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ture, non stoichiometry, crystal
structure, surface structure,
morphology and adsorption
propert ies. For the first time
the different groups of oxides
are treat ed together in order tc
place emphasis on their simi
larities and differences.

This major reference work is
mainly directed to electro
chemists and those working or
ca talysis . It will also be useful
to those in the field s of mate
rials sc ience, physi cal ch em is
try , surfac e and colloid
chemist ry and in areas where
ox ide surfaces may play a
major role as in chro mato
graph y and pho tochemistry.

CO NTENTS: Chap te rs. 1.Elec t ro
nic Band St ruc ture of Ox ides with
Met all ic or Semi con duct ing
Characteris tics (J. M. Hon ig).
2. Chemiso rp tio n and Cata lys is or
Me tal Oxides (A. Cimino and
5. Ca rra) .. 3. Oxide Growth and
Oxygen Evolution on Noble
Metals (L. D. Burke). 4. Electro 
chemistry of Lead Dioxide
(J. P. Pohl and H. Rick ert). 5. Pro
per tie s of Spine l-Type Oxide
Elect rodes (M. R. Tarasevich and
B. N. Efremov) . 6. Physicoch ernica
and Elect roch em ical Prope rt ies 0
Perov skite Ox ides (H. Tam ura,
Y Yoneyama and Y Matsumo to).
7. Properti es of Conductive
Transition Met al Oxides with
Rutile-Type Structure (5. Trasatti
and G. Lodi).

1980 xvi + 366 pages
US $ 83.00 / Df1.170.00
ISBN 0-444-41912-8

been divided into tw o volumes
- Part A dealing mainly with
st ructural and thermodynam ic
propert ies and Part B, to be
publ ished in du e co urse ,
dealing with kineti c and
elec trocata lyt ic aspects . This
divi sion ca me abo ut du e to the
large amount of material to be
treat ed and also because, in a
rap idly dev eloping field , diffi
culties arise in collec t ing all
relevant material at on e given
moment .

The edito r approaches th e
subjec t from a multidiscipl inary
angle, for exa mple, th e elec t ro
chemica l behaviour of oxi de
elec t rodes is presente d and
discu ssed in the context o f a
variety of physicoch em ical
properties - electronic st ruc-

The discovery by Beer in th e
second half of th e six ties that
th e perf ormances of ano des
mad e of th ermally prep ared
nobl e metal oxi des were better
th an th ose of nobl e metals
prov oked so me thing of a
technological revolut ion in th e
larg e elec t rolyt ic indust ry.
Since then an ev er increasing
number of fund am ental
studies have been published
but the larg e amount of dat a
has, until now, not been
adequately assim ilate d.
This tw o-part wor k provides a
ge neral un ify ing int roduc t ion
plu s a state-of-the-a rt review of
th e phy sicoch emi cal pro per
ties and electroch em ical
behaviour of co nduc t ive oxi de
elec t rodes (DSA). The text has

edited by SERGIO
TRASATII , Laboratory of
Electrochemistry, University
of Milan , Italy

STUDIES IN PHYSICAL
AND THEORETICAL
CHEMISTRY 11

Electrodes
of
Conductive
Metal
Oxides:
PartA
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Biochemical and
Biological

Applications of
lsotachophoresis

Proceedinqs of the First International
Symposium, Baconfoy, May4-5,1979.

A. ADAM, Centre Hospitalier de
Sainte-Ode, Baconfoy, Belgium, and
C. SCHOTS, LKB Instrument NV SA,
Ghent, Belgium (editors).
Analytical Chemistry Symposia
Series 5
Isotachophoresis is finding increas
ingly widespread use in the biological
and biochemical fields as a powerful
analytical tool and correspondingly
keen interest is being expressed in
exploring potential applications for
the future. This volume, consisting of
the 24 papers presented at the sym
posium provides a thorough and up-

to-dateaccountofthetechniquefrom
two distinct viewpoints: (1) from that
of the pioneer who wishes to use the
technique and therefore requires a
knowledge ofthe basic principles and
applications and; (2) from that of the
experienced scientist wishing to keep
abreast of the latest developments
and applications in the fields of bio
chemistry, pharmacology and toxi
cology. Many problems and curious
phenomena which emerge during the
application of isotachophoresis were
also discussed and in several cases,
through shared experience, asolution
was found. The book will therefore
prove valuable to researchers in bio
chemistry, clinical chemistry, toxicol
ogy and pharmacology and to many
individuals working in the pharma
ceutical industry.

1980 viii + 278 pages
US $ 58.50/0fl. 120.00
ISBN 0-444-41891-1

P.O. Box211, 1000 AE Amsterdam, The Netherlands.
52 Vanderbilt Ave.,New York,NY 10017.

describes isotachophoretic equip
ment and the third deals with possible
fields of application and gives much
valuable data for the interpretation of
the analytical results.

"This book ought to be read by all ana
lysts ofelectrolyte solutions.Scientific
instrument manufacturers should also
find it of considerable interest, and
possibly very profitable': - Nature
1976 xiv + 418 pages
US $ 78.00/0fl. 160.00
ISBN 0-444-41430-4

Isotachophoresis
Theory, Instrumentation and
Applications..
F. M. EVERAERTS, J. L. BECKERS and
TH. P. E. M.VERHEGGEN, Department
of Instrumental Analysis, Eindhoven
University of Technology, The Nether
lands.
Journal of Chromatography,
Library 6

This book comprises three parts. The
first presents the complete isotacho
phoretic theory including a computer .. .
programme for the qualitative and ,
quantitative interpretation of the .~.
.automatically recorded isotacho- .J1~H~IIi"ii 1

pherograms. The 'second section n, Ou'c" s ,,,Utr pn , , "dfj ,nUi", . us 5 rna, "" , ub.itcl 10whang, rate Ilu, lion,.
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CO M PUT ER SIMULATION OF T HE KI NETICS O F IO N EX C H AN G E AC
CO M PAN IED BY CO M PLEX FORMATION IN IONI TES*

E. V. KOL OTI NSKAYA*, A. I. K ALI NI CH EV a nd T. D. SE MENOVS KA YA

Institute of Physical Chemistry, Academy ofSciences ofthe U.S. S. R ., L enin A venue 3 1, Moscow ( U.S .S .R.;

SUM MA RY

The kinetics of ion exc ha nge accom panied by th e formati on of weakly di s
socia ting co m pounds bet ween counter ion s and fixed ionite exc ha nge gro ups has been
studied by co m puter simulati on of ion-exchange processes a t different ratios of the
individual d iffusion coeffici ents and in the case of convex and co nc a ve exchange
isothe rms, T he results sho w th a t exc ha nge in ioni tes filled in it ia lly with less mobile
ion s is fas ter in th e ca se of a co nvex tha n in the case of a co ncave iso therm. The
dis tr ibution of co unte r ions and co -ions with particle rad ius is dependent on th e
rela tion bet ween th e equ ilibrium a nd kin eti c paramet er s, T he sim ulated io n d ist ri
buti on curves o bta ine d fo r the exc ha nge kin et ics in ca rb oxyl and viny lpyri dinecar
boxyl ionites a re simi la r to th e ex perime nta l o nes.

I T ROD UCT ION

T he for ma tio n of weakly dissociati ng compounds in a n ionite or a so lution
phase is, in a number of cases, a necessary condition fo r effec tive chromatogra phic
sepa ra t ion and con tro ls both the eq uilibri um a nd kinetic separatio n pa ram eters. The
mechani sm of th e exc ha nge whe n accom pa nied by th e fo rmation of a wea kly d is
soc iati ng com po und of a co unter ion wi th a fixed ionite exc ha nge group has been
discussed qu alitati vely by Helfferich I. A n a ppro ximate so lutio n of th e exchange ki
net ics ha s been deri ved i':' fo r the co rnplexing ion in th e case of a rectan gular iso
thcrm, a nd eq ua t ions together with a numerical so lu tio n ha ve been pr esented" for an
arbitrarily sha ped iso therm with certai n combinations of the individual ion diffu sion
coe ffic ien ts.

The present paper d iscu sses the kinetics o f ion exch an ge in the pre sence of ion
associa tio n in ion ites for co nvex a nd co ncave isothe rms , a nd co nside rs va rio us re
lati on s between th e ind ivid ua l d iffusion coefficients DB' D" . D; for the co unter ion s
B" , A + and co -io n Y - .

* Present ed at the tith Internat ional Symposium " Ad vances and Application of Chromatography ill

lndust rv"; Brut islava, September 16 19. 198IJ .

0021-9673 j8 I jOOOo-DOOOjS02.50 (0 1981 Elsevier Scienti fic Publ ishing Co m pany
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T HE O RETICA L

E. V. KOLOTINSKAYA et al.

The expression describing th e kinetics of such a pr ocess/ ':'

a (a, + c;)la I = - div 1;

where i = B. A or Y, the law of mass balance

I :::;1; = 0
i = Il.A.Y

( I )

(2)

in the absence of an electr ic current. where :::; are the ch a rges, and th e condition for
electro ne ut ra lity

(3)

generate a co ndit ion fo r eq uilibrium between th e bound and free ion s in the ionite
which for singly cha rged ion s is

(4)

whe re CB, CA and a B, U A are the concentrations of th e free ion s and ion pairs fo rmed by
B+ . A + and fixed ion ite excha nge gro ups, res pec tively. (/0 is the co nce ntra tion of the
fixed exc ha nge groups and KRB• KRA a re th e dissociation co ns ta nts . The ion fluxes. i i'
are defin ed by Nernst-Planck relati on s

J = - D ·(\7C ' +~ . ::: . c, '\7 m )
I , I RT I I v ", (5)

where <p is th e electric potential, F is th e Faraday constan t, R is the gas constant and T
is th e absolu te temperature .

The system of eq ns. 1- 5 for th e exc ha nge kineti cs of sing ly charged ion s is
com puted a t the init ial a nd boundary conditions co rres po nd ing to the excha nge
between the ionite and co ntinua lly renewed sol ution, when ini tia lly th e ionite particle
is filled with A +

e ll ( I', 0) = 0; Cy (I' . 0) = 0; () :s I' :'S 1'0

O. I > 0

(6)

(7)

where I' is the radi al space co ordinat e, 1'0 is the pa rt icle radiu s, I is the time and Co is
the concen tration of the surr oundi ng so lut ion .

In ref. 4 a numerical sol ut ion has been obta ined for the rati o between the
indi vidual co unter ion diffu sion coeffic ien ts, DAID II = 0.1, and K~B = 0.00 I, K~A =
0.1 where K; = K jc. ; T his so lutio n demon strates th at with tim e th e well-defined
boundar y of the exch an ging ion . B+IA", shifts toward th e particle centre , and ion
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transfer toward and away from the exchange boundary invo lves the co -ion Y 
moving from the solut ion into th e ionite particle.

RESULTS A N D D ISCUSSION

Numerical so lut ions of th e four co m binations of th e ind ivid ua l diffusion coe f
ficients D B' D A and dissoci ati on const ants KRB• KRA a re shown in Fig s. 1- 5. To
compare the curves o f ion distribu t ion with part icle rad ius. times were adopted cor-

F ~
Co

10 10

1 0T"1 0

2

4

3

1- E:ro

Fig. I. Dependence of frac tionu l conversion on the d imensionless tim e parameter T j6t (-·~j(l{;/~ ) .
where ij is the un it used for measuring Di • Cu rves : I. 2. K~ " = 0.001. K~" = 0.005 : 3. 4. K~ " = 0.005 . K~,\

= tWOI. /) " = I. /) " = 0.1 for c urves I. 3: D" = 0.1. D" = I for curves 2. 4.

Fig. 2. Conccntrut ion d istr ib ut ion of the free B ' fo r the time correspondi ng to F = 0.58. Curves num bered
as in Fig . I.
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Fig. 3. Conccn t rurio n d istri but ion of the ion pairs RB a t F = 0.5S. C urves numbered as in Fig. I.
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3

Fig. 4. Conccnt r.u ion dist ribut ion of th e fre e A · a t F = 0. 1. C urves numbered as in Fig. I.
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2

4

0 .5 10 1- !:..-ro
Fig . 5. Co ncent ration distribution of the free A + with radius for the system with K~B = 0.00 1, K~A =

0.005 , DB = 1 and DA = 0.1 at d ifferent fractional conversions F: 1,0.2; 2. 0.5; 3. 0.7; 4, 0.9.

responding to fra ct ion al conversions F = 0.58 (Figs. 2 and 3) and F = 0.1 (Fi g. 4). At
these values of F the distributi on curves exhibit the characteristic fea tures of each of
the four groups. Fig . 5 illustra tes how the distribution of A + varies with rad ius du ring
the process of excha nge, for one of the combinations of the starti ng par am eters.

Before discussing the result s obtained it is necessary to not e the difference
between the kinetics of ion exchange accompanied by the form ation of weakl y d is
socia ting compounds and that occurring in stro ng functional ionites. In the absence
of ion association in the ionite ph ase, the rat e of exchange from a continuously
renewed solution is ind ependent of its selectivity. It is governed by the value of and

F

Fig. 6. Distribu tion of the free Nil " , Na + with radius as the Ni' + ar c d ispla ced fro m ca tio nite K B-4 by H '
( x ), Na + fro m cationite KB-4 by H + (0. e ) a nd Na + fro m am pho lyte VPC by Ni' + (6). Fractiona l
co nversio ns : 0.16 ( x ); 0.22 (0); 0. 1 ( e ); 0.2 (6).

Fig. 7. Excha nge rates for Ni? + - H + (convex isotherm) (1) and H + - Ni' + (concave isot herm) (2) on
am pholy te VPC.
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the ratio between the counter ion diffusion coefficients. The process is faster if initially
the ionite contains more mobile ions ".

In the case of exchange accompanied by ion association in the ionite phase, the
exchange rate and ion distribution in the particle depend on the adopted combination
of the starting equilibrium and kinetic parameters. With a convex isotherm (K~B =

0.001 , K~A = 0.005) the exchange is faster than with a concave one (K~B = 0.005,
K~A = 0.00 I) (see Fig . I). Filling the starting ionite with less mobile ion s results in a
higher exch ange rate in the case of the convex isotherm (Fig. I, curves I and 2) and a
lower one in the case of the concave isotherm (Fig. I, curves 3 and 4).

The different effect of the DBID A ratio on the exch ange rat e for the convex and
concave isotherms can be visualized as follows. The low mobility of A + lead s to its
accumulation in the particle and lower relative free ion concentration, clllcA . The
relative variation of all as cRlcA varies is considerably smaller in the case of the
convex exchange isotherm than with the concave isotherm, which, in the lon g run,
may result in a variat ion of the exchange rat e as suggested in Fig. I.

Comparison of the F-r curves in Fig . I with the kinetic dependence for isotope
exchange" reveals an interesting feature of exchange accompanied by ion association
in the ion ite particle. The dependence F-r for the convex isotherm and DBI D A = lO is
described by an equ ation of an in-sphere diffu sion with a constant coefficient ; on the
other hand, for the concave isotherm and DRIDA = 10, this dependence fo rmally
corresponds to a model whose effective diffusi on coefficient decreases in the course of
exchange.

The effect of the ra tio of the individua l diffu sion coefficient s, and of the ex
change selectivity, on the kinetic dependences in real systems has been studied for ion
excha nge in ca rboxylic (KB-4) and vinylpyridinecarboxylic (VPC) ionites. The ex
chan ge rat e was mea sured in a thin ionite layer:'. and ion distribution was studied by
using a sph erical particle sector model ". The model com prised a cone made up of
separate rings and filled with fine-ground swollen ionite. The cone, with a filter in its
base, was immersed in a solution and after a period of ion exch ange betw een the
solution and the ionite in the cone it was removed from the solution , disassembled
into separate layers and the concentration of the free and fixed group-bound ions in
each layer was measured.

Fig . 6 compares the particle-radius distributions of the diplaced ions not bound
to the fixed exchange gro ups, for ion exchange with different DRIDA ratios. Th e
exchange isotherms in all three cases are strongly convex since the hydrogen ions in
thc carboxylic cationite and the nickel ions in the vinylpyridinecarboxylic ionite yield
weakl y dissociating compounds (KRH ~ 10- 5

, KRN i ~ 10- 7
) . It is seen that as the

relati ve mobi lity of the displaced ions decreases (D N i < D N a < D H) their maximum
concentration increases, which is consistent with the results of the numer ical so
lutions.

