its validity. Take ,for example,the dead time determi­

nation using the Nucleosil 10-C 1S column. From the given dimensions 

of the column - 25 cm length and 2.9 mm i.d- its empty volume is 

calculated to be 1.65 mL. Yet, the to calculated for that column was 

about 2.05 min.""hich at a flow rate of I mL/min (as indicated by 

the authors), means a void volume of 2.05 mL. It is hard to imagine 

a column ,,,hose total porosity is greater than ~ Similar calculations 

for the other columns shm" that, Hhile the void volume is less nm" 

than that of the unpacked columns, the porosities are much too high, 

e.g. 0.9. These findings require an explanation. Could it be that the 

dead volume of the system Has very large ? 

He tried to apply the approach of Neidhard et a1. to the data of Vigh 

and Varga-Puchony (3). Table IV of reference 3 shoHS that ~H values of 

n-hexanal-dinitrophenylhydrazone and 2-n-hexanone-dinitophenylhydrazone 

are almost the same - 4.17 kcal/mole vs-4. 15 kcal/mole. For such a 

system,t
o 

should be obtainable via equation 6 of ref. 1. Since Vigh 

and Varga-Puchony did not report tR values, ",e assumed to of I and 

have calculated "appearent tR" values from the given capacity ratios. 

Hhen these tR values are used in conjunction Hith equation 6 of ref. 1, 
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to of 1 should result. However, the value obtained depends on the two 

temperatures chosen . For instance if TI is 20°C and T2 60°C, then 

to is .786; if 1'2 is 43.6°C, then to is O./fO/f, last, if TI is 43.6°C 

and 1'2 60°C, then to is 1.101. The problem lies in the assumption 

used to arrive at equation 6 of ref. I. If the LS values of the two 

solutes are very similar then, using the notation of ref. I, we have: 

tRB (T 1) 

and 

In such a case equation 6 of ref. 1 demands very high precision of 

the measured tR values, and its practicality diminishes. When the 

LH and LS values of the solutes are the same, the equation cannot be 

used. In that connection,it is not clear to us why the retention 

times in Fig.l of ref. 1 are so different when the reported LH and ko 

(a measure of LS) are so close in magnitude. 

In summary, the method given in ref. 1 should be used, if at 

all, only after careful examination of the chromatographic parame-

ters. 
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LETTER: 

THE PRINCIPLE OF MEASURING to REMAINS UNCHANGED 

Dear Sir, 

We acknowledge the preceeding comment of Grushka et.al. 

on our paper concerning the determination of to by tempe­

rature dependent RP-HPLC (1) which reveals, that the pro­

blem of measuring to is still far from being completely 

solved on a pure theoretical basis. This means that all 

methods for measuring to' known so far, are more or less 

restricted concerning their validity. The limits of vali­

dity of each single method are difficult to predict and 

therefore still discussed controversively (see e.g. ref. 2 

of ref.1). At any rate, it must be taken into account that 

mathematical equations, which have been derived under de­

fined assumptions are only used for data handling if the 

stated assumptions are fulfilled. 

If the ~ S values of the two solutes are very similar, it 

is obvious that eq.6 of ref. 1 cannot be used as the fac­

tors a and b in eq. 5 of ref. 1 are equal, which turns the 

denominator of eq. 6 to zero. In order to check eq. 6 of 

ref. 1, Grushka et.al. have used by chance the data of two 

compounds which in the system of Vigh and Varga-Puchony (2) f 

have almost identical ~ S values (1k o / 2ko = 1.04). In t.he 

system noradrenaline - adrenaline which we used, the ratio 

1ko / 2ko ranged between ~2.5 and ~3.5. Furthermore eq.4 

of ref. 1 should only be used if eq. 1 of ref. 1 is valid 

within a wide temperature range, taking into consideration 
2 T2 . T3 

the condition 
+ 

from ref. 5 of ref. 1. 
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The latter condition of equidistant lIT values was, to our 

excuse, mixed up in equation 4 of ref. 1. Concerning the 

precision of measuring to ' using the intersecting point 

method of ref. 1 ,the graphic evaluation of the data is re­

commended for a better rating of the errors. 

Comming from the more practical side of HPLC, we have de­

termined, calculated, and compared to values of the whole 

chromatographic system, including the dead volumes, which 

indeed led to "apparent to" values (£ ,.. 0.9). This fact, 

however, was of no consequence concerning the aim of the 

study, which was the development and proof of a new method 

for the determination of to values, which should not re­

place but supply the already known methods. 