The experimenta l kinetic curves in Fig . 7 for the RH -Ni and RNi-H exchanges
in VPC indicate a decrease in the exchange rate when passing from the convex to the
concave isotherm and co rr espond to the calculated curves 2 and 3 of Fig. I where the
exchange iso therm and ratio between the individual diffu sion coefficients were used as
sta rt ing parameters. It sho uld be noted that the experimentally ob ser ved features of
the kinetic exchange occur in the sa me sequence for ions ha ving the same or different
cha rges. Thi s is not at variance with theory , since exchange isotherms of differently
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cha rged ions and of singly cha rged ion s. whi le ha ving different an alytical expressions,
ca n be of a simila r type. The va lue of qu alitati ve co m parison of exper imenta l res ults
and th ose from numerical so lutions is thus dem ons tra ted in a ll th e pre sent cases. Such
a comparison is also valid fo r ion exch ange processes in thin ioni te layers and in th e
spher ical particle secto r model. Th e formation of th e sh arp boundary line of ge
gen ions in the ca se of a sq ua re iso therm in ion itc particles? a nd in the sphe rica l
pa rt icle secto r mo del ? shows th at structura l heterogeneity does no t effect th e for
mation of th e profile a.. Ci•
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THE ROLE OF HYDROGEN BONDS IN CHROMATOGRAPHY

I. AMINO- AND HYDROXYANTHRAQUINONES
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SUMMARY

Th e effect of hydrogen bonds on chromatographic separations is demonstrated
on the example of amino- and hydroxyanthraquinones and their 0- and N-methyl
deri vati ves. The RE values were used to choose a set of ne w stationary phases and to
demonstrate th e dependence between th e shift in the RF values for compounds with
hydrogen bonds and the overall energy of the hydrogen bonds of all the donor and
acceptor groups in the correspond ing stationary ph ase.

INTRODU CTION

Th e importance of hydrogen bonds. both intermolecular and intramolecular.
in chromatographic sepa ra t ions. especiall y in paper a nd thin-layer chromatography,
is well est ablished. Most workers. however. consider only the qualitative side of this
phenomenon and point out the shift in RF values on formation on internal hydrogen
bonds compared with isomeric compounds th at do not contain this type of bond ":".

It is obvious that the energies of th ese hydrogen bonds differ, depending on th e
nature of the atom bonded . the presence of other fun ctional groups. steric hindrance,
etc . So far. no one has attempted to qu antify the energy of th ese bonds. although
there have recently been attempts to employ various thermod ynamic data in the study
of processes in gas chromatography" 7 . A single publ ication on paper chromatogra
phy considered the dependence of the magnitude of the Rr values of various aliphatic
acids on the energy of the hydrogen bonds found from I R spectroscopy".

Attempts to express quantitatively the energy of hydrogen bonds usin g paper
chromatography have already been described IO-I H. All of these works are based on data
det ermined for the energy of the corresponding intramolecular hydrogen bonds by a
physico-chemical method . and these data are compared with the magnitude of th e
shift in th e Rr (R M ) values as a result of the formation of internal hydrogen bonds. In
this connection, the " equivalent" of the hydrogen bond wa s introduced (RrJ , defined
as the energy of a hydrogen bond corresponding to a shift of O. I0 R M • This eq uiva
lent is calculated from the equation

LJE
R .· = - ·_ · 0. 1

I. LJ R
M

0021-96 73/81/0000· 0000 /$0 2.50 (j,) 1981 Else vier Scientific Pu blishing Compa ny
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where ,1£ is the energy difference between isomers with and without intra-molecular
hydrogen bonds and ,1 R .\( is the difference in the R.\( values.

This paper is a continuation of an earlier study in which we att empted to use
Rc va lues to characterize separa tion systems, to choose th e best stationary phase and
to pr edict the success o f the separa tion. Simultaneously, it was po ssible to use com
pletely new sta tionary ph ases in paper chromatography. This first a tte m pt was ca r
ried out using deri vatives of an thraquinones, 1- and 2-amino, 1- and 2-hydroxy, l
and 2-d ime thylam ino a nd 1- and 2-methoxyanthraquinone.

EXPE RIMENT A L

Sur vey of the mob ile and stationary phases and sample substances used
Eight derivati ves of anthraquinone, twenty-seven sta tiona ry phases and two

types of mobile phase wer e employed.
The following model substances were used in the chromatographic separation:

l- arninoanthraquinone, 2-aminoanthraquinone, I-N, N '-dimethylaminoanthraqui
none, 2-N,N '-dimethylaminoanthraquinonc, l-hydroxyanthraquinone, 2-hydroxy
an thra quinone, I-methoxyanthraquinone and 2-methoxyanthraquinone.

For cyclohexane-pyridine (25 :1) mobile phase, formam ide, dirnethylforrn
amide, aceta mide, acrylarnide, eth ylene glycol , propylene glycol , 2,3-butylene glycol,
glycerine, polyglycol 300, ethanolamine, d iethanolarninc, monoisopropanolamine
and methyl Cello sol ve were used as stationa ry phases. For the etha no l- water mobile
ph ase (in various ratios), methyl palmitate, butyl stea rate, dimethylcyclohcxyl fuma 
rate, butylheptyl phthalate, dinon yl phthalate, didecyl ph th alate, d ilauryl phthalat e,
dioct yl adipat e, d ioct yl succina te , dioctyl sebacate, methyl myristate, eth yl myr istate,
butyl sa licyla te and dodecyl chlo roaceta te were used as sta tiona ry ph ases.

Chromatography
Chromatography of th e anthraquinone deri vatives was ca rried out by the de

scend ing technique using Wh atrnan No. I paper. The paper was impregnated with the
selected sta t ionary phase, di ssol ved either in ethanol (amides, hydroxyamines, gly
cols) or in cyclohexane (est er s) at concentrations of 20 Ii;; (wjw), except for formamide
and dimethylformamide (30 %, w jw).

Chromatographic development was carried out at laboratory temperature ( 18
n OC). Separations in cyclohexane-pyridine took about 4 h and in ethanol- wate r 15 h
or longer (overnight) . De ctection was carried out under UV light without spraying.

RES ULTS AND DISC USSION

Much new information can be deri ved from the result s given in Tables I-IV.
Primarily, it is apparent that th e number of possible stat ionary phases can be in
creased. For polar st ationar y phases, various glycol s, e.g., butylene glycol, propylen e
glyco l, ethy lene glycol and polyglycol 300. amides, in additi on to formarnide, di
methylformamide and acetamide and also acrylamide and some less vo la tile amines
suc h as diethanolamine a nd m on oisopropanolamine ca n be used success fully, and
not only for separating anthraquinon e derivatives. For non-polar sta tionary phases,
va rious esters such as d inonyl phthalat e, dilauryl phthalat e. butylheptyl phthalat e,
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methyl palmitate, dimethylcyclohexyl fumarate. butyl stear ate , dioctyl succinat e, di
octyl adipate, dioctyl sebaca te, butyl sa licylate, ethyl myristate, meth yl myristate,
didecyl phthalate and dodecyl chloroacetate can be used.

The polar and non-polar stationa ry phases fo r separating amino- and hydroxy
anthraqu inones were chosen in order to demonstr ate the effect of intermolecular and
intramolecular hydrogen bonds on the course of chro matogra phic sepa rations and in
order to give a qu antitative interpretati on to thi s effect. For this purpose, only two
mobile ph ases were chosen. one for pol ar stationar y phases (cyclohexane-pyridine)
and one for non-polar sta tio nary phases (aq ueous etha nol). It can be seen from the
tables that the R p va lue for l -amino- or I-hydroxyanthraquinone is a lways greater
for a pol ar stationar y phase than for 2-amino - or 2-hyd roxyanthraquinone. The
results ar e the opposite for non -polar sta tionary phases. The reason for this effect has
already been discussed 17 and lies pr imar ily in the forma tion of internal hydrogen
bonds with the l-der ivatives:

" '~
o 0

*o

o

~~
o

To confirm thi s effect, the meth yl derivat ives were employed in addition to the amino
and hyd rox yanthraq uinones:

o OCH,

*o

It fo llows from the R; values o btai ned th at the intern a l hyd ro gen bond
O- H . . . 0 is as stro ng as if the hydrogen atom on th e OH gro up were repl aced by a
methyl group and thus the R; value is a lmost identical. In the O · . . H-N bond, the
rema ining hydrogen a tom in the NH 2 gro up sti ll has some energy, so that I-amino
and 2-aminoanthra quino ne with a non-polar stationary ph ase have sma ller RF values
tha n the cor responding methyl derivatives.

With the pol ar stationary phases, lower R; values were foun d for 2-hydr oxy-
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6 kcal /mo l (25 k.l/mo l)

TABLE I

RF, RMand ARM VALUES FOR AMINO- AND HYDROXYANTHRAQUINONES AND DIMETHYLAMINO
AND METHOXYANTHRAQUINONES ON A STATIONARY PHASE WITH BOTH DONOR AND
ACCEPTOR GROUPS

Anthraquinone Parameter Stationary phase

Dimethyl- Formamide Acetamide Acrylamide Ethylene
fo rmam ide glycol

I-Amino- RF 0.10 0.34 0.32 0.11 0.44
RM 0.95 0.29 0.33 0.91 0.10
ARM 0.84 1.16 1.36 1.14 1.20

2-Amino- RF 0.016 0.034 0.02 0.009 0.049
RM 1.79 1.45 1.69 2.04 1.30

I-N ,N-Dimethy1amino- RF 0.41 0.76 0.72 0.37 0.83
RM 0.16 -- 0.50 -0.41 -0.23 -0.69
ARM 0.30 0.29 0.36 0.32 0.30

2-N ,N-Dimethylamino - RF 0.26 0.62 0.55 0.22 0.71
RM 0.45 -0.21 -0.08 0.55 -0.39

1-Hydroxy- RF 0.57 0.84 0.83 0.59 0.89
RM -0.12 -0.72 -0.70 -0. 16 -0.83
ARM 1.37 1.58 1.42 1.86 1.62

2-Hydroxy- RF 0.056 0.12 0.16 0.02 0.14
RM 1.25 0.86 0.72 1.69 0.79

I-Methoxy- RF 0.51 0.81 0.66 0.58 0.80
RM -0.02 -0.63 -0.29 -0.14 -0.60
ARM 0.04 0.10 0.06 0.085 0.03

2-Methoxy- RF 0.49 0.77 0.63 0.53 0.80
RM 0.02 -0.53 -0.23 -0.06 -0.63

anthraquinone than for 2-methoxyanthraquinone, indicating that the free OH group
can form a hydrogen bond with the stationary phase.

The energies of the hydrogen bonds have been calculated to be approximately
O-H ···O 6 kcal jmol (25 kJ jmol), 0 · · · H-N 4.5 kca ljmol (18 kJjmol) and H ··· H-,--N
3 kcal jmol (12.5 k.l /mo l)", Consequently, in a polar stationary phase I-hydroxyan
thraquinone has a higher RF value than I-aminoanthraquinone. With stationary non
polar phases, the op po site conditions prevail.

o.0"0-
~N::H . ..O

~ H.. O

4.5 kcal /mol (18.8 kJ/mo!)
4.5 kcal /mol (18.8 kJ/mo l)
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Propylene Gly cerine Polyglycol Ethanol- Diethanol- Monoisopro- Methyl 2,3-Butylene

glycol 300 amine amine panolamine Cellosolve gly col

0.25 0.67 0.073 0.78 0.56 0.47 0.11
0.48 - 0.31 1.13 -0.55 - 0.10 - 0.055 0.91
1.08 1.31 0.97 1.05 1.38 1.20 1.04
0.027 0.001 0.008 0.24 0.052 0.056 0.011
1.56 1.00 2.10 0.50 1.28 1.25 1.95

0.67 0.85 0.62 0.90 0.88 0.84 0.68 0.46
- 0.31 - 0.76 - 0.21 - 0.95 - 0.86 - 0.72 -0.33 0.07

0.35 0.18 0.28 0.16 0.10 0.14 0.33 0.30
0.48 0.79 0.46 0.86 0.85 0.78 0.50 0.30
0.04 -0.58 0.07 - 0.79 - 0.76 -0.58 0.00 0.37

0.81 0.36 0.92 0.86 0.80 0.66 0.69
-0.63 0.25 - 1.09 - 0.79 -0.60 - 0.29 -0.35

1.49 1.73 2.67 2.80 2.30 1.57 1.70
0.12 0.01 0.026 0.01 0.019 0.051 0.043
0.86 1.98 1.58 2.01 1.70 1.28 1.35

0.73 0.84 0.28 0.89 0.64 0.61
- 0.43 -0.72 0.41 - 0.91 - 0.25 - 0.19

0.10 0.03 0.00 0.05 0.07 0.05
0.68 0.83 0.28 0.88 0.60 0.58

- 0.33 -0.69 0.41 - 0.86 - 0.18 - 0.14

It again follows from these results that an important role in chromatographic
separations is played by intermolecular and internal hydrogen bonds, provided that
they can be formed in the substances to be separated and in the stationary phase.

It has already been demonstrated 10-18 that the effect of these hydrogen bonds
can be quantified and one of the purposes of this work was to extend this information .

The chromatographic equivalent of a hydrogen bond, designated as RE, was
derived in the publications cited. This R1i value is calculated from the equation RE =

0.1 . iJEI iJRM , where iJE is the energy of the hydrogen bond and iJRM is difference in
the RM values between the compound with an internal hydrogen bond and an isomer
without such a bond. The iJE value, for example, corresponds to the difference be
tween the heats of sublimation of the particular substances or other data, e.g., the
difference in the energies found from the IR spectra. For hydroxy- and
aminoanthraquinones, the literature contains data on the heats of sublimation, from
which it follows that the energy of the internal hydrogen bond of 1
aminoanthraquinone is 4.8 kcal /rnol (20.2 kJ/mol) and of l-hydroxyanthraquinone
7.8 kcal /rnol (32.8 k.l/rnol). If these values are taken as a basis for the calculation of
R1i for the individual stationary phases, either polar or non-polar, then the order in
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TABLE II

RF , RM AND LJRM VALUES FOR AMINO- AND HYDROXYANTHRAQUINONES AND DIMETHYL
AMINO- AND METHOXYANTHRAQUINONES ON STATIONARY PHASES WITH ONLY ACCEPTOk
GROUPS