We agree with Grushka et.al. that the method described in 

ref. (like all other methods for measuring to) should be 

used only after careful examination of the chromatographic 

parameters, and we add, that it should be used only by those 

who have great practical experience in HPLC. 

Institut fur Arbeitsphysiologie 
an der Universitat Dortmund 

ArdeystraSe 67, D-4600 Dortmund 
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LC NEWS 

GEL PERMEATION CHROMATOGRAPHY (GPC) SOFTWARE 
PACKAGE provides fast, accurate and automatic 
calculation of molecular weight averages and 
distributions. An interactive CRT display 
simplifies system operation and speeds analytical 
procedures by guiding an operator with English 
proms. Analytical data can be archived on floppy 
disks, allowing future recalculation with 
reinjection. This package also proves extensive 
polymer peaks processing, including baseline 
corrections. Varian Instrument Group, JLC/82/7, 
611 Hansen Way, Palo Alto, CA, 94303, USA. 

DUAL VARIABLE WAVELENGTH DETECTOR l'"IC'W avai lable. 
This UV/VIS detector simultaneously measures light 
absorbance at two selectable wavelengths. This 
dual wavelength dectecability gives the 
chromatographer another tool to speed HPLC 
analyses by allowing him to measure compounds not 
fully ~esolved. This detector also provides 
accurate quantitation of unresolved components 
through selective elimination of an interfering 
peak. The dual wavelength detector is also 
readily adaptable to existing LC component systems 
for maximum flexibility. Micromeritics Instrument 
Corporation, JLC/82/7, 5680 Goshen Springs Road, 
Norcross, GA, 30093, USA. 

AMPEROMETRIC CONTROLLER FOR ELECTROCHEMICAL 
DETECTION IN LC is a low cost and compact 
instrument suitable for your quality control, 
clinical, or routine-testing laboraotry. This 
model features potential adjustment via a 
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thumbwheel switch over a range of 0 +1- 1.99 V. 
Background currents may be offset over a range of 
o to 100 nR, making it suitable for most low 
potential oxidative and reductive applications. 
Bioanalytical Systems Inc., JLC/82/7, 111 Lorene 
Place, West Lafayette, IN, 4790b USR. 

UNIVERSRL COMPUTING SRMPLE PROCESSING SYSTEM is 
designed to provide complete flexibility for 
handling liquid in a clinical environment. Up to 
500 samples carl be loaded i Ylto the arlalyzer tubes 
quickly and accurately with samples as small as 5 
ul and reagent volumes up to 1 mi. Designed to 
be extremely flexible, this system offers an 
efficient way to handle liquid or transfer 
operations, including pipetting and diluting 
samples. Hamilton Company, JLC/82/7, Reno, NV, 
89510 USR. 

HPLC PRCKINGS RRE SILICA BASED borlded phases in 3, 
5, and 8 micron particles. They are said to have 
higher performance due te. the maximum covet'age 
morlo-layer e.f be.rlded phase e'YI the si 1 ica, aYld 
narrow p~rticle size distribution. High surface 
coverage ensures maximum stability and a minimum 
of solute accessable silanols. Rpplied Science 
Division, Milton Roy Co., JCL/82/7, P. O. BOX 440, 
State College, PR, 16801, USA. 

FAST PROTEIN LIQUID CHROMATOGRAPHY (FPLC) 
separates mixtures of proteins, peptides, and 
polynucleotides with excellent resolution, usually 
in 30 minutes or less. Fractionations of as much 
as 25 mg proteiYI per rurl are achieved by iOYI 
exchange chromatography or chromatofocusing. R 
comprehensive methodology handbook provides a 
practical guide to obtaining optimum results. 
Pharmacia Fine Chemicals, Inc., JLC/82/7, 800 
CeYlteYll'"Iial Avenue, Piscataway, NJ, 08854, USR. 

NEW COLUMNS FOR OLD column replacem~nt service 
permits chromatographers to send irl their old, 
obsolete colufllYls to be emptied, cleaned, arid 
repacked with the packing material of their 
choice. ColumYls are returYled with a fl..lll 
evaluation report, as for new HPLC columns. HPLC 
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Technology, JLCIB2/7, P.O.Box 7000-196, 
Verdes Peninsula, CA, 90274, USA. 

EXPANDABLE COMMUNICATION SYSTEM for 

1399 

Palos 

the 
chromatography lab uses a simple 3-wire connection 
to integrate chromatographs and data systems into 
an integrated network. This approach eliminates 
the need for a system controller or host computer 
to control communications. It can be interfaced 
with CRT terminals, printers, modems, computers 
via a communications interface board. 
Spectra-Physics, JLCIB2/7, 3333 North First 
Street, San Jose, CA, 95134, USA. 