Anthraquinone Parameter Stationary phase*

~:2 Itu=2 ,,:2 ----
,,----

:J:: "i;:J::
''.:::0 ..s~O -0 0 ·5 0.g :J::~ " ... ~ ~:£ "b,,:£ " ~

~~~ ~:J::
t:I. '" " '" ]":sU '"' '"
~~

~~C.; ;;;C.; - C.;

~- ~ "b~ ~~ ~ ~~
,,~ E ~~ ·9 ~
~~ ' - l:lJ ~ "'''"> "'..., "">

Q..., '- 'l:l '- 'l:l t:I. '- Q ,-

I-Amino- RF 0.15 0.26 0.49 0.053 0.15
RM 0.77 0.45 0.02 1.27 0.76
LJRM 0.44 0.40 0.25 0.55 0.45

2-Amino-2- RF 0.32 0.47 0.63 0.16 0.33
RM 0.33 0.05 -0.23 0.72 0.31

I-N,N-Dimethylamino- RF 0.20 0.30 0.60 0.061 0.28
RM 0.60 0.37 -0.17 1.21 0.41
LJRM 0.15 0.08 0.17 0.24 0.07

2-N,N-Dimethy lamino- RF 0.15 0.26 0.50 0.035 0.25
RM 0.75 0.45 0.00 1.45 0.48

I-Hydroxy- RF 0.064 0.13 0.13 0.023 0.088
RM 1.17 0.81 0.8 1 1.62 1.04
LJRM 0.72 0.72 1.06 0.90 0.75

2-Hydroxy- RF 0.26 0.45 0.64 0.16 0.34
RM 0.45 0.087 - 0.25 0.72 0.29

I-Methoxy- RF 0.058 0.13 0.26 0.019 0.09
RM 1.24 0.81 0.45 1.71 1.02
LJRM 0.15 0.21 0.20 0.24 0.30

2-Methoxy- RF 0.079 0.20 0.36 0.032 0.16
RM 1.09 0.60 0.25 1.47 0.72

which the RE values change can be found . More careful comparison of the individual
RE values has shown that their magnitude depends directly on the sum of the energies
of all possib le hydrogen bonds in the stationary phase , of both donor and acceptor
functional groups.

The following review gives a summary of all possible intermolecular hydrogen
bonds for polar and non-polar stationary phases .

If the RE values are plotted as a function of the energy of possible hydrogen
bonds, a set of points is obtained (Fig . I), through which a straight line can be drawn,
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0.09 0.22 0.20 0.10 0.13 0.27 0.33 0.27 0.41 0.15
1.02 0.55 0.60 0.95 0.83 0.43 0.31 0.43 0.16 0.76
0.54 0.38 0.46 0.42 0.35 0.43 0.38 0.31 0.53 - 0.87
0.25 0.40 0.42 0.23 0.25 0.50 0.54 0.43 0.70 0.023
0.48 0. 17 0.14 0.53 0.48 0.00 - 0.07 0.12 - 0.37 1.63

0.15 0.3 1 0.18 0.12 0.16 0.32 0.37 0.25 0.35 0.059
0.76 0.35 0.66 0.86 0.72 0.33 0.23 0.48 0.27 1.23
0.22 0.08 0.13 0.13 0. 11 0.15 0.22 0.10 0.02 0.21
0.095 0.27 0.14 0.093 0.13 0.25 0.26 0.2 1 0.34 0.09
0.98 0.43 0.79 0.99 0.83 0.48 0.45 0.58 0.29 1.02

0.032 0.13 0.068 0.051 0.066 0.068 0. 17 0. 10 0.095 0.38
1.48 0.82 1.16 1.28 1.18 1.12 0.69 0.95 0.97 0.2 1
0.85 0.70 1.06 0.75 0.63 0.76 0.79 0.78 0.95 -1.61
0.19 0.43 0.44 0.23 0.22 0.30 0.56 0.40 0.49 0.015
0.63 0.12 0.10 0.53 0.55 0.37 - 0.10 0.17 0.02 1.82

0.046 0.10 0.067 0.056 0.069 0.072 0.14 0.12 0.10 0.37
1.32 0.95 1.17 1.24 1.16 1.10 0.79 0.86 0.95 0.23
0.15 0.26 0.22 0.14 0.21 0.28 0.2 1 0. 17 0.16 - 0.22
0.066 0.17 0.10 0.079 0.10 0.13 0.2 1 0.14 0.14 0.26
0.17 0.69 0.95 1.10 0.95 0.82 0.58 0.79 0.79 0.45

* (%C2H sOH) indicates the mobil e ph ase used for the part icular sta tio na ry phase. The RF value s are avera ges
fro m severa l chromatogra ms.

expressed by the following equa tions (for the polar sta tiona ry phase) :

RE = - 0.0 1 X + 0.63

for the phase with both donor and acceptor groups, and

RE = - 0.0 1 X + 1.25

for the phase with acceptor gro ups, where X is the overall energy of the hydrogen
bond s to both donor and acce ptor groups (Ta ble V).
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TABLE III

FO UND AND CALC ULATED Re VALU ES FOR STATIONARY PH AS E WITH DONOR AND
ACCEPTOR GROUPS

Mobile pha se : cycloh exane -pyridine (25:I). Re (exp.) is the Re value obta ined from the experimental A R M
values using the relationship R E = 0.1 d E/ A R M' The column design ated NH 2 contains R E (exp.) values
calcul at ed from data obtained from chromatography of aminoanthra quino nes, and the column designated
OH contains Re (exp.) values obtained for hydroxyanthraquinones. The Re (calc.) values were obtained
from the equ ation Re = f (x) found by linear regression .
-_.- - - - --- - ._-,.'----".,.~- -...•.,.,- _ . . ,.,-- - - -- --

Stationary p hase R e (exp .) R" A R"_ ._,._.. .. ..,- , ,,.

( calc. )
N H 2 OH Average

- - _.•_ - - - - --,~., ..__ ._ ...._-

Dimethylformamide 0.57 0.57 0.57 0.58 + 0.0 1
Formamid e 0.41 0.49 0.45 0.50 +0.05
Acet am ide 0.35 0.55 0.45 0.50 + 0.05
Acryl amide 0.42 0.42 0.42 0.48 +0.06
Propylene glycol 0.44 0.52 0.48 0.43 - 0.05
2,3-But ylene glycol 0.46 0.46 0.46 0.43 - 0.03
Ethylene glycol 0.40 0.48 0.44 0.43 - 0.0 1
Polyglycol 300 0.49 0.46 0.48 0.43 - 0.05
Methyl Celloso lve 0.48 0.48 0.48 0.00
Glycerine 0.36 0.36 0.34 - 0.02
Ethanolamine 0.46 0.32 0.39 0.45 + 0.06
Diethanolamine 0.35 0.29 0.32 0.40 +0.08
Monoisoprop ano lamin e 0.40 0.34 0.37 0.45 +0.08
--_ .. _ --_.. --_ .. --- -

TAB LE TV

FOUND AND CALCULATED Rio VALU ES FOR STATI ONARY PHASE WITH ON LY
ACCEPTOR GROUPS

Mobile phase : eth ano l-water (in various ratios; see Tabl e II). R" values ob ta ined as in Table III.
- - _ . .__.

S ta tionary R" (ex p . ) Rl'
phase ( cal c. )

N H 2 O H Averag e
._-_.. , , ,, _ ..._--

Dinonyl phthalate 1.11 1.03 1.07 1.05
Didecyl phthalate 1.26 1.00 1.13 1.05
Dilauryl phthala te 1.55 1.00 1.27 1.05
Butylheptyl phthalate 0.88 0.87 0.88 1.05
Butyl sa licyla te 0.91 0.81 0.86 1.05
Dioctyl succinate 1.07 1.04 1.06 1.05
Dioctyl adi pat e 0.89 0.92 0.91 1.05
Dioctyl sebacate 1.26 1.12 1.19 1.09
Meth yl palmit ate 1.09 1.08 1.09 1.17
Butyl stearate 1.92 0.74 1.33 1.17
Methyl myrista te 1.14 1.04 1.09 1.17
Ethyl myr istate 1.36 1.24 1.30 1.17
Dim eth ylcycloh exyl fumarat e 1.20 1.03 1.14 1.05
Dodecyl chloroacetate 1.04 0.74 0.89 1.1 7
._. "-_ ._,,,....__._ , ,._._-

- 0.02
- 0.08
- 0.22
+0.17
+0.19
- 0.0 1
+ 0. 14
- 0.14
+ 0.08
- 0.16
+ 0.04
-0.13
-0.09
+0.16
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1.0

________~___ O~
o -------

-- ------ ---
o

10 20 30 keal/mo l x

Fig. 1. Dependence of R" values on the energy of the hydr ogen bond. x , Stat ion ary phases with both
donor and acceptor gro ups; O. stationary phase with only accepto r gro ups (except for but yl sa licylate).

A similar procedure was employed for the other stationary phases (Table VI).
lt follow s from thi s dependence th at the greatest differences in the R; values for

substances with and without intramolecular hydr ogen bonds will be found for
stationary phas es for which the sum of the energi es of all possible hydrogen bonds is
great est.

For example, JR M for I-amino- and 2-aminoanthraquinone on dimethylform
amide (where all possible hydrogen bonds have an energy of about 6 kcal /mol) is
0.84, whereas on diethanolamine (where all possible hydrogen bonds have an energy
of 28.5 kcal/mol ) J RM is 1.38. Similarly , for 1- and 2-hydroxyan thraquinone J RM =
1.37 and 2.80, respectively.

It therefore follow s that the sma ller the RJ; value for the given system, the
better is the separation of substances with donor functi onal groups. Thus the RJ:,
values can be used for the qu antitati ve evaluation of the separation of parti cular
substances.

A further group of compounds studied were the esters of mono- and dibasic
acids. As these stationary phases have no donor group, their separation ability is
poorer.

If the linear equation given for the pol ar phases were valid , but with a slope of
opposite sign, then it would follow for those sta tionary ph ases with an overall energy
of possible hydrogen bonds of 12 kcal /mol th at RJ; = 0.89 and for those with an
energy of 24 kcal /mol that RIo = 1.13. Co nsequently, this is in reasonable agreement,
al though it should be tak en into con sideration that the energy of the hydr ogen bonds
is also affected by the size of the alkyl groups in these stationary phases. lt was
calculated for the second gro up of stationary ph ases that the energy of the hydrogen
bonds is 24 or 12 kcal /mol, depending on the number of carboxyl groups. It is
necessary, however, to recall that the actual energy will differ as a result of the
different sizes of the alk yl residues in the stationary phases , which was not tak en into
consideration in the rough calculation.

In this ent ire system, onl y one stat iona ry pha se has a donor gro up, but yl
salicylate, which has an R I, value of 0.77.

If the R I ; values are calculated and compared with the values found, then it
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TABLE V

OVERALL ENE RG IES OF POSS IBLE HYD ROG EN BONDS

J. FRANC, J . SEC HOVEC

The en ergy of the donor gro ups, e.g. fo r diethanolam ine. was calcu la ted in the fo llowing manner :

/CH 2- CH 20H . . . 6.0 kcal /rno l )

4.5 kca l/rnol .. . HN tota l 16.5 kca l/mol
-,

CHr CH20 H .. . 6.0 kcal /rno l
T he ov era ll energy of the donor and acceptor group s was calcu lated as fo llows :

6 kcal /mol

/CH 2 CH zOH ... 6 kca l/mol )

4.5 kc al /rnol ... HN total 28. 5 kcal /rnol
-,

CH z- CH 20H . . . 6 kcal /m ol
6 kcal/rnol

9.0 18.0

12.0 24 .0

12.0 24.0

12.0 24.0

12.0 24.0

S tationary phase

o
/I

H- C
-,

NH2

o
/I

H- C-.
N(C H3h
:f0

CH rC
-,

NHz
/ 0

/
CH 2= CH-C

-,
NH z

CH3-CH - CH~CH 3

I I
OH OH

CH 2-CH- CHz
I I
OH OH

CH z- CH 2

I I
OH OH
CH2- (CHz),- CH2

I I
OH OH

Energy of donor
groups (k calimol)

9.0

0.0

9.0

Energv 0/ donor
and acceptor group s
(k cul jmol )

15.0

6.0

15.0
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TABLE V (continued)
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Stationary phase

CI-I2-CH2

I I
OH OCI-I3

CHCCI-I-CH 2

I I I
OH OH OH
CI-I2·-CI-I2

I I
N H 2 0 1-1
CH 2-CHc N H-CH 2 -C H 2

I I
OH OH
CHcCH(CH J )

I I
NH z OH

Energy (If' donor
groups [k callmo l)

6.0

18.0

15.0

16.5

15.0

Energy of donor
and acceptor groups
(k caljmol )

18.0

36.0

21.0

28.5

21.0

fo llows th at the differences are not large and, if they are, th ey can be attributed to the
rough estimate of the bonding energy and the actual chromatographic evalua tion,
especially where the spots of the separated substances have R F values close to th e start
or the front , where small differ ences in the R; value hav e a large effect on the R M value
used for the overall calculation.

The R ,. value for stationar y phases with onl y accept or groups is shifted by 0.63
kcal /rnol (2.65 k.l/mol) compa red with the R , value for th e ph ase with both donor
and acceptor groups, i.e ., it is about twice as large for the same energy. Th is was
found earlier and no satisfactory expl anation has been found for whether this is
accidental and the R(; valu e changes continuously or whether a real step change
occurs on a change in th e chromatographic sepa ration conditions. Onl y further ex
perim ents can provide an explanat ion .

If, on the other hand, the R(; values are used to calculate the energy differences
between individual com pounds, then th ese values can be used to expl ain the chroma
tographic behaviour of the indi vidual substances found experimenta lly. If, for ex
ample, th e Ric valu es ar e used to calculate the energy differences of th e hydrogen
bonds between 2-h ydroxyanthraquinone an d 3-methoxyanthra q uino ne, an average
difference of 7.2 kcal /rnol (30 k.J /mol) is found for a po lar stationary phase, cor
responding to a single OH .. ·O bond .

If the same calculations are carried out fo r l-aminoanthraqu inon e and I-di
methyl am inoanthraquinone, a difference of 3.6 kcal /mol (15.1 kJ/mole) is found.
Consequently, the N H2 group in l-aminoanthraquinone is bonded through a single
hydrogen bond to the oxygen of the anthraquinone skeleton and through another
hydr ogen bond to the stationar y phase :

. ..H, / H ... O _

o N

~
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TABLE VI

O VERALL EN E RG IES O F POSSIBL E H YDROG EN BO NDS FOR ST AT IONA RY PHASES WITH
ONLY AC CEPTOR G ROU PS

Sta tionary phas e

@XCO O (C H2 )3 C H 3 (b utyl

o sa licylate)
OH

C H3(CH2)700CCH2CH 2COO(C H2hC HJ
(dioctyl succi nate)

C H3(CH2)700C(C H 2)4COO(C H2)7CHJ
(dioctyl adi pa te)

CH 3(CH2)1 4COOCH 3
(meth yl palmitat e)

C H3(CH2)16COO(C H2hCH3
(butyl stearate)

CH 3(CH2)12COOCH 3
(me thy l myristat e)

ClCH 2CO O(CH 2)11C H3
(dod ecyl ch loroacetate)

C H300C-C = C H- COOCH3
I
C6 H 11

(di rnethylcyclohexyl fumarate)
CH 3(CH2 h OOC(CH 2).COO (CH2 )7CH 3

(d ioctyl seba cate)

Energy of poss ible hydr ogen
bonds (k callmo l )

24.0

24.0

24.0

24.0

12.0

12.0

12.0

12.0

24.0

24.0

Similarly, a differen ce of LJ R M ;::::; 8
aminoant hraquino ne and 2-dimethylanthraquinone;
shown below:

kcaljmol is found for 2
th is co rres po nds to the bon ds

.'< ~=
o

Ap art from the chosen sta tiona ry ph ase, calculation of RJ: was carried ou t for
silica gel as a sta tionary phase with tolu ene- 30 % dim eth ylformamide in etha no l
(10 :2) as the mobile ph ase. Using th e relati onship given above, a value of RL = 0.43
kcal jmol was calculated assuming th at silica gel has both do nor and accept or gro ups :

I
- Si- OH

I
- Si-O-

I



ROLE O F HY DROG EN BONDS IN CHROMATOGRAPHY. I. 151

A value of R E, = 1.13 was found (for both amino - an d hyd roxyanthraquinon es). This
behaviou r correspo nds to the presence of only acceptor groups with an ove ra ll energy
of about 12 kcal jm ol. Th is is also confirmed by the smaller differences in the RF values
for the 1- and 2-isomers . Thi s phenomenon will be studied in greater detail.

The work of Chasar" should be menti oned here . He studied the chromato
graphy of I,S-dihydroxyanthraquinone and its methoxy derivat ives on silica gel with
a chloro form mobile phase and found the following RF values: I,S-dihy
droxya nthraq uino ne, 0.57; l -hydroxy-8-methoxyanth raquinone, 0.4 1; and 1,8-dime
thoxyanthraquinone, 0.86. A value of RE = 1.1 2 for a single hyd rogen bond follows
from the RM values for this system. Th e difference (LlRM ) for two hydro gen bonds
ind icates that the energy of the second bond is less th an half as great. Thi s is under
standable, as the fo rma tion of the first bo nd dec reases the electro negativity of the
oxygen .

Schulz and Herrman!" chro ma to gra phed some hydroxybenz oic acids on silica
gel with dichl oromethane-toluene-formic acid (5:4 :1) as th e mobile ph ase. If a
hydrogen bon d energy of 5 kcal jm ol (2 1 k.l/mol)? is calculated for sa licylic acid , it
follows that Rt = 1.16.

Co mpa rison of th e R1 values for aminoa nthraquino nes!" is a lso int eresting,
yieldin g R1 = 0.65; chro matogra phy was carried out on a poured layer of aluminium
oxide.

So far it is not possible to decide from these data whether th e given relation
ships are genera lly valid for the calculation of RI; valu es. It is apparent th at fur ther
measurements should be carried out with other types of sub stances in or der to decide
whether the relati on ship is generally valid or is val id in a given form onl y for a
part icular group of substa nces. A difficulty is encountered in th at the literature gener
ally con tains th ermodynamic data onl y fo r simple substances or for a single substa nce
in a given series which is separa ted chro ma togra phica lly.

Nonetheless, the importance of hydrogen bonds fo r chromatographic sepa
rations and the qu antitative expression of th eir energ ies has been verified and con
tributes to the genera l clarification of the chroma togra phic process taking place and
permits the predict ion of the beha viour of substa nces during th e separa tion, choice of
a suitable stationary phase and, hopefully in the future, exp ression of the difference in
the energies of intermolecular bonds.

REFER ENCE S

A. L. LeRosen . P. H. Ca rlton and P. B. Mosely. Anal. Chem .. 25 (1953) 666.
2 W. A. Schroeder. J. Amer. Chem . sse; 73 (1951) 1122.
3 J. K. Ca rlto n. Talanta, 9 ( 1962) 39.
4 D. W. Chasar, Che rn, Ind. ( London ) . (1973) 31.
5 R. V. Go lovnya and T. A. Mishar ina, J. Chromatogr. , 190 (1980) I.
6 R. V. Golovnyaand T. A. Misha rina , Usp, Khim .. 49 (1980) 171.
7 R. V. Go lovnya , Chromatographia , 12 (1979) 533.
8 J. Sliwisk and T. Kowalski, Microchem. J., 22 (1977) 226.
9 L. P. Pauling, The Na ture ofthe Chemical Bond. Corne ll Universit y Press. New York. 3rd ed.• 1960.

10 J. Franc. Collect. Czech . Chern, Com mun.. 22 (1957) 995.
II J. Fr anc . Collect. Czech . Chern. Com mun .. 24 (1959) 250.
12 J. Franc, Coiled. Czech . Chon. Commun.. 23 (l 95S) 1231.
\3 J . Franc, Collect . Cz ech. Chern. Com mun.. 24 (1959) 2 \02 .



152 J. FRA NC, J. SEC HOVEC

14 J. Fr anc , Collect . Czech. Chem . Comm l/n., 24 (1959) 2096.
15 J. Franc, Collect. Czech. Chem . Commun., 25 (1960) 657.
16 J . F ranc and M. Hajk ova, J . Chromatogr., 16 (1964) 345.