ABSORBANCE DETECTOR FOR HPLC offers levels of 
sensitivity unparalleled by other variable 
wavelength UV-VIS detector. It operates from 190 
to 700 Ylm at sensitivities from .001 to 2.999 AUFS 
with typical noise levels less than .00002 AU and 
includes automatic baseline zero, a built-in 
elution timer, dual range recorder outputs and 
front panel self-diagnostics. Kratos Analytical 
Instruments, JLC/82/7, 24 Booker Street, Westwood, 
NJ, 07675, USA. 

SHORT HPLC COLUMNS perfc.rm maYIY aYlalyses faster 
arid with reduced sol vent cOYlsumpt ion. 
Three-micron diameter packing materials yield 
efficiencies comparable tc. longer COYlvent iC'Ylal 
columns. Advanced bc.rldiYlg and packing techrlc.logy 
combine to assure long column lifetimes and 
consistent performance. Rainin Instrument Co., 
JLCIB2/7, Mack Rd., Woburn, MA, 01B01, USA. 

ION CHROMATOGRAPHY USES ST~NDARD HPLC EQUIPMENT 
wi th RI detect ion. It uses arl anic'Y"t excharlge 
process, with aromatic cou~ter-ions to make 
inorganic anions detectable at the sub-ppm level 
with an ordinary RI detector. Chrompack, BV, 
JLCIB2/7, P.D.Box 3, 4330 AA Middelburg, The 
Netherl aYtds. 

FIVE MICRON STEEL COLUMN guarantees high 
efficiency, speed, and column-to-column 
reproducibility. It combines spherical particles 
with the fast throughput of a 15 cm column. 35 
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chromatographic parameters and 56 physical and 
chemical parameters are controlled during 
production to ensure optimum reliability and 
separations. Typically, 90,000 plates per meter 
are achieved with pressure less than 1000 psi at 
0.7 ml/min (21 degrees C.). Waters Associates, 
Inc., JLC/82/7, 34 Maple Street, Milford, MA, 
01757, USA. 



JOURNAL OF LIQUID CIIROMATOGRArIIY, 5(7), HOl··JJIOLf (1982) 

JUNE 28 - JULY 
Yc.rk City. 
Post-graduate 
New York, NY, 

LC CALENDAR 

1982 

2: Fc.rensic Sciences Symposium, New 
Cont act: New Y c.r k Un i vers i t Y 
Medical School, 550 First Avenue, 

10016, USA. 

JULY 12 16: 2r,d Int'l. Symposium on 
Macromolecules-IUPAC, University of Massachusetts, 
Amherst, MA, USA. Corltact: J. C. W. Chien, Dept. 
of Polymer Science & Engineering, Univ. of Mass., 
Amherst, MA, 01003, USA. 

JULY 12 16: 8th Int'l. Conf. on Organic 
Cc.at ir,gs Science & Technology, Athens, Breece. 
Contact: A. V. Patsos, Science Bldg., SUNY, New 
Paltz, NY, 12561, USA. 

JULY 19 22: 23rd Prague Microsymposium on 
Macromolecules: Selective Polymeric Sorbents 
IUPAC, Iinst. c.f Macromc.lecular Chem., Prague, 
Czechoslovakia. Contact: P. M. M. Secretariat, 
Inst. of Macromc.lecular Chem., 162-06 Prague, 
Czechoslovakia. 

AUGUST 2 - 5: Intll. Conf. on Ion Chromo, at the 
24th Rocky Mountain Conf., Denver, CO, USA. 
CO),",tact: Dior,ex Corp., 1228 Titan Way, Sunnyvale, 
CA, 94086, USA. 

AUGUST 8 - 13: 34t h Arll'"tua I AACC Nat' 1. Meet i ng, 
Anaheim, CA. Contact: M. Tuttle, Amer. Assoc. of 
Clinical Chemists, 1725 K Street, NW, Suite 903, 
Washington, DC, 20006, USA. 
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AUGUST 15 21: 12th Int'l. of Biochem., 
Perth, Western Australia. Contact: Brian Thorpe 9 

Biochem., Faculty of Science, Australian 
National University, Canberra A.C.T. 2600, 
Austral. ia .. 

SEPTEMBER 12 17: National Amer. Chem. Soc. 
MeetiYlg, Kcmsas City, MO, USA. COl'ltact: A. T. 
WiYlstead, Amera Chem. Soc., 1155 Sixteenth St. NW, 
Washington, DC, 20036, USA. 