17 J. Fr anc , in K. Macek and 1. M. Hais, The S tationary Phase in Paper and Thin-L ayer Chromatog raphy ,

Elsevier, Amsterd am , 1965, p. 249.
18 J. Franc, Z . Elektrochem., 61 (1957) 1069.
19 J . M. Schulz and K. He rrm an, J. Chromat ogr., 195 (1980) 85.



Journal of Chromatography , 212 ( 19gI) 153- 166
Elsevier Scientific Publishing Co mpany, Amsterdam - Printed in The Net herl ands

CH ROM. 13,807

HIGH-PER FORM ANC E LIQ UID C H ROMATOG RA PHIC D ET ERMI NA
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SUMMARY

Th e sepa ra tion of catechola mines and ind oles using aqueo us acids as mob ile
phases with silica columns was investiga ted. Th e effects on retenti on of different
acids, pH varia tio n, ion ic strength and organic solvents were studied. A retention
model based on a qu asi-reversed-phase pa rtition at pH ::;; 2, supp lemented by ionic
inte ractions with silica at pH > 2, is suggested. With the aqueous acid-silica system
the colu mns showed high efficiency, high reprod ucib ility and extraordinary lon g life
times.

INTROD UCTI ON

The deve lopment of high-performan ce liqu id chro matogra phic (HP LC) meth
ods for the determi na tion of bioge nic amines and their metabo lites has resulted in
severa l approaches. In addition to procedures using ion- exchan ge co lumns", more
recent met hods are usually based on reversed-phase chromatography with hydro
phob ic stationa ry ph ases2

- 5 , often in the presence of ion -pair reagents. Th e advan
tages of reversed-phase systems ove r ion exchangers are improved efficiency and re
prod ucibility at higher speed . Th e ion-pair systems do, however, suffer from the same
basic probl em as the ion excha ngers, i.e. , the absence of reproducible retent ion as a
function of load . In ad di tion , the long equilibra t ion times an d high temperature
sensitivity limit the use of ion-pa ir systems . With out trying to reduce the grea t poten
tia l of reversed-phase co lumns, the limitati ons to their use sho uld also be acknowl
edged. No matter how well a co lumn is kept and prot ected, using pre-columns, etc. , a
slow but continuo us 'erosion' of the bon ded stationary phase ta kes place . The grad
ual appearance of more active polar sites resu lts in peak broadening , loss of reso lu
tion and poor retenti on reproduci bility, espec ially with basic solutes. A col umn life
time of only a few weeks is no t uncom mon .

Silica is a possible a lterna tive packing, but not when adsorptio n mechan isms
are invo lved. which creates more pro blems with bas ic so lutes than can be solved.
Persson and Karger? have show n stra ight-phase partiti on in the presence of ion -pair

0021-9673/81/0000-0000/$02.50 l~) 1981 Elsevier Scientific Pu blishin g Co mpa ny
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reagents to be one altern at ive. Wheal s7 made use of the ion-exchange capability of
silica a t pH 10, and found th at th e so lubility of silica at high pH was no problem with
large amounts of methanol in th e aqueous mobile phase. The use of aqueous acid s as
th e mobile ph ase with silica co lumns had not been stud ied unt il Crornrnen" consider
ed it in a recent paper.

In thi s work th e determination o f biogen ic amines using a silica column and
aqueous acids as the mobile ph ase was examined, specia l att en tion being paid to th e
requirements for routine methods, suc h as high speed, high reproducibility and long
colum n lifetimes. The results are discussed in relation to th e recent work of Crommen
with aq ueo us ion-pa ir reagents on silica.

EXPE R IMENTA L

Apparatus
The HPLC equipment consisted of Waters Model 6000A solvent-delivery sys

tem , a Waters U6K valve-loop injector and a Waters Model 440 absorbance detector
(280 nm). For the detection of alcohols a Waters R 401 differential refractometer was
used .

One column (4.6 x 250 mm 1.0.) was packed with 5-Jlm Spherisorb S5 silica
(Phase Separations, Queensferry, Great Britain), which had a specific surface area of
220 m 2 jg. Injection of epinephrine gave an HETP of 0.05 mm , with an asymmetry
factor, As = bla. of 2.0, measured a t 10 % of the peak height.

The other co lumn (3.9 x 300 mm 1.0.) was pack ed with 10-llm JlPorasil-60A
silica (Wa ters Assoc. , M ilford , MA , U.S.A.), which had a specific surface area of 500
m 2 jg. The pack ing was deacti vat ed (no t silanized) by the manufac turer to be useful
for gel filtr ation, but specific info rmation on the de acti vati on pr ocedure could not be
obta ined . With epinephrine , H ET P va lues of 0.1 0 mm were obtained , with an asy m
metry factor of 1.8.

The pH measurements were made with a Beckman H5 pH meter with a n
Ingold 405-M3 co m bined microelectrod e or with a Metrohm E 396 B pH met er.

Detection
UV detect ion was used throughout thi s work . A comparison of UV, electro

chemi cal and fluorescence detecti on of catecholamines a nd indoles has been mad e
and will be published separat ely",

Chemicals
Doubly distilled water was used. Dodecyl hydrogen sulpha te, perchloric acid

(70"C), sodium perchlorate, trichloroa cetic acid, formic acid (9~-100 ~~) and sulphuric
acid (95-97 %) (all pro analysi gr ade) were obtained from Merck (Darmstadt,
G .F .R.). Monochloroacetic acid (purum grade) a nd dichloroacetic acid (puriss
gra de) were supplied by Fluka (Buchs, Switzerl and) , acetic acid (99.5 1.,) by Bak er
(Phillipsburgh , NJ , U.S .A.) (an alyzed reagent grade) a nd methan ol and acetonitri le by
Rathburn (Wa lkerburn, Grea t Brit ain ; HPLC grade). All the standa rd substan ces
were obtained from Sigm a (St. Loui s, MO, U.S. A.) .

Stock so lutions of th e sta ndards in 0.01 M perchloric acid (ca. I mg jml ) were
sto red a t - 20"C. Owin g to th e limit ed sta bility of indoles and N-acety ldopamine, fresh
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soutions were prepared every 3 weeks. The limited solubility of melatonin, N-acetyl
sero tonin and methylated tryptamines was overcome by the prior addition of 25 pi of
acetonitrile to th e 0.01 M perchloric acid.

Chromatographic procedures
The mobile phases were degassed for I h in an ultrasonic bath. After storage

the columns were washed with water for 20 min at 2 ml /min. After a change of mobile
phase, eq uilibrat ion for 10 min at 2 ml/min was sufficient, as con trolled with a stan
dard mixture of indoles. All separations were performed at ro om temperature. After
use the silica columns were washed with water and stored in meth anol.

RESULTS AND DIS C USSION

Eff ect of acids
In order to examine the effect of different acids, aqueous solutions of acetic

acid, formic acid , monochloroacetic acid (MCA), dichloroacetic acid (DCA), tri
ch loroa cetic acid (TCA), sulphuric acid and perchloric acid were tested as mobile
pha ses for chroma togra phy o f one group of ten catecholamines and one group of
eigh t indoles on silica. The 0.1 M concentrations of the organic acids were chosen to
ensure a large excess if any ion- pa ir effects were present. Decreasing the concentration
of pcrchloric acid from 0.1 to 0.01 M had no effect on the retention , but could have a
positi ve effect on the column sta bility by increasing the pH from I to 2, as the specific
pore volume of porous silica is constant at pH 210

; 0.01 M sulphur ic acid ga ve th e
same results as 0.0 I M perchl oric acid and therefore ha s not been included in T a bles
I and II. The dissociation constants of the organic acids and the pH of the aqueous
so lut ions ar e given in Table III.

The retention data and the chromatograms showed th at weak acids, such as
acetic acid and to some extent also formic acid, produced highl y retained , broad
peaks of solutes with basic functi ons, especially th e substituted catecholamines and
tr yptamines. The acidic compounds had lower retentions and sharp peaks. The reten
tion was only weakly affected by the acid strength. The neutral compound mel atonin
gave broad , well retained peaks in all of the media . Generally, the best efficienc y and
resolution were obtained with perchloric and trichloroacetic acids. The lack of res
olution between EPI. DA and NMET showed that the separation system had limita-

tions.

pH variation
In order to study the influence of pH on th e retention at a constant concen

tr ation of anions, a group of catecholamines and indoles were chro matogra phed with
perchlorate (Fig. I) and trichloroacetate (Fig. 2) at different pH. The pH was varied
by adding 6 M sodium hydroxide solution to 0.1 M solutions of the acids and me asured
with a pH meter. At pH > 3 the retention of N E, DA. EPI and EPI-Me increased
to k' > 20 with both perchlorate and trichloroacetate, and the peaks became broad
and asymmetric. For T. 5-HT. NMET and M ET the increase in retention was signifi
ca ntly lower, and lower with perchlorate than trichloroacetate. For IAA, 5-HIAA, N
Ac-5-HT, MEL and HVA the retention decreased with increasing pH, especially at
pH 4-5.
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TABLE I

CA PACITY FA CTORS OF CAT ECHOLAM IN ES AND HOMOVANILLI C ACID ON SPHERI
SORB SILICA (5 Ilm) WITH AQUEO US ACIDS AS THE MOBIL E PHAS E

Catecholamines:

Homovanillic acid (H VA ) :
H.fO~OOH

HO

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

._---~---

Compound Abbreviation R, R2 RJ R4 Rs
.. -- --_. ---_.,---- .._~-_. _--

No repinephrine N E H H OH OH OH
Epinephrine EPI CH J H OH OH OH
Dopamine DA H H H OH OH
Normetanephrine NMET H H OH OCH J OH
Metanephrine M ET CH, H OH OCH J OH
Epinephrine methyl eth er EPI-Me CH, H OC H J OH OH
N-Acetyldopamine N-Ac-DA COC HJ H H OH OH
Dopa DOPA H COOH H OH OH
- _ .. - '-~~--,.. ------- ....._-------- --- -, ..

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

Compound OJ)] M 0.1 M 0.1 M 0.1 M 0.1 M 0.1 M
HClO4 TCA DCA MCA HCOOH HOA c

._---- -

NE 0.27 0.21 0.31 0.59 0.60 5.35
EPI 0.52 0.56 0.52 0.9 7 2.68 7.9
DA 0.52 0.56 0.52 0.97 2.68 7.9
NMET 0.52 0.56 0.52 0.97 2.84 8.0
MET 1.35 [ .48 1.22 2.24 6.6 17. [
EPI-Me 1.29 1.22 1.06 1.92 6.0 16.1
HVA 0.94 0.76 0.65 0.68 0.90 0.68
N-Ac -D A 1.16 1.00 0.84 0.90 1.16 1.03
DOPA 0.05 0.2 1 0.37

. . - - _ .._-

Thus, different selecti vitie s co uld be obtained by varying the pH . At pH 1- 3 the
type of anion was less important, whi le at pH > 3-4 more distinct effects could be
o bta ined with trichloroacetate than with perch lorate.

Exa mples of changes in selectivity are shown in Figs. 3 and 4.

Ionic strength
If the retentions (k ') in 0.1 M acetic acid (pH 3) in Tables I and II are compared

with those in 0.1 M perchloric acid (pH 3) and 0.1 M trichloroacetic acid (pH 3) in
Figs. I and 2. a striking difference is observed . So lutes with bas ic functions were
retained very strongly in 0.1 M acetic acid (pH 3) whereas ac idic and ne utral so lutes
were little affected. The cation (H +) concentration in 0.1 M acetic acid was 0.001 M,
whereas the cation (Na +) concentrat ion in the two other so lvents was close to 0.1 M .

Apparen tly the cation-exchange capability of silica at thi s pH was sufficient to
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TABLE II

CAPACITY FACTO RS OF INDOLES ON SPHERISORB SILI CA (5 flm) WITH AQUEOUS ACIDS
AS MOBILE PHASE

4 / n2
~iAJ----i(C60 3

1

H1CH2N~()
lndoleamin es: 6~1 '~

7 HI

. -- "._--" .._-

Call/pound Abbreviation R, Rz R3

Tryptamine T H H H
Seroto nin 5-HT H H OH
N-Acctylserotonin N-Ac-5-HT H CO CH 3 OH
Melatonin MEL H CO CH 3 OCH 3

N-Methyl tryptaminc N-Me-T H CH 3 H
N,N-Dimethyltryptamine N,N-Di -Me-T C H3 C H3 H
_..~ -_._~ .-

lndoli c acids : n~OOH

H

Indole -J-acertc acid (IAA), R = H
5-Hydroxyindo le-3-acetic acid (5-HIAA), R = OH

4 0(

Tryptophans:
nnrH1YHCOOH

6 1 NH1
7 Nl

H

Trypt ophan (T RP), R = H
5-Hydroxytryptophan (5-HTP), R = OH
5-Methyltryptopha n (5-M e-TRP), R = CH 3

Compound OJ)] M O.IM (1.1 M (I.IM (I.IM (I.1M
HClO4 TCA DCA M CA H COOH HOAc

5-HT 0.68 0.71 0.65 1.27 3.63 10.4
T 2.56 2.61 1.73 3.19 11.7 28
5-HTP 0.40 0.46 0.43 0.68 1.09 1.86
T RP 1.22 0.84 0.95 1.36 1.89 2.37
5-HIAA 0.45 0.37 0.33 0.33 0.40 0.33
IAA 1.06 0.78 0.65 0.70 1.15 0.80
N-Ac- 5-HT 1.54 1.25 1.06 1.19 1.54 1.32
MEL 7.6 5.3 3.9 4.5 7.3 5.4

TABLE III

DISS OCIATION CON STAN TS AND pH VAL UES IN AQ UEOUS SOLUTIONS

Acid pK. pH
in 0.1 M solution

TCA 0.70 1.3
DCA 1.48 1.5
MCA 2.85 2. 1
HCOOH 3.75 2.5
HOA c 4.75 3.0
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Fig . l. Rete ntion on Sphe risorb S5 silica as a function of pH with 0.1 M HC I0 4 + NaO H as mo bile phase .
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Fig. 2. Retention on Spheriso rb S5 silica as a funct ion of pH with 0.1 M TeA + NaO H as mobile phase .
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l
o 5 10 Min

Fig. 3. Separation of six components involved in the metabolism of tryptophan with 0.1 M NaCI04 (pH
5.05) as mobile phase .

l
I

'"

o 5 10 16 Min

Fig. 4. Separati on of six components involved in the metabolism of tryptophan with 0.1 M trichl oro acetate
(pH 4.70) as mobil e pha se.
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,
k
1,0

------------------- N-Ae-5 -HT

---------- T

----------------- N-Ae - DA

----------MET

---------------- 5-HT
___=======================NMET

'EPI/DA
NE

0,050.01 0.1 Cone, CI04
(10'1)

Fig. 5. Retention on flPorasil-60A at pH 2.0 as a function of CIO; concentra tions.

cause a high retention of basic solutes. As the charge density of silica at pH 3 is very
low, large effects can be obtained by moderate changes in the cation concentration.

When 0.04-0.09 M sodium perchlorate was added to 0.01 M perchloric acid
(pH 2), the retention was ind ependent of or slightly decreased with increasing amount
of perchlorate (Fig. 5). Th e addition of sodium perchlorate resulted in slightly sharper
peaks and also in some small changes in selectivity (Fig, 6).

B

'"U
C
o

.D

o
Ul
.D
<r

A

-c
o

~ ,

I- U
w ~
~ z

o 2 t: Min a 2 Min

Fig. 6. Separa tion of metanephrine from N-acety ldo pam ine o btained by adding 0.04 M NaC IO. (B) to 0.0 I
M HC10 4 (A) on pPorasil-60A.

Addition of organic so/vents
Addition of small amounts of methanol or acetonitrile to the mobile phase

strongly reduced the ret ention of the more hydrophobic components (Fig. 7). By
adding 2 % methanol to the perchlorate solvent, isomeric 7-Me-T, 5-Me-T and N
Me-T were resolved and separated from T, TRP and Me-TRP (Fig. 8). Acetonitrile
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6

2

N-Mc-T
5-Mc-T
7-Mc-T
T

2 5%McOH
Fig. 7. Effect of addition of methanol to 0.04 M NaCl04 + 0.01 M HCl04 on the separation of trypt 
am ines on Sph erisorb S5 silica.

o 5 10 Min
Fig. 8. Separation of tryptamines and tryptophans on Spherisorb S5 silica with 2 %methanol in 0.04 M
NaCI04 + 0.01 M HCI0 4 as mobile phase.

had a greater elution strength than methanol. Addition of 2 %of acetonitrile resulted
in decrease in resolution of 5-Me-T and 7-Me-T; otherwise the relative retentions
were similar.

The retention of ear ly eluting components, such as DA, NE and EPl, was
increased by the addition of methanol; addition of 1% incre ased the retention more
than addition of 20 %.

These results are not easy to explain, but presumably indicate the existence of
different retention mechanisms for the early and late eluting components.
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Functional group effects
As a summary of Tables I and II and as illustrated by Figs. 9- 15, the following

effects were observed . Introduction of hydroxyl groups (aliphati c or aroma tic) gave
sho rte r retent ion. 0 - and Nsme thy lation gave longer retent ion . N-Acetylation gave
pH-dependent retent ion , lon ger at pH S 2 and sho rter at pH > 2. An increase in the
alkyl chai n length result ed in an increase in retention, as sho wn by the alcoho ls in Fig.
16. Ca rboxy lic acids were eluted prior to the corresponding amides. Amino acids
were eluted prior to the corresponding amines.

WI- 0::z w W
I

'"
Z '"u ~

c: ECl
.D

~a I-VI
J:J « w
« I

02 02M,n

Fig. 9. Separation of the metabolite normetanephrine from its precur sor no repinephrine with 0.04 M
NaC I0 4 + 0.01 M HCI0 4 on JIPora sil-60A.

Fig. 10. Separa tio n of th e metabo lite metanephrine fro m its precur sor epineph rine with 0.04 M NaCI04 +
0.0 1 M HCI0 4 as mob ile phase on JlPorasil-60A.

o
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.D

~
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«

et
o
o

o 2 M,n a 2 6 Min

Fig. I I. Separation of no repinephrine and epinephrine with 0.04 M NaCI04 + 0.0 1 M HCI0 4 as mobi le
phase on Spherisorb 55 silica .

Fig. 12. Separation of precu rsor s and metabolites of dopamine with 0.04 M NaCI04 + 0.0 1 M HCI0 4 as
mobi le phase on 5p herisorb 55 silica.
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Fig. 13. Separation of metab ol ites of tryptophan with 0.1 1'.1 TeA as mobile phase on Spherisorb S5 silica.

Fig. 14. Separation of indol es and metabolites with 0.041'.1 NaCl04 + 0.011'.1 HCl04 as mobile phase on
Spherisorb S5 silica.
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Fig. 15. Separ ation of four indol ic acids with 0.1 1'.1 acetic acid. as mobil e phase on Sph erisorb S5 silica .
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I
o-WI

I 0
o a:
<!l I
::L C
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::J

CO
I

C

62a Min
Fig. 16. Separation of alcohols with 0.04 M NaClO. + 0.0 1 M HClO. as mobile phase on Spheriso rb
silica.

Addition of dodecyl sulphate
In order to try to improve the selectivity of the early eluting catechola mines,

mobile phases consisting of 0.0 I M dodecyl hydrogen sulphate in 0.1 M formic acid at
pH 2.5, 3.0 and 3.4 were tested on NE, DA and EPI. The retenti on was slightly
'Iower tha n in 0.1 M formic ac id a lone, the peak sha pe at higher pH was only
slightly improved and no sepa ra tion of DA and EPI was obtain ed.

As the additio n of an ion-pair reagent with a C l 2 chain did not increase the
retentio n, the conclusio n that can be dr awn is either tha t N E, DA and EPI did not
form ion pa irs or that the formation of ion pair s had litt le effect on the retent ion .

A similar retention of the th ree components was act ually obtained by Crorn
men" with camphor- IO-sulphona te as the assumed ion -pairing reagent and yet the
conclusion was drawn th at ion-pai r forma tion could be used to regulate (by increas
ing) the retention of the mo st hydrophilic biogenic amines on aqueous silica. Based
on the experim ental results th is conclusion cannot be accepted .

Retention mechanisms
As can be seen from the effects of different functional groups, a reversed-phase

elu tion order was genera lly observed, in agreement with the findings of Crommen", A
decrease in the retention of hydr ophobic compounds as a result of adding orga nic
solvents also supported the concept of a quasi-reversed-phase system . The pH effects
were genera lly in line with, but could not be explained solely by, " reversed-phase
partition " .

As " reversed-phase partition" requires a sta tio na ry phase that is less polar
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than the mobile phase, the postulated model contains a stationa ry phase of water
adsorbed on silica and a mobile phase of the aqueous acid with or without an organic
solvent. At low pH (1- 2) the retent ion of moderately and highly retained components
depends mainly on the partition coefficients between the two liquid phases, without
direct contact with the silica surface . At higher pH coulom bic forces can compete
with and also overshadow the effect of Van der Waals forces, owing to direct contact
with silica ca used by a reduction in the amount of adsorbed water. The behaviour of
components with low retentions cannot be satisfac torily explained by thi s model,
which probab ly mean s that hydroph ilic compounds can compete directly with water
for the silica surface functions.

Th e concept of partition chromat ogra phy without direct in terac tions with the
silica surface is supported by the fund amental studies of Scott and co-workers v'<P
on solute- so lvent interact ions on silica. The different mech an isms for hydrophilic
components is also in full agreement with th is work.

Th e appearance of ion-e xchange effects on increasing the pH is supported by
the fact that increased ionization of silanol groups reduces the amount of hydrogen
bond ed adsor bed water!". Th e experimental eviden ce was found in the stro ng reten
tion of basic solutes and the low retention of acidic solutes. As a natural consequence
of the redu ced volume of the sta tionary phase, the retention of neutral solutes de
creased. Th e postulated model do es not pretend to behave like a genuine reversed
phase system. Thus, the "salting-out effect" on adding salts to themobile phase is not
expected, and was not found , at least with the moderat e concentra tions examined.

Crornmen" showed that the reten tion of a number of different amines on
aqueous silica was increased by adding ion-pai r reagent s. The results of this study
show that the same is genera lly no t true for catecholamines and ind oleam ines. Except
for a predominantly reversed-phase elution order, the retent ions of amines, amino
acids and acids on aqueous silica cannot be described by one genera l mechani sm.

The prese nt conclusio n is that qu asi-reversed-phase pa rt itio n, adsorption/io n
excha nge and ion-pair form ation ma y contribute to the retenti on , depend ing on the
nature of the solute, the pH and the conte nt of acids/ions in the mobile phase.

Si lica
Th e sample retenti on is usually", but not necessarily, related to the specific

surface area of the silica. Thu s, the IO-/lm /lPorasil-60A packing with a sur face area of
500 m2/g generally gave lower retenti ons than the 5-/lm Spher isorb S5 packing with a
surface area of 220 m2 /g. Th e /lPorasil-60A pack ing had been deactivated by the
manufacturer, a procedure that is supposed to have reduced the density of silanol
gro ups. Since water is adsor bed to the silanol groups and not to the hydrophobic
siloxane surface!", the redu ction in the amount of adsor bed water should result in
decreased retention . Owing to the highe r retention , better resolution was normally
obta ined on the Sph erisorb S5 column. With silica of higher surface ar ea (600- 800
m2/g) improved resolution of the hydrophilic catecho lamines is expected . A study of
this and of the combination of silica with a cation excha nger is in pr ogress,

Reproducibility and column lifetime
Based in 10- 20 measurements on each component, the ca pacity factors in

Tables I and II were calc ulated with a relat ive precision (percentage sta nda rd devia-
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tion of the mean) of better than 2 % over a 10-h measuring period and better than 5 %
over a 2-week measuring period at pH 2. At pH > 2 the short-term precision was
lower (better than 10%).

Over an IS-month trial period with the same columns the retention of basic
components decreased slowly, the greatest decrease being for the basic highly retained
compounds, such as a 25 % reduction per year for tryptamine. This is the reason why
N-Ac-5-HT changed place with T in Fig. 14 compared with Fig. 1. After I year the
void volume of the Spherisorb S5 column had increased by 5 %.

The column efficiencies were maintained at the same high level over the 18
month trial period.
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IMPROV ED HIGH-FREQ UEN CY PERMITTIVI TY D ET ECTOR FOR TH E
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SUMMARY

A permitt ivity detector for high-performan ce liqu id chro ma tog ra phy (HPLC)
and fl owstream ana lysis employing th ree oscilla tors is described. The cell circuit is of
the Fr an klin type, and the third oscilla tor allows operat ion over the complete ra nge
of permittivi ties and prevents locking. A new variable-spacing conical plat e cell is
described and the detector applied to amino acids and HPLC of alcohols.

INTROD UCTI O N

The principle of detecting an eluting so lute by mean s of the chan ge in permi t
tivity of the carrier solvent is well known. The th eor y of such dete ctors has been
develop ed by Haderka ':". Mo st work published has involved low-permittivity, low
conductivity eluents with great emphas is on thermal considerationst" . Th e permit
tivity detector offers universal sensitivity with a different sequence of sensitivities
from the refractive index monitor togeth er with no theoretica l lower limit to the cell
volume. A compa rison of the relati ve cha nges of severa l bulk physical properti es in
Table I shows perm itti vity to be one of the most favou rable.

Three techniques of measuremen t have been described , in all of which the fl ow
cell form s a ca pacitor who se va lue varies with eluent permitt ivity. Th e heterodyne
method ? measures a change in the reso na nt frequency of an LC circuit with respect to
a stable reference oscillator. Alt ern ating current bridge meth od s:' typically measur e the
out of balance signal of a bridge inco rporating the flow cell in one arm. A time
constant based detector that measures the resistance-capacitance product has been
described ", but it ca nnot distingu ish bet ween changes in these two properties. Het
erodyne systems offer potentially the highest resolution which sho uld be proportion al
to their frequency of o pera tion.

The device descr ibed is a three oscillator heterod yne system, operat ing aro und
25 MHz designed to allow th e use of solvents of any permittivity.

In the conventional two osci llator appro ach7 th e difference frequency between
analyser and reference oscillator is passed to a frequency-to-voltage convert er to
produce a voltage output. Oft en the reference oscillator conta ins a second fl ow cell

0021-9673/81/0000-0000/$02.50 ~) 1981 Elsevier Scientific Publi shing Co mpa ny
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TABLE I

A COMPARISON OF BULK PHYSICAL PROPERTI ES (P ) IN TERMS OF RANGE AND FRAC
TIONAL CHANGE WITH TEMPERATURE, (dP/P)/dT"

Range Pmax.l ? min Runge
Pm in to 10- 3 (d P/ PJ/d t
Pmax

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

Stat ic permittivity 1.9- 80 + 40 20
Therm al conductivity
(mW em - 1 OK - ') 1.0- 6.1 6 3.0
Refractive index
(5893 nm ) 1.3-1.65 1.26 6.0
Viscos ity (cP) 0.3-10 30 1.6
Density (g ern - 3) 0.7-1.2 1.7 9.0
Ultrasonic velocity
(krn sec -I) 1.1--1.9 1.7 1.1
Magnetic susceptibility 0.99999-1 .0000 I
--_.~ ..., . ......_---_.,--_..

through which a reference flowstream runs. Mo unting both cells in the same block
offers the advantage of thermal compensation", but the added complexity of main
taining two streams makes it unattractive. In th e work descri bed here a crystal con
trolled oscilla tor is used to provide the reference frequency; to permit frequency
voltage conversion the difference frequency is made less than 100 kHz.

Two oscillators of similar frequency will tend to lock such that the sma ll
potential change in frequency du e to q small change in cell capacitance will no t be
observed at the output. This tendency to lock can be reduced by buffering and careful
shield ing, but locking occurred over severa l kHz with pre viou s devices? and it is
better to adopt a design which eliminates the problem totally.

If a single frequency quartz reference oscilla tor is employed the difference
freq uency will vary greatly with the eluent used , due to the wide change in cell
capacitance. Such a system can only be optimised for a small range of solvent permit
tiviti es un less th e p late spacing can be var ied to achieve the desired capacitance 
which, although possible, is not the best solution.

To overcome the "locking" problem it was initially arranged to run the ref
erence and cell oscillators about 667 kHz apart. This first difference frequency was
then mixed with a second cry stal oscillator op erating at 667 kHz and a second dif
ference frequency obtained which was converted to a voltage output as before. (There
is no scient ific significance to the choice of difference frequency ; anywhere in thi s
region would be all right.) The operating res trictions of such a devic e were as severe as
before and are shown in Fig . I. The cell oscillator frequency mu st lie within ± 100
kHz (the range of the frequency-voltage converter) ofj~ ± 667 kHz. By vary ing the
plate spacing this can generally be ach ieved, but perhaps only at und esirably large cell
volumes with consequent degradation of resolution .

To achieve greater flexibility, thi s fixed intermediate frequency oscillator was
replaced by a frequency synthesizer allowing op eration between j , ± 5 MHz. Thi s
wider operating range is shown in Fig. I an d allows the use of whatever plate spacing
is best from the views of mechanical stability and minimum cell volume for an y
eluent. This work describes the development of an improved capacitance cell and
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intermed iate frequency osci lla tor. ..... Propan -2-01; -- - . methano l- wat er (60 :40).

measurement circu it for high-performance liquid chromat ography (HPLC) and its
application is sho wn for the chro ma togra phy of a lcohols.

T HEORET ICA L

The theory of permitti vit y of mixtures (l-:m) is only fully understoo d for non 
associating mixtures of no n-po lar liq uids whose per rnittivities ( 8 1, (;2 ) are additive in
terms of vo lume fract ion s ( VI ' v2 ) :

(1)

For di lute so lut ions of po lar mol ecules such as the effl uent from HPLC col
urns. ( l'x < 10- 3

) , thi s may provi de a reasonable approx imatio n. If, however, th e
so lute is a solid or changes on d issolution, i.e., ionises, dimeri ses or forms zwitterions,
no such th eoretical approximat ion is justified . It is found in practice that at suf
ficient ly low concentra tio ns th e increase in relative permitti vity is linear!"

(2)

where nI2 is the so lute mo larity and 6 is a consta nt, the dielect ric increment of the
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Fig. 2. F req uency determining compon ent s of an ind uctance-capacitance (LC) osc illator.

solute. Values for 6 ca n be pred icted, e.g., Oster 's equation to and the same reference
give s a selectio n of values for am ino-aci ds and other compounds in aqueous solution.

For th e presen t study th e predicted resp onse of th e detector, iJ.I~ will be derived
in terms of 6.

The frequency determining po rt ion of th e Franklin oscillator is shown in Fig.
2. The parallel ca pa cita nc e, Cp , is the stray capacitance of leads, etc ., am ounting to
about 0.5 pF . The frequency (f) will be given by

(3)

where L is th e inductance and the total capacit ance, C r , is given by:

(4)

C, is the cell ca pacita nce with solvent in the cell and C, the series capacitance. Rear
ranging eqn. 4 and subst ituting into eqn. 3 gives:

(5)

When the cell is full of sol vent of permitti vity 1:1 , Cc = A1: 1 , f = .I;, where A
const ant. When the cell is filled with th e mixture, f = j;" and :

(6)

Substituting eqn . 6 in to eq n. 5 for th e cond it ion!" = ./:" results in :

(7)

If 111 2 ~ I the latter two terms can be expanded by the binomial theo rem:

(8)
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(9)

Subtrac tingr, to obtain the differ ence frequenc y (Ll./) and replacing A = Cje l yields :

. .!;[mI1CJ ';
A] = ;:;--. --'- , ....-----, -,--... --, - '-.--

_ 1:1 [Cc(e, + Cp) + C,e p] ( C , + Cp)

Using eqn . 3 this gives :

(10)

Defining a circuit constant Z = CcC; / C,(Cc + cy and converting into con
centra tion (X) units where M 1 is the molecular weight of the solute such that X =
1Il 1 M1 / 1000 yields:

(II )

To obtain a high sensitivity one requires high op erating frequency, low permit
t ivity solvents and maximum Z. Th is last condition means making cell capacitanc e,
Cc , small compa red with C, and eliminating as mu ch stray capacitance, Cp, as
possible. A complication is th at the cell capacitance is composed of two parts and is
better represented by C, = C\ + B = A l:I + B where C1 is th at due to the filling
liquid and B is due to stray paths through the air. Substituting C1 fo r C, lead s to a
redu ced value (2') for the circuit cons tant Z. For the cell described B = 4 pF
(mea sured on a 0.1 % br idge at I MHz) and the typica l value of C, = 17 pF used
mean s tha t the uncorrected va lue of Z is 24 %high . Thus cell design mu st atte m pt to
mini mise stray capac itance.

EX PERI M ENTA L

A block diagram of det ector circuitry is shown in Fig . 3; th e power supply used
was a ± 15-V encapsulate d unit (R .S. Components Ltd.) with 0.1 % vol tage regu