SEPTEMBER 13 17: 14th Int'1. Symposiurn on 
Chromatography, London. Contact: Mrs. Jennifer 
Chalis, Chromatography Discussion Group, Trent 
PolytechYlic, Burton Street, Nottingham NGI 4BU, 
U.K. 

OCTOBER 10 13: 21st Am'lual Mtg. elf ASTM 
Commi ttee E-19 OYI the Pract ice of Chromatography, 
Marriott Hotel, New Orleans. Contact Mr K. 
Riley, ASTM Headquarters, 1916 Race Street, 
Philadelphia, PA, 19103, USA. 

OCTOBER 21 - 22: 21',d Wc.rkshop On LC/MS and MS/MS, 
Mai SOl'"I des COYlgres, Mc.ntreux, Swi tzerlal'Id. 
Spol'lsored by Int'1. Assoc. of Environmental AYlal. 
Chem. Contact: Dr. Alain Donzel, Workshop Office, 
Case Postale 5, CH-1052 La Mont-sur Lausanne, 
Switzerland. 

NOVEMBER 2 5: 1st Inter-American 
Forensic Medicine and Sciences, 
Assoc. of Forensic Sci., Sacramento, 
John D. DeHaan, Calif. Department of 
Box 13337, Sacramento, CA 95813,USA. 

COYlyy'eSS i (, 
Pan-American 

CA. COYltact = 
Justice Lab. 

NOVEMBER 11 14: Appl ied Seminar for the 
Association of Clincial Scientists, Chicago, IL. 
Contact: Dr. F. M. Sunderman, Jr., Dept. of Lab. 
Medicil'Ie, Uyliv. of COYtl'"Iecticut School of Medicine, 
263 Farmington Avenue, Farmington, CT 06032. 

NOVEMBER 16 18: Medical and Laboratory 
Instrumentation Soc. Annual Int'l. Congress and 
Exhibition,' Sheraton-Washington Hotel, Washington, 
DC. Contact: Jc.hYI Wolf, MLIS, 1131121 Palisades 
Court, Kensington, MD, 2121895, USR. 
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NOVEMBER 17 18: Eastern Rnalytical Symposium, 
Statler-Hilton Hotel. New York. Contact: Dr. H. 
Issag, Frederick Cancer Res. Facility, P.O. Box B, 
Frederick, MD, 21701, USA, or Dr. D. Strumeyer, 
Rutgers University, Chem. Dept, New Brunswick, NJ 
08903. 

DECEMBER 5 8: 
Symposium-Advances 
Parsi ppay,y, NJ. 
Hospital of the 
Philadelphia, PA, 

in TLC, 
CClntact: 
Uy,i versi ty 

19104, USA. 

1983 

3rd Biannual TLC 
Hi I tCln Hote I, 

J.C. Touchstone, 
of Pennsylvania, 

MARCH 20 - 25: National Amer. Chem. Soc. Meeting, 
Seattle, WA, USA. Contact: A. T. Winstead, Amer. 
Chem. Soc., 1155 Sixteenth St., NW, Washington, 
DC, 20035, USA. 

MAY 30 JUNE 3: I y,t ern at i ona I Coy,ference on 
Chromatographic Detectors, Melbourne University. 
Coy,tact: The Secretary, Internat iClnal Coy,ference 
on Chromatographic Detectors, University of 
Melbourne, Parkville, Victoria, Australia 3052. 

JULY: 3rd Int'l. Flavor Conf., Amer. Chem. Soc., 
The Corfu Hilton, Corfu, Greece. Contact: Dr. S. 
s. Kazeniac, Campbell Inst. for Food Research 
Campbell Place, Camden, NJ, 08101, USA. 

JULY 17 - 23: SAC 1983 InternatioY,al Conference 
and Exhibition on Rnalytical Chemistry, The 
University of Edinburgh, United Kingdom. Contact: 
The Secretary, Analytical Division, Royal Society 
of Chemistry, BurlingtoY, House, Loy,don W1V 0BV, 
Ul'",ited Kingdon. 

The Journal of Liquid Chromatography 
will publish announcements of LC 
meet i y,gs ay,d symposi a in each issue of 
The Journal. To be listed in the LC 
Calendar, we will need to know: Name of 
meeting or symposium, sponsoring 
organization, when and where it will be 
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held, and whom to contact for additional 
details. You are invited to send 
announcements for inclusion in the LC 
Calendar to Dr. Jack Cazes, Editor, 
Journal of Liquid Chromatography, P. O. 
Box 1440-SMS, Fairfield, CT, 06430, USA. 



a valuable source of problem-solving informat ion . .. 
for analytical chemists, forensic scientists, pharmaceutical scientists , 

biologists, microbiologists, and clinical chemists . .. 