lation. Th e cell osc illato r, of the Fra nklin design 1 1 , op erated nominally at 25 MHz,
but was able to swing between 17 and 31 MHz. Th e reference was a crystal oscillator
work ing on the third harmonic of an 8.579-M Hz crysta l to give an ou tpu t of 25.736
M Hz. The frequency synthesizer was programmed fro m a set of bin ary- coded decimal-

fr equency - to 
.. vo lt age
co nverter

read-ou t

Inte r m ediate
freque ncy
OSCillator

Fig. 3. Block diagram of three-oscillat or detector.
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7
I

/
,I

! 1 em

Fig. 4. Conical plate perm itt ivity cell (sectio n across diameter) . I = Capillary inlet from column; :2 =
insulating bush ; 3 = grou nd plate ; 4 = PTFE space r; 5 = cell out let and PTFE tub ing; 6 = cell bod y; 7 =
threaded rod forming moveable " high" plate.

encoded logic switches mounted on the front panel of the device. It produced a
squa re-wave output between 3 kH z and 5 MH z in l-k Hz steps. Th e frequency-to
voltage converter (R.S. Co mponents Ltd .) had a linearity of 0.1% up to 100 kHz.

The pumps used were an HPL-H M (M PL Ltd.) meter ing pump, with a house
built pump damper for chromatog raphic studies and a Masterflex (Cole-Palmer Inc.)
peri stal tic pump with conti nuo usly variable pumping speed for deve lopment wor k.
Solvents and chemicals used were of the highest puri ty obta ina ble and were degassed
by boiling und er redu ced pressur e to avoi d bubble formation within the cell. All
amino acids used were "chromatogra ph ically pure grade" (BDH , Poole, G rea t
Britain).

The cell shown in Fig. 4 was of PT F E and sta inless-stee l constr uction. The
co lumn effi uent entered thro ugh a sho rt len gth of 0.006-in. or 0.01O-in. 1.0. stai nless
stee l tu bing (Phase Separatio ns, Queensferry, Great Brita in) into a co nical ca vity
imp inging onto a matching co nical pla te. T he spaci ng could be varied by screwing-in
this plate by O.025-in . per turn . The volume between the con ica l plates was 5.5 III per
turn and the stray capacitance in air was 4 pF. Th e effluent passes out betwee n the
plat es and a PTFE spacer int o a PTFE exit tube.

In the chroma tographic work a Specac 30- 100 sampling valve (Specac-Sidcup)
fitted with a 10-llI sample loop was used to int roduce samples onto a 10-J.lm U 
Chrosorb RP- 8 column (20 em x 4.6 mm 1.0. ).

RESUL TS

Experiments were performed to verify that response was proportiona l to 15/!vI
(eqn. II).

Amino acids were selected for their high 15/!vI values typically 0.1 < i5/ !vI < 0.6
due to the for mat ion of zwitterio ns, Solutio ns were mad e up in methan ol- water
(50: 50) in th e ran ge 1-1 0 g 1- 1 and passed sequenti a lly throu gh the cell using a
peristalt ic pump. the so lutions bein g first equilibrated in a therm ostatted bath . The
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Fig. 6. Response found plotted aga inst pr edicted sensit ivity in methanol-water (50 :50). 1 = Sorb itol; 2 =

glucose; 3 = succini mide; 4 = proline ; 5 = norvaline ; 6 = alanine; 7 = glycine ; 8 = jJ-alan ine ; 9 =
glycylglycine; 10 = 6-amino-n -hexanoie ac id; II = benzoic acid .
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change in frequency, J./; was measu red with respect to the solvent blank . To avoid
errors due to ch an ges in th e methan ol- wat er rat io and hence carrier perm ittivity. the
so lvent was not heat ed to dissol ve the acid but ra ther st irred und er sea led co nditions.
It was not possible. genera lly, to make a stock so lutio n in th is way contai ning more
than 10 g 1- ' . The so lvent was degassed beforehan d whilst stirring under water
pum p vacuum . Over this limited conce ntration range linear cali brations of response
were obtained as shown in Fig. 5 and the slopes of these are plott ed aga inst (51Min
Fig. 6 and present ed in Table II togeth er with values for glucose, sorbitol and benzoic
acid.

TA BLE II

LIST OF RE SPON SES TO AM IN O ACIDS AND OTHER COMPOUNDS IN METHANO L- WATE R
(50:50) (25.1 MH z)

All amino acids are BD H "c hromatographically pure grade".

Compound S lope
( M Hz ml g ' l )

1' ( CJ (jI M

Succin imide 2.0 21.0 0- 10
1.9 0 10

L-Tryptophan 4.0 0 ·5
4.9 22.8 0- 3

{i-Phcnylalan ine 4.3 22.6 0-3
4.4 23.1 0 ·3

L-ProIi ne 5.4 25.1 o 10
5.3 0 10

L-Ala nine (ex) 7.0 21.4 0- 10
7.3 o 10

Glycine 9.2 24.0 0 ··10
9.0 25.6 0- 10

/i-Alanine 12.0 20. [ 0 -10
11 .8 20.1 05

Glycylglycine 15.3 25.0 0··3
18.1 0 ·3

6-Amino- 20.8 19.0 0 -8
n-hexanoic acid 21.5 23.8 0-5
Norvaline 7.5 19.2 0 5

7.8 21.6 0 ·5
Benzoic acid 1.9 0- 10

2. 1 25.2 0-10
._-_.-

0.11

0.18

0.27

0.31

0.39

0.54

0.56

0. 19

0.61

It can be seen that with the nota ble exception of benzoic acid a reasonable
straig ht line is obta ined . Indi vidu al slopes were ave raged ove r four runs using a least
sq ua res fitt ing programme, run on a Nascom 2 microcomputer, to eva lua te the rela
tive sta ndard deviati on as bet ween 9 and 16%.

The gradien t.of Fig . 6 is 30 MHz ml g- l as aga inst a predicted value (Co = 17
pF, Cp = 7.5 pF / C, = 15 pF) of 43 MHz ml g -l . It is important to note that
published valu es!" of (51M were o btained in aqueous so lution while th ese results are
for methanol- wat er (50:50). It ha s been shown '? th at the dielectric increment of the
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amino acid x-butyrine is largely independent of solvent permittivity (between 35.4
and 134.9) or solution water content so that this approximation is of some value. The
same source indicates that the increment is a lso nearly independent of temperature
and concentration. This is presumably due to the fact th at charge transfer is internal
and complete so that solution effects are unimportant. Benzoic acid gives less re
sponse than expected, presumably since the ioni sation (which gives rise to solvent
ordering and hence a reduction of permittivity) is suppressed on the addition of
methanol. The sugars give about a quarter of the predicted response, perh aps due to
changes in equilibria between the various ring forms and conformational isomers in
solution.

It is usuall ' to buffer solutions of amino acids to incre ase retention on re
versed -phase columns but the conductivity of the buffer acts as a large adm itt ance in
parallel with the cell and causes spurious changes in the oscillator frequency. It was
not possible to gain any significant separation of am ino acids (as indicated by a fixed
254-nm UV dete ctor operated in series with the permittivity detector) at concen
trations below 0.025 M acetic acid which was found to be the maximum tolerable
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Fig . 7. Chromatogram of primary alcoho ls on LiChrosorb RP-8. methanol-water (60:40) . 1.1 ml min '.

Fig. 8. Variation of peak height o btai ned in methanol-water (50 :50) aga inst vo lume inject ed (C, = 30 pF).
Curves : I = prop an-I -ol : 2 = but an-I -ot ; 3 = pcnt an-I-ol ; 4 = hexan-l -o l.
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level. This means that although there is sufficient sensiti vity, the detector is unsuitable
for the detection of amino acids in practical HPLC.

Primary alcohols are miscible with methanol-water mixtures and ha ve a wide
range of permittivities. Solutions were made up in the range 0.2-100 % (vjv) and
introduced via a 10-J11 sampling valve into an eluent of methanol-water (60:40 ). Th e
resulting chromatogram is show n in Fig. 7. Graphs of peak height against volume
injected are shown in Figs. 8 and 9. The expected order of sensitiviti es is reversed du e
to the order of elution which spreads the less pol ar , higher alcohols more.

Since sensitivity should be linear at low concentrations the area under the peak
should be proporti onal to the weight injec ted x fJ /M. Solutions of alcohols (10 %,
w/v) were made up in methanol and 10-J11 samples injected onto the column at a flow
rate of 1.5 ml min - I of methan ol-water (70 :30 or 50:50). Th e area of the peak was
found by cutting and weighing, and plotted against bjM , a measure of pred icted
response (F ig. 10). (R elative standard deviation on cutting and weighing was 2.8 It) .)

Volum e ot alcoh o l Inject ed <fJll
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o
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~
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'"IlJa:: 20

30 40 50
61M x 1JO
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Fig. 9. Log- log gra ph of peak height agai nst amo unt injected in meth anol-wate r (50 :50) (C , = 30 pF).
x = Prop an-I-ol ; 0 = buta n- I-o l; 0 = hexan-l-ol. Line draw n has a slope of + I for comparison .

Fig. 10. Peak area respon se aga inst JI M for severa l pr imar y alcoh ols in meth anol-water (70:30) (full
circles) and methanol- water (50 :50) (open circles). I = Propan-l -ol ; 2 = butun- l-o l; 3 = pentan-l-ol ;
4 = hexan- l-ol.

For the individual solvents th e relationship is as might be expected; the reason for the
different gradients betwe en the two solvent systems is not obvious but is possibl y
connected with the differing degree of solvation of the alcohols in the more aqueous
medium. (Hexano l was not adequatel y chromatographed in the lower permitti vity
medium to warrant plotting the po int. )

CONC LUS IONS

Th e instrument described , employing a very sta ble Fr anklin type osci llator for
the cell circuit and second int erm ediate frequency to prevent locking, is a significant
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improvement over the earlier dev ices. The new cell employed ha s better stabi lity
characteristics than the parallel plate cell used earlier. is less prone to bubble for
mation and has minima l dead volume. The detection system has shown itself mo st
useful for the sample alcoho ls and amino acids. the cond uctivity of the buffering
media. however. prevents its exp loita tion at present.
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SUMMARY

Class specific F(ab'}z antibody fragments were prepared by pepsin digestion of
the labile Fc immunoglobulin fragments in antigen-antibody precipitates. The
Ftub), fragments were covalently coupled to cyanogen bromide-activated Se
pharosew 4B and the resultant immunoadsorbent used to isolate IgG from human
serum with a single chromatographic step, in high yield and purity and negligible
non-specific interaction. This technique affords a simple method for preparing an
enriched source of class specific affinity-purified immunoglobulin .antibodies suitable
for many immunochemical applications.

INTRODUCTION

The use of affinity-purified antibodies in the preparation of immunoadsorbents
should, theoretically. increase the specific binding capacity of the immunoadsorbents
and minimize non-specific interactions. However, the conventional method for pre
paring affinity-purified antibodies involves a number of steps. The antigen-matrix
immunoadsorbent is first prepared and used to isolate specific antibodies by suitable
elution techniques. After subsequent dialysis, concentration and characterization, the
antibodies are used to prepare an antibody-matrix immunoadsorbent. The degree of
protein denaturation increases with the number of manipulations.

Pepsin hydrolysis of immunoglobulins has revealed that the Ftab), fragment is
the major undigested product resulting from the proteolysis of IgGI,2 . Since this
fragment possesses the two antigen binding sites of the parent molecule it is still an
effective truncated antibody molecule capable of binding the complementary antigen.
The class specific Fe region of the immunoglobulin molecule is the most immunogenic
part of the molecule:'. Consequently, antisera raised to immunoglobulins consist
mostly of antibodies of the antigenic determinants in the class specific Fe region .
Lachman" employed pepsin digestion of antigen-antibody precipitates at optimal
proportion to prepare class specific anti-immunoglobulin antibodies as Ftab'), frag
ments. The application of this method to other antigens depends, however, on their
susceptibility to pepsin dig estion.

0021-9673 /81 /0000-0000/$02 .50 (~) 1981 Elsevier Scientific Publishing Com pany
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T he rem oval of th e Fe portion o f the immunoglobulin molecule sh ould aff ord
seve ral ad va ntages : (i ) it should min imize the co ntr ibut ion to non-speci fic bind ing
associated with th e heter olo gou s an tibod ies":" a nd (i i) since com pleme nt binds pr i
m ar ily to th e Fe regi on remo val of th is region sho uld elimina te seru m com pleme n t
bindi ng to solubilized an t ibody 7

.

In thi s stu dy we repo rt th e pr ep ara tion o f cova lent conj ugates of immunoglob
ul in Frub), fractio ns with cyanogen bro mide -activ a ted Sepha rose w 4B and de m
onstra te that the F(ab'h-matrix immunoadsorbent is m o re efficient than the intact
antibody- matrix imm unoadsorbent in th e purificati on of cla ss spec ific IgG from
po ol ed , who le human serum. Trunca t ion o f th e a nti bo dy molecule d id not im pair the
capacity of the an tibod ies to bind reciprocal an t igens. In add itio n, no sever e loss in
sta bil ity and act ivity of the cyanogen bromide-acti vated Sepharose 4B- F( ab' h im
muno ad sorbent was observed after five se r ial ad so rpt ion-desorpt io n cycles . T he anti 
body (sheep a nti-h uman IgG ) used in the present study for pr ep aring th e F(ab 'h
fracti on and in previous studies fo r preparing imrnunoadsorbcnts'' :" was obta ined by
am moni um sulpha te preci pi tation o f crude imm unoglobu lin from. who le human
serum fo llowed by D EA E-cellul ose anion-exchan ge chromatography of th e dissol v
ed p recipitate. On ly a sm a ll portion (a bout 10 ~~;,) of the resultant IgG fraction is
spe cific an t ibod ies (most of th e imm unoglo bu lins arc inert or no n-sp ecific ). Nevert he
less , the use of Ftab' ), fra gmen ts de r ived fro m im m une precipitates results in an
approximately 10· 20 fo ld purificat ion of the in itial anti body fra cti on .

M AT ERI AL S AND M ET HO DS

Cyanogen bromide-act ivat ed Scphurosc w 4B a nd Scpha dcx ® G -150 (40- 120
,um bead s) were o bta ine d fro m Ph armacia (U p psa la, Sweden). Shee p a nti-h uma n IgG
(batch Z511 G, 24. 7 m g ml- I

) , human IgG (ba tch 0152, 6.34 mg ml - 1
) and NIRDL

(norma l human seru m co de number BR 99) serum sta nda rd were purch ased from
Sewa rd Labo ratori es (Lo nd o n, G rea t Britain) . Chromatogra phy co lum ns G A 10 x
15 (1.0 x 15 em ) were obtained from Wrigh t Scient ific (Kenley. Great Brita in).
Pepsin was purchased fro m W orthingt o n Bioch emical Corpo ration (Freeh old , NJ .
U .S.A .), aga rose for imm unochcmica l assays from Fiscus (Lo ug h bo rough. G rea t
Britain). The materia ls used for preparing buff ers and salt so lutio ns were of AnalaR
grade.

Preparat ion oj' antigen -om ibod y ( hull/ali IgG . sheep ant i-ltutnan IgG ) prec ip itates
T he t itre (the amoun t in mg of an tigen which reac ts with a known amoun t of

an tiserum a t the equiva lence po int) o f the shee p a nt i-huma n 19G a nti body was de
termined by a preliminary pr ecipitin ti tra tio n fo llowed by manual nep helom et ric
quant itation of the amoun t of precipitate". The antigen- antibod y precipitate was
th en prepared close to the eq uiva lence point. Human IgG (4 mi . 5.93 mg m i " )
di alyscd agai nst norma l sa line was ad ded to shee p a nt i-human IgG (10 ml , 24. 7 mg
ml - I

) which was also dia lysed aga inst sa line an d adjusted to 0.1 M with res pect to
cthy lened iam inete traacciate (EDT A) in o rde r to enha nce precipitat ion . Aft er
th oro ugh mi xing, the so lutio n was incubat ed a t ro om tem pera ture for 30 m in fol
low ed by 5 m in a t 4'C to complete precip itation . The precipitate was then centr ifuged
for 10 min at 4"C, 2000 g ; and after washing with col d sa line it was d issolved in
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distilled water (10 ml) acidified with a few drops of aceti c acid (0.2 ml) . T he solution
was finally adjusted to pH 3.1 with 0.2 ml acetic acid and the volume made up to IS
ml with dist illed water. An aliquot (0.5 ml) of the so lution was assayed fo r protein by
the Fo lin Cio calteu technique? and the remain ing 14.5 ml were used for pepsin diges
tio n.

Pepsin digestion ofThe ant igcn-untihody complex (huma n IgG- sheep anti-human IgG )
To the so lutio n ( 14.5 ml ) of the dissol ved precipitate, freshl y prepared pepsin

so lution ( I mg ml - 1 in 0.2 M acetic acid ) was added to yield a 2 % (w/w) pepsin
so lution which was then incubated at 3T'C for 3 h. The enzyme reaction was ter 
min at ed by adjusting the solution to pH X.O with sod ium carb onate so lution (0.5 M ),
and the solut ion was incubated further at 3TC for 4 h.

Isolat ion of F(lib' ) 2 FO//1 pepsin digest
Anhydrous sodium sulphate (to 1.5 M) was added to th e pepsin digest with

st irri ng at 3TC. After standing at room temperatu re ( ::::: 20 'C ) for 30 min, the mixture
was centrifuged at 20C, 2000 g, for 10 min. The pr ecipitat e was th en redissolved in
distilled water (5.0 ml) and an aliquot (0.5 ml) used for pr ot ein assay by the Folin
Cioca ltcu method". The remaining 4.5 ml of th e dissolved sodium sulphate pre
cipita te were concentrated to 2.5 ml by negative pr essure dialy sis. To the 2.5-m!
co ncen trate [11.1 mg Ftab}, equivalent to 16.7 mg antibo dy], Bence Jones protein
mar ker (10 mg) was added and the mixture loaded on to a Sephad ex G-150 column
(2.2 x XI ern) pre-equilibrated with a solution of sodi um chloride (0.5 M ) buffered at
pH 7.2 with tris(hydroxymethyl)aminoethane-HCl (Tri s, 0. 1 M ) co nta ining 0.02 M
sodi um azide. Elution was effected with the sod ium chloride- T ris buffer (pH 7.2)
wh ich allowed sepa ra tion of F(ab')2 from any so lu ble agg rega tes , the p Fe' fraction
and sma ller peptide products. The eluted fractions (5 ml) were collected with the aid
of an LK B (Selsdon, Surrey, Great Britain) automatic fracti on co llecto r at a flow-rate
of 18 ml /h and mon itored at 2XO nm with an LK B Uvico rd ana lyser.

i T//I/1U/lOC!W//1ica] analys is
T he fract ions for the major protein peaks result ing from the Sephadex G-1 50

gel filtr ation were pooled, dial ysed aga inst distill ed water and co ncentra ted by nega
tive pressure dial ysis using 18/32 in. Visking dialysis tubing. The purity of the pooled
fract ions was assayed by Ouchtcrl ony double immunodiffu siorr ' ? and one-dimen
sio na l immunoelectrophoresis 1 l (i.c.p.) techniques. Im munoelect rophoresis was per
formed on glass plates (8 x 8 em) coated with I ;;; agarose in barbitone buffer (0.06
M, pH 8.6) . Electrophoresis was conducted for 80 min with a co nsta nt cur rent of 10
mA or about 7 V per cm width (interelectrode dist an ce) of the plat e. Th e troughs were
filled with antisera and diffusion allowed to occur while th e plat e was left in a moist
atmosphere for about 12 h. The antigen binding capacity, C, of an antibody im
munoadsorbent column was calculated as

c = (P - p) T

where P is the amount of antibody added to the actual gel; P the amo unt coupled and
T is the titre of the antibody" .
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Coupling of sheep am i-human IgG F( ab' ) 2 to cyanogen bromide-activated Sepharose
4B

Cyanogen bromide-ac tiva ted Seph aro sc 4B ( I g dry weight) was swo llen in.
and washed with 10- 3 M HCl to remove dextran and lactose stabilizers. filtered on a
No .3 sintered Buchner fun nel and equi librated in sodium citrate buffer (0.2 M. pH
6.5). The Frab') , solutio n (4 ml , 3.6 mg) predialysed aga inst sodium cit rate buffer was
added to the Sepha rose gel suspended in sodium citra te buffer (6 mi. approx imately
twice the volume of th e swo llen gel) in a universa l via l and tumbled end over end for 3
h at room temperature. Aft er filtering. the gel was was hed in sodium citr ate buffer
and then ligh tly stirred magnet ically in excess of freshly prepared aq ueous eth an ol
amine so lution (l M. pH 9.5) fo r 2 h at room temperature to block residual active
gro ups. Aft er filtering. the gel was was hed with sod ium chloride- Tris buffer (0.5 M
NaCI. 0.1 M Tris. pH 7.2) co ntai ning 0.5 %(w/v) sod ium azide . All the was hings and
filtra tes were retained and pool ed and an al iquot of the co ncentra te was monitored
for uncoupled antibody by th e rever se Mancini technique. i.e.. with the antigen in
stead of the antibody dispersed in th e agarose gel mounted on a glass plate .

lmtnunoadsorbent column preparat ion
After degassing, the Seph aro se 4B-F(ab'h immunoad sorbent was pack ed into

a co lumn (l .0 x 15 em ), was hed with ammonia so lution (0.5 M. pH 11.5) and
equi librated with NaCI- Tris bu ffer until the abso rbance reading at 280 nm (I-em cell)
co rres po nded to th at of th e am bient buffer. Pooled who le human serum (0.1 ml , 1.1 2
mg IgG ) was loaded onto th e co lumn which was then was hed with Na Cl- Tris buffer
(0.5 M 10.1 M , pH 7.2) until the absorbance of th e elua te a t 280 nm was negligible.
The immu ne-adso rbed IgG was then eluted with ammo nia solution (0.5 M . pH 11.5)
in 4-ml fractions unt il the absorba nce of the eluate at 280 nm was negligible ( < 0.005) .
The co lumn was re-equi librated in NaCl- Tris buffer before another adsorption
desorption cycle comme nced .

The eluates were monitored on an LKB Uvicord analyser at 280 nm and the
fractions collected on an LK B automa tic fract ion collector. Both the poo led un
adso rbed and pooled desorbed IgG fra ctions were qu ant itated by the Man cini tech
nique ' ? using NIRDL serum sta ndard (11.6 mg IgG per ml) fo r ca libra tion.

RESU LTS

Yield of F(ab' ]2 antibody fragments
In Fig. I is illustrated th e gel filtration fractionation of the sodium sulphat e

precipit at e resulting from th e pep sin digested antigen-antibody precip itate. Th e yield
of Frab'), antibody fragments from the sheep anti-huma n IgG-human IgG pre
cipitate is summarized in Tabl e I. After Sephadex gel filtrati on . approx imately 6 mg
F(ab')z were obtained from the initial anti gen-antibody precip ita te (19.5 mg), a 30 /~

yield. However , ass uming th at 6 mg Ft ab'), are equiva lent to 9 mg nati ve antibody",
some 44 % of the immuno globulin in the original precip itat e was recovered. This
accords favo urably with the results reported by Lachman".

Activity of F(ab ' )2 fragments
The activity of th e Fia b'), fract ion obta ined by Sepha dex gel filtr ati on was
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Fig. I. Elu tio n profil e of the di ssol ved so di um sulpha te precipitate from pepsin digested ant igen- ant ibody
precipitat e. A so lutio n (2.5 ml , 4.4 mg ml " 1) of th e pr ecipit ate was a pplied to a column of Sephad ex G -150
(81 x 2.2 em) equilibra ted with sod ium chloride- Tri s buffer (p H 7.2) . Peak s: I, so lu ble co mplexes ; 2,
Fla b ')" th e only peak to sho w antibo dy ac tivity; 3, p Fe' species (dimers of the C H 3 homology regi on of the
antibody molecul e); 4, polypeptides; 5, th e Benc e Jon es protein m arker.

TA BLE I

SU M MA RY O F TH E Q UANTITATIV E YI ELD O F F(ab' ), F RAG MENTS F R O M SHEEP A NTI
H UM A N IgG -H UMAN IgG PR ECIPITAT E A ND IT S PEP SIN DI G EST

Alii igen- ontibody
precipitate
(mg)

19.5

Protein yie ld
after pepsin
digestion
( mg )

12.5

Protein
loaded on
S ephadex
column
( mg )

Il.l

F(ab' h
y ield
( mg)

5.9

Yield of F(ab") 2

fro m ant igen
ant ibody
precipitate (%)

30.0

Fig. 2. Ouchte rJony double immuno d iffusion ana lysis of shee p anti-huma n Fi ab '), a ntibo dy aga ins t
human IgG. Th e centra l well (4) co nta ined th e Ftab), fracti on ( I ~I, 6.3 ~g) and wells 1, 2 and 3 contained
6.0,2:5 and 60 ~g human IgG respectiv ely; well 5 contain ed 6 ~g shee p IgG . Th e wells were punched in a
1% agar ose gel on a glass plat e (4 x I cm) .
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Fig. 3. Immunoelectro phoretic analysis of sheep ant i-huma n F(a b'l 2' Wells : I and 3. 1111 hum an IgG. 6.34
mg ml~ I ; 1 and 4. 1 III N IRDL sta nda rd. 11.6 mg IgG per ml. Troughs : I. F(a b'h; 1. sheep anti-huma n
IgG ; 3. sheep a nti-who le hum an serum.

de te rm ined by O uchte r lony double im m uno d iffusion (Fig. 2) a nd immunoelectro
ph o resis (F ig. 3). Pronounced pr ecipitin lines were o bse rved bet ween th e Ftab), in we ll
4 a nd th e vari ou s an tigen con centrati ons in wells 1. 2 a nd 3. It is noti ceabl e th at th e
sha rpes t precipitin line was between wells 2 a nd 4. indi cat ing o ptima l a ntigen- a nti
bod y co nce ntra tions . Th ere wa s no pr ecipitin line bet ween sheep IgG in well 5 a nd
Ftab') , in we ll 4 . In F ig. 2 a di st inct precip it in line wa s obtai ned be twee n F(ab' )z

<D

L
"' ~" "'- 2 , ;~

+
Fig. 4. Imm unoelectrophoretic a na lysis of a ffin ity-pu rified IgG using the cya nog en brom ide-activated
Scp har osc 4B- sheep a nti-huma n IgG Ftab') , imm unoa dsor bcnt. Wells : I . 10 p i NIRD L sta nda rd; 1. 10 III
eluted IgG . I Ilg. Troughs : I and 1. sheep a nti-who le human serum.
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TA BLE II

SUMMA RY OF T HE QUANTITATIVE PE RFO R MANCE OF T HE CYANOGEN BRO M IDE-AC
T IVATE D SE PHA ROSE 4B- SH EEP ANT I-HU MAN F(ab'h IMM U NOA D SORB ENT CO LU MN

ND = Not de ter mined.

Description

19G applied (rng)
IgG unadsor bed (mg)

( ~/,,)

IgG adsorbed (mg)

( ~ :.l

IgG eluted (mg)
( o ~.l

Potential bin di ng
capaci ty (mg IgG)
Pur ity

Cvcic

2 3 4 5

1.12 1.12 1.12 1.12 1.12
0.9 1.1 1.0 0.9 0.6

(80.4) (93.7) (89.3) (80.4) (53.6)
0.22 0.07 0. 12 0.22 0.52

( 19.7) (6.3) (10.7) (19.7) (46.4)
0.22 ND ND 0.22 0.52

( 100.0) (100.0) (100.0)

0.2 0.2 0.2 0.2 0.2
Ver y Very Very
good good goo d

(tro ugh I) and human IgG (well 1). Th e Fta b'), precipitin line co rresponded with
simi lar IgG precipit in lines obtai ned with the human seru m sta nda rd (NI RD L)
agai nst shee p anti-human IgG (tro ugh 2) and again st shee p anii-wh ole human seru m.

Purification of human serum IgG with cyanogen bromide-activated Sepharose 4B
F(ab") 2 imm unoadsor bent CO IUIII II

Th e performance of the immunoadsorbent column is summa rized in Table II.
The yield of IgG was co nsistent ly 100 (~;. fro m five seria l adsorption-desorpt ion
cycles. It is noti ceabl e th at the amo unt of ad sorbed IgG co rrespo nded to th e binding
capacit y of the co lum n (0.2 mg IgG ) for the first and fourth cycles. Nevert heless.
some varia tion in ad sorbed IgG was o bserved in cycles 2 and 3. The amo unt of
adsorbed IgG in the fifth cycle was approx ima te ly twice the va lue of the pot enti al
co lumn binding ca pacity. This could be a ttrib uted to non-specific re tention of IgG by
the mat rix. Th e purity of th e eluted IgG frac t ion was exce llent as de termined by
immunoelectrophoresis (Fig. 4). The eluted IgG fracti on (well 2) gave a single pre
cipit in line again st sheep anti -wh ole human serum. Thi s line co rresponded to the IgG
precipitin lines formed by human serum standard (N IRDL) in well I aga inst sheep
ant i-whole human serum (Irough 2).

DI SC USSION

T he sepa ra t ion of a ffi ni ty- purified F(ab 'h antibo dies from immune precip itates
by pepsin d igest ion of the labil e Fe region of the imm unoglo bulin molecule a llows the
preparation of class specific ant ibodi es. Som e pitfall s of the technique ar e firstly the
co nta mina tion of F(ab ' h antibo dy peak with F(ab'h from the antigen if the antigen
is inco m pletely co m plcxcd with ant ibod ies. Since no precipit in line was de tected
between shee p ant i-human IgG and the purified F(ab 'h fracti on. thi s situa t ion did
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not occur under the conditions described herein , Secondly. th e possible occlusion of
antibody bind ing sites was not a dominant feature in view of th e well defined pre
cipitin lines obta ined. Although the yield of Fi ab), anti bo dy is dependent on the
pep sin lab ility of the Fe region, the yield (30 %) obtained in thi s study is quite rea
sonable for th e IgG- anti-IgG system.

The usc of cya nogen bromide-activated Seph arose 4B- F(ab ' }z immunoadsor
bent offers a sim ple, qui cker approach for the purifi cat ion of class specific anti gens .
Man y conve ntiona l int ermediat e steps are elimina ted. High bind ing ca pac ity im
munoad sorbent s ca n be prepared. result ing in negligible non -specific adsorption and
requiring min imum ant igen loa din g. After five seria l adsorption-desorption cycles
there was no d rast ic cha nge in the co lumn performance with respect to protein yield
and pur ity. Thi s technique has the potential for isolating antigens present in low
co ncentra tion in plasma, urine and tissue fluid.
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SUMM ARY

A simple liquid-liquid extraction technique was evaluated and judged to be
useful for semiquantitat ive determination of 37 organ ic pollutants present in water at
concentrations of 50 Ilg/l or better. Gas chromatographic analysis of hexane extract s
showed detection limits of ~ 5,ug/1 for 30 compounds, recoveries of ~ 80 % for 20
compounds and, generally, peak area precision of better than ± 5 % for triplicate
sample analyses. Storage of aqueous sta ndard solutions at 4"C for 4 week s did not
significant ly affect recovery values.

INTRODUCTION

A wide range of organic compounds has been found in potable water sup
plies" and there is concern that ingestion of water cont aining these compounds may
pose a potential haz ard to human health. To aid in the health ha zard assessment,
Canadian potable water supplies have been surveyed"? for the occ ur rence of selected
organic contaminants. An analytical method for th e determination of semi-volatile
organic compounds ranging in boiling point up to 200"C was required to complement
the head space and XAD-2 macroreticular resin analytica l techniques which were
used for these sur veys. As part of its master scheme for the an alysis of 114 organic
priority pollutants", the U.S. En vironmental Pr otecti on Agency has proposed a
number of methods utilizing liquid-liquid extraction (LLE) as the first step of the
analytical procedure. Water samples are extracted three times with methylene
chloride and the combined extracts a re reduced to a small volume while the solvent is
changed to hexan e. Simple. one step, liquid-liquid extraction methods employing
pentane9

- 1 1 , hexane9
, l z - 14 , isooctane9

, 1 1 , methylcyclohexune? :15, cyclohex ane-dieth
yl eth er!" and benzen e-hexane' ? as th e extractant ha ve been reported for the de
termination of trihalomethanes and a few other organi cs, We now report the evalu
a tion of a single step, LLE method of analysis for a representati ve gro up of 41 semi
volatile organic pollutants. The compounds invest igated have either been listed as
compounds of concern'"!" or have been found in potable water supplies".

002 1-9673/8 I/OOOO--{)OOO/$02.50 \!j 1981 Elsevie r Scien tific Pub lish ing Compan y
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EXPERIM ENTA L

R. OTSON, D. T. WILLIAMS

Equipment
All analyses were performed on a Hewlett-Packard Model 5840 gas chroma 

to graph equ ipped with a 63 Ni electron-ca pture detector (ECD), a flame ionizat ion
detector (FI D) and a Tracor Mod el 3\ 0 Hall electro lytic conductivity detector
(HEI CD). The signa l from th e HElCD was processed by a Spectra-Physics 4000
chromatography dat a system. T he HEICD was o pera ted in the chloride mode with
the furn ace temperature a t 840"C, a hydrogen flow-rate of 10 ml/rnin and a 2-pro pan
ol-water (50 :50, v/v) electro lytic so lvent flow-rate of 0.2 ml /rnin . Th e ECD and FlO
were held at 300°C an d hydrogen and air flow-rates respe ctively for the flame were 20
ml/rnin and 250 ml/min. Co lumns were a tta ched to a Hewlett-Packard ca pillary
column inlet system, held at 180"C and operated in the split less mode. An inlet
nitrogen gas purge at 75 ml /rnin was initia ted 0.25 min after each injection fo r FlO
ana lyses. Nitrogen passed th rou gh Oxiclea r and molecular sieve traps was used as
column ca rrier, inlet purge and detector makeup gases. Makeup gas flows of about 25
ml /min were used for the FlO and EC D. A Varian Model 8020 autosampler was
interfaced with the gas chro ma to gra ph and injected 4-/11 sample aliquots for FlO and
2-/11 sample aliquo ts for ECD and HEI CD analyses.

The GC columns and co nd itio ns were:
(i) an OV-17 suppo rt-coated open tubular (SCOT) stainless-steel column (15

m x 0.5 mm 1.0.) with a carrie r gas flow of about 4 ml /rnin. After each injection the