(Chromatog raphic Science Series, Volume1.7) 
BERNARD FRIED and JOSEPH SHERMA January, 1982 
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T
Ht N'LA YER CHROMATO(;RAPHY (TLC) is experiencing a rebirth as a result of the recent development of higher­
efficiency technology. Thi~ versatile separation t echniq ue is si~pler to use than other chroma tographi c met h­
ods , offering separatlOn sClenllsts faster results JI1 greater detail and at lower cost. The authors of Thill-Layer 

Chromatography: Techniques and Applications masterfully present the pri nciples. practices, and applications of 
this method. Designed specifically for those without extensive training in analy ti cal chemistry, this volume 

• presents the first modern , se lf-teaching treatment of this inexpensive technique 

• offers a valuable source of practical, problem-solving infornlation for th e scientist using TLC 

• introduces TLC for use as an aid in solving bas ic and applied problems for scientis ts considering this 
techn ique 

• serves as an aid for the introduction ofTL(, into the classroom, presenting various detailed experime nts 
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a monumental work on the analysis of drugs . .. 

for analytical chemists, forensic scientists, pharmaceutical scientists, 
biologists, microbiologists, and clinical chemists . .. 

GLC and HPLC Determination 
of Therapeutic Drugs 

(Chromatographic SCience Series. Volume 9) 

PART 3 PART 2 PART I 
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editors' stared purpose amI af rhe same lime gil'(!s the 

reac/erwilip-to-datealld IIsefiil GLCal/(/ IIPLCculll­

pelie/fulJI Oil rherapeuth' druX Il/onitoring. If C(in he re~ 

C()I}UJu!/u/ed to all la/Jora/()nes amI indiridlla/s c()n­

cerlled Wilh drug allal.l'sis " 

-William L Gyure, Therapemic Drug 
Monitoring (Revll;w of Parts !-3) 

"Legihility alld cOll111rehensiOl/ of (lte maleria/ is jl/r­

liter enhallced hy Ihe good (IUalily oj Ihe printing ulld 
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cal tey! H'Uh assay methods, of high reliahilir.I' alld 

dCllew/ahilitl' as claimed ill the prej{/('(' of Ihe issue 

-·Paul Vouros, Journal of MedIcinal Chemistry 
(Rc\!t'w of Parts 2 ;HHI ~l 

"Tllis ~'(,colld )'o//(IJ/e (,()lItlllllCS all inteJl\'ll'C treal/}/cn! 

of methods of (lllull'sis ()j the classes of cltemica/ COIJ/-
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thorough. " . Cancer BIOchemIstry & Biophysics 
(RC\'H~W of Part 2) 
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"Tllls pollllJlc . COJ/fai}/.\ J 3 specialisf artie/es on 

practical aspects of chromatography. The articles 

(coJJling ji'ulJl dz/'f"erellf auth()rs) are H'rillell crit­

ical/l' and c1ear/t', and a high standard is Illaintained." 

-J. E. Page, Chemistry and Industry 
(Review of Part l) 

the t'ditors and the authors ()f the indil'idual 

chaplers haFf.! dOll£' (l must creditahle juh ill /Jill ling tu­
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up-t()-datf! technology ill tllis area ,Hol'e significantly, 
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Parts .: and 3 this is (l well-l)rt!pared publication 
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-Paul Vouros, Journal of Medicinal Chemistry 

(Revlt;'w of Part [) 
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"'PI'IC[' IS JOr;: /I/ghc/, oUlsuie (hc US, alld CaJlada. ,'UI/mels (jre sIlbWCl 10 change 

H'lfiJOlll IlUliC(,. Pa,l'mellls shoulJ he made III U,)'. currency, 

Tah/es of COIlf('l1r~ arc al'flllnNe lipOIl rClfll<'S( from rhe pllblish~r 



INSTRUCTIONS FOR PREPAHATION OF MANUSCBIPTS 
FOR DIRECT REPRODUCTION 

Journal of Liquid Chromatography is a bimonthly 
public(1tion in the English Inn~Juagc for the rapid COin 

IIlUllicotioll of liquid chromatographic researcll. 

Directions for Submission 

One typewritten manuscript suitable for direct 
reproduction, carefully inserted in a folder, and two 
{21 copies of the manuscript must be submitted. Since 
all contributions are reproduced by direct photography 
of the manuscripts, the typing and format instructions 
must be strictly adhered to. Noncompliance will result 
in return of the manuscript to the authors and delay 
its publication. To avoid creasing, manuscripts should 
be placed between heavy cardboards and securely 
bound before mailing. 
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A reprint order form and price list will be sent to the 
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