column temperature was maintained at 60"C for 3 min and was then raised at a rate of
8°C/min to 150a C where it was maint ained 18 min before the oven was cooled;

(ii) a nickel co lumn ( 1.8 m x 2 mm 1.0.) packed with 0.1 % SP-IOOO on
Carbopack C (80-100 mesh), and with a carrier gas flow-rate of about 20 ml /min.
After each injection the co lumn temperatu re was maintained at 100DC for 3 min and
was then ra ised at a rat e of l5 "C/m in to n onc where it was maintained for 28 min
before the oven was cooled .

Confirmatory ana lyses were performed on a Model 4000 Finnigan mass spec
trometer-gas chro ma tograph co upled with a Model 6000 data system and utilizing a
glass column (1.8 m x 2 mm 1.0.) packed with 3 %OV-1 7 on Gas-Chrom Q (100
120 mesh). A Burrell Mod el 75 wrist ac tio n sha ker set at 3" was used for mechanical
agitation of contai ners during so lvent extrac tion procedures. A Brinkmann 5-ml
capacity Dispenseue was used to deliver hexan e aliquot s with a precision of better
th an ± O. \ %. Culture tubes (capacity 32 ml), amber glass bottles (capacit ies 120, 500,
1000 and 4000 ml), a utosa mpler vials (capacit y 2 ml) a nd other glass containers were
heated at 400°C for severa l hours, cooled to about 50'T and then sealed with PTFE
coated silicon disks and screw ca ps with centered holes.

Reagents
Purified water (pH 5.9) was prepared by irradiating d ist illed, deionized water

for 5 h at 254 nm in a 5-1ca pacity vessel!". Stock tap-water (pH 8.7) was allo wed to
stand 2 days in an open co nta iner before use. The purity of all organic compounds
was determined by ana lysis of hexane solutio ns on at least two chromatographic
systems.

Primar y sta ndard so lutions in meth anol (25.0 ml) and containing 0.20 g/I of the
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compounds listed in Table I were prepared in sealed culture tubes. Such prim ary
standard solutions containing one com pound only (single component) , a group of com
pounds (groups A, B, C, D, E, F, G and H) and all compounds (multicomponent,
groups A-H) were used to prepare corresponding aqueous standard solutions and
standard solutions in hexane. Aqueous standard solutions containing 1,5,20 and 100
j1g/1 of each compound in water were prepared in sealed glass bottles or a volumetric
flask. Standard solutions containing 0.0 I, 0.04, 0.20, 0.80 and 4.0 mg/I of each com
pound in hexane were prepared in sealed cultu re tubes. All aqueous solutions were
prepared in bottles containing thiosulphate so as to provide 8.3 mg Na 2S2 0 3 . 5 H2 0
per 100 ml aqueous solution.

Procedures
Appropriate blanks were prepared and analyzed during all tests. Duplicate

samples (two bottles) were used during exploratory test s and triplicate samples were
used for recovery tests. Single component solutions in hexane were used for peak
identification during chromatographic analyses and, where necessary, gas chroma
tograph y-mass spect ro metry (GC-MS) was applied for confirmation. Multicom
pon ent aqueous standard so lutions and the OV-17 SCOT column with the ECD were
used for the exploratory tests .

Choice ofextraction solvent, A 5-ml a liquot of the aqueous solut ion (20 lig/l, in
purified water) was removed from each full, 120-ml capacity, bottle and a 3-ml
aliquot of pentane, hexane, hexane saturated with methanol, 15% (v/v) acetone in
hexane, isooctane or benzene was added to the bottle. Extractions were completed by
sha king the bottles for 30 min, storing them for 3 days at 25°C and transferring the
org anic phase into autosampl er vials.

Hexane-water ratio . A portion (4, 7, 7 and 15 ml respecti vely) of the aqueous
solut ion (\ j1g/l, in purified water) in full 120, 500, 1000 or 4000 ml capacity bottles
was removed from and a mea sured volume (3, 5. 5 and 10 ml respectively) of hexane
was added to each bottle. Extractions were completed by the foregoing procedure.

Extraction technique. Aqueous sta ndard solutions (5 j1g/l, in tap-water) were
prepared in l20 -ml capacity bottles and in a 2-1 vo lumetric flask . Within 24 h of
preparation the solution in the volumetric fl ask was distributed into l20-ml capacity
bottles. The full bottles were stored 0, 24 or 72 h before a 5-ml aliquot of the aqueous
so lution was withdrawn from and a 3-ml aliquot of hexane was added to each con
tainer. Extractions were completed by shaking the bottles for I, 4 or 24 h, sto ring
them for 0,24 or 72 h and then transferring the organic phase into autosampler vials.
Selected containers were drained and the inner walls were rinsed with measured
volumes of hexane which were subsequently an alyzed.

Storage effect, Aqueous standard solutions (20 j1g/l, in pure water) were pre
pared in six, 120-ml capacity, bottles. Three bottles were stored 24 h at 25"C before a
5-ml aliquot of the aqueous solution was removed from, and a 3-ml portion of hexane
was added to each bottle. Extraction was completed by sha king each bottle for 24 h,
storing it for 24 h and transferring the organic phase for an alysi s in an autosampler
vial. The rem aining three bottles were sto red at 4"C for 4 weeks and stored at 25°C for
24 h before extraction and analysis of the extracts.

Recovery studies. Aqueous solutions, each containing a group of compounds at
concentration levels of I. 5, 20 or 100 fIg/I in pure water were prepared and extracted
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in 120-ml capacity bottles for recovery studies utilizing the OV-17 SCOT column.
Solutions containing groups A + B + C, groups 0 + E + F, group H + chloro
form + trichloroethylene + I, I, I-trichloroethane or group G + isophorone at the
20-Jlg/1 concentration level only were prepared in both pure and tap-water in 120-ml
capacity bottles for recovery studies utilizing the 0.1 %SP-I 000 column. Extractions
were conducted as described for the storage effect test.

Quantitative determination. Calibration curves were constructed by plotting
concentration against peak area obtained for analyses of standard solutions in
hexane. Percent recovery of an extracted compound was determined by comparing
the mean peak area from analyses of extracts from triplicate solutions with the cali
bration curve peak area corresponding to the concentration calculated from IOO ~;

recovery of the compound in the organic layer. In some instances peak height was
used for quantitation. Detection limits were estimated from the results of recovery
studies.

RESULTS AND DISCUSSION

Since the FID, ECD and HEICD were used for compound identification, the
choice of extractant was limited to those solvents which were compatible for use with
all three detectors. Six solvent systems were evaluated for extraction of the com
pounds in groups A-H (Table I). It was found that their extraction efficiency de
creased in the order pentane ~ hexane > hexane saturated with methanol > iso
octane> 15%(v/v) acetone in hexane ~ benzene, as estimated by comparison of the
sum of peak areas. Also, pentane and hexane peaks showed the least interference with
standard peaks during gas chromatography. Hexane was selected as the extraction
solvent since the volatility of pentane makes it difficult to handle, particularly when it
is used with an automatic injector i:'.

Although use of larger sample bottles permitted an increase in the water
hexane volume ratio and, hence, an increased compound concentration in the hexane
extract, it was considered that the 120-ml capacity bottles would be most convenient
for shipping, storage and extraction of large numbers of survey samples. Also, extrac
tions utilizing the latter containers allowed detection on the ECD of many com
pounds when present in water at a concentration of I ltg/I. In order to minimize the
number of manipulations and the loss of analyte, the hexane extraction was con
ducted in the sample bottle. Removal of 5 ml of water from the sample bottle and
addition of 3 ml hexane allowed adequate mixing of the liquid phases, easy removal
of the hexane for subsequent GC analysis and a potential concentration factor of
115/3.

A variety of short-term storage conditions and extraction procedures were
investigated for fortified (5 Jlg/I) water samples and some results are shown in Table
II. Percent recoveries obtained for extractions conducted with 4-h and 24-h agitation
periods were essentially the same for any particular compound, whereas only I h of
agitation resulted in considerably lower recoveries. Storage of contents after 24 h of
agitation did not significantly change recovery values . With the exception of the
I, I ,2,2-tetrachloroethane results, percent recovery values for any particular com
pound were essentially the same, whether tap-water was spiked directly in the extrac
tion vessel or in a volumetric flask from which the solution was distributed into
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TABLE I

COMPOUN DS IN VESTI GAT ED

19 1

Formula Compound Formula Compound

Group A Group F
CbHb Benzene C lO H8 Na phthalene
CbHsCH 3 To luene (CH 3CH 2CH 2hNNO N-Nitrosodi-n-pro pylamine
CbHsC2 Hs Ethylbe nzene (C H3hNNO N-Nitrosodimet hylamine
o-CbH. (CH 3h a-Xylene C H2CICH2OCHCH 2 2-Chloroethyl vinyl ether
m-CbH.(CH3h m-Xylene CC I1CCICClCCl2 Hexachlorobutadiene
p-CbH.(CH3h p-Xylene

Group G
Group B CbHsOH Phe no l

CbHsCI Chloro benzene 2-CIC6 H.O H 2-Chloro pheno l
o-C6 H. CI2 a-Dichlo ro benzene 2,4-CI1C6 H 3OH 2,4-Dichloropheno l
p-C6 H.Cl1 p-Dic hlorobenze ne 2,4,6-CI3C6 H2O H 2,4,6-Tr ichlor ophenol
1,2,4-C6H 3Cl3 1,2,4-T richloro benzene
C6 HsN01 Nitro benzene Group H

(CH 2CICH1hO Bis(2-chlo roethyl) ethe r
Group C (C H1ClhO Bis(chlor omethyl) ether

CCI2CCl1 Tetr achloroethylene
CHC I2C1-12CI I , I ,2-Tri chl oroethan e Ot her
CHCI2C1-IC I2 I, I,2,2-Tet rac hloroethane C H2C1 2 Dichlo ro rnethane
CCI3CCl3 Hexachl oroe thane C HC I2CH 3 I, I-Dic hloroetha ne

CC I3CH3 I ,1,1-Trichloroetha ne
Group D C HC I3 Ch loroform

CH1ClC HCIC H3 1,2-Dichloropro pane C H2C1CH2CI 1,2-Dichloroethane
CH2CIC HC HCI 1,3-Dic hloropropene CC I2C HC I T richloroethylene
CH CI2CCICHCl 1,2,3,3-Tetrachloropropene CqH,.O Isophoro ne
CCl 2CCICHC I2 I, I,2,3,3-Pentachloropropene 2-CIC ' oH7 2-Chloronap ht halene

Group E
CH Br1Cl
CH Br3

CSCI6

Chlo rod ibromomethane
Bromoform
Hexachlorocycloperuadiene

ext raction vessels. Thi s indicated tha t sorption of the detected compo unds onto glass
walls of a flask conta ining an aqueo us sta nda rd so lutio n was negligible. Since rinses
of used extraction vessels and the empty stock so lutio n flask were show n to be devoid
of tested compounds, significant retention of these orga nics on co nta iner walls is un
likely. The rela tively low recovery of I, I,2,2-tetrac hloroe tha ne from aqueous so
lut ions prepa red in the ext rac tion vessel as compared to recovery fro m the stock
solut ion distributed into the extrac tion vessel could not be explained. For the chose n
extraction technique, i.e., 24-h agitat ion followed by 24-h sto rage, precision of peak
area values from dupli cate sample ana lyses were usually within ± 5 %of the mean
peak area value.

Since survey samples may be stored for some time before analysis, the effect of
sample storage on recovery values was invest igated . Ta ble III repo rts the effect of
storage on recovery values for fortified (20 /1g/l) wate r samp les stored for either I day
at 25°C or 4 weeks at 4"C. Percent recoveries for the two sets of samples were
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TA BLE II

EVALUATION OF H EXA N E EXTRACTION PROC EDUR E

Duplica te sam ple extracts ana lyzed on O V-17 SCOT column and EC D .

R. OTSON, D . T . WILLI AM S

56 52 51
78 78 76
76 75 74
70 68 69
63 63 64
65 66 65
43 49 50
69 70 68

72 74 72
69 68 67

Treat ment deta ils Time ( II )

Stored 14* 14* 72* 24
Agitated I 14 14 I
Stored 24 24 14 24

Compound Recovery (% )

C HzCIC HC HC I 50 59 50 44

CClzCClz + C HClzC HzCl 75 82 86 56
C H BrzCl 58 72 78 59
C H Br 3 48 63 68 51
C HClzC HC lz 36 48 42 45
C HClzCCICHCI 42 62 66 40
p-C6H4 Clz 28 44 53 24
CCI3CCl3 + o-C6 H4Clz 47 69 75 45
+ C HClzCCIC HC I
CClzCCICHClz 50 73 76 48
1.2A-C6H 3Cl 3 + 45 68 73 43
CC lzCCICC ICC lz

* Forti fied in bo tt le.

TABLE III

EFFECT OF STO RAGE ON R EC OVER Y

Hexan e extracts a na lyzed on OV - 17 SCOT co lumn and ECD.

24
4

24

24
24
24

24
24
72

Compound 24 II storage ( 25"C )* 4 weeks storage (4°C ) *

Recovery ( % ) R.S .D. (% ) Recovery ( % ) R.S .D. (/,, )

C HzCIC HC HC I 64 5.9 56 7.1
CClzCClz + C HClzC HzC I 77 2.2 102 10.1
C H BrzC I 74 1.8 80 8.4
C H Br 3 70 1.3 73 7.3
C HClzC HClz 70 2.9 50 1.2
C HC liCCIC HC I 74 2.4 63 9.3
CCI3CCl3 + o-CnH4Cl z 89 1.3 9 1 4.8
+ C HC lzCCICHCI
CClzCCICHClz 76 2.8 80 12.0
1.2,4-C6H 3 CI3 + 88 0.8 83 13.7
CClzCClCClCClz

* T hree bo tt les .

generally in good agreement , thus indica ting that sto rage a t 4°C maint ain s the in
tegri ty of th e water sample. It has previou sly been show n tha t bottled water samples
ma y be sto red for at least a few weeks witho ut a significant cha nge in tr ihalom eth ane/"
or tot a l orga nic carbo rr'! va lues.
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TABLE IV

RETENTION TIMES AND DETECTION LIMITS FROM HEXANE EXTRACT ANALYSES OF 41
AQUEOUS POLLUTANTS

Retenti on tim es are relative to injection time. Detection limits refer to the concent ra tion of compounds in purified
water which gave clearl y defin ed peak s upon an alysis of the he xane extra ct. ND = Not detected at "; 100 ltg/I; NA =
not analyzed .

Compound O V-/ 7 SCOT column 0./% SP-lOOO column

Retention
lime (min )

Detection limit ( ltg / I)

FlD ECD HEICD

Retention Detection limit ( ltg /I)
lime (min) -- - -- .- - -- -

FlD ECD

ND
ND
ND
ND
ND
ND

17.9 ND
ND
ND

21.3 ND

< I
5

10
< I
ND
ND
ND
ND
ND
< I
< I

2
20

I
2
I
5
5
I
5

ND
ND
ND
ND
20

5
10
20

ND
ND
ND

ND
ND
< 1
< I
ND

2
ND
20

ND

ND
ND
ND*
ND*
ND
ND*
ND
ND*
5

ND*
ND*
ND*
ND*
ND*
10
5
5
5
5

ND*
ND*
10
20
ND
10
50
ND
10
50
10
20
50
50
10
20
20
ND
10
ND
ND
ND

3.9

1.4
2.0

9.0

3.1
8.6

7.8
3.4 , 4.4**

4.4
4.5
9.0

10.3
11.6
11.9
11.9
6.1
7.4

13.7
9.5
9.0

13.7
9.6, 8.8**

11.7,12.5**
12.8
12.3
26.7
34.8

9.1
lI.7
9. 7

11.5
21.0
56.4
14.5

< I
< I
< I
10
2
2

ND
5

ND
NA

5
5

< I
< I

I
ND
ND
ND
ND

I
< I
< I

I
< I
< I

I
< I
ND
NA
< I
ND
NA
NA
ND
N D
ND
ND
ND
ND
ND
ND

ND*
ND*
<I
<I
20

<I
ND

5
ND
ND
<I

5
<I
< I
ND
ND
ND
ND
ND
<I
<I

5
ND
<I

5
<I
<I
20

< I
<I
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

2

20
10
2

2
50

5
2

ND*
ND*
ND*
ND*
ND*
ND*
ND
50

5
50
10
20
20
50

5
2
2

2.2
2.4
3.2
3.6
4.0
4.6

5.0
5.3
5.3
5.8
5.9
6.0
6.4
7.6
7.6
7.7
7.7
8.4
8.9
9.6

11.4
11.9
12.0
12.1
12.1, 10.5** 10
12.5 10
14.5 5
14.6 5
14.8 2
15.5 2

C H2Cl,
CHCI 2CH,
CHCI ,
CCl, CH ,
CH,CICH,Cl
CCI,CH CI

C"H "
CH 2ClCHClCH,
C"H sCH ,
CH 2ClCH 20CHCH 2
CCI2CCI,
CH 2ClCHCHCI

CHCI2CH 2Cl
CHBr2CI
C"H sCl
C"H S(C2Hs)
m-C"H4(CH ,lz
p-C"H4(CH ,lz
o-C"H 4( CH 3)2
CHBr3

CHClzCHClz
p-C"H4Cl 2
(CH zCICHzhO
CCI3CCI ,
o-C"H 4Cl,
CHCI2CCICH CI
CCl 2CCl CHCIz
C6HsN02

CCl zCCICCICCl 2

1,2,4-C"H , CI,
C lOH 8

(CH 3)2N NO
(CH 3CH 2CH 2hNNO
C"H sOH
2-ClC" H4 0 H
2,4-CI2C"H30H

2,4,6-Cl ,C6H20H
C9H 140

CsCI6

(CH zCI)20
2-CIC lO H 7

* Interference by hexane peak .
** Two peaks; major peak listed first.
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Results listed in Table IV show that a detect ion limit of :( 5 JIg/I was obta ined
for man y of the compounds in fort ified wat er. Blank ana lysis result s genera lly showed
no significant interfering peak s for purified water. Percent recover ies obtai ned for
hexane extraction of aqueo us standa rd so luti ons fort ified at I, 5, 20 and 100 Jlg/l are
reported in Table V fo r those co mpounds whose detect ion limit (F lO or ECD) was
below 100 JIg/I. Benzene co uld not be quantitated since it coel uted with hexan e on the
GC col umns. Hexach lor ocyclopentad iene whic h is believed to degrade qu ickly in
so lut iorr" co uld not be qu antitated in th e aqueo us so lutio n o r in the hexan e extract.
Ana lyses conducted on the 0.] % SP-IOOO col umn genera lly gave similar recovery
va lues as those reported (Table V) for the OV-17 SCOT co lumn. Recovery va lues
calc ula ted from peak height values were co mpara ble to those calcul at ed fro m peak
areas and were usually mor e precise (Table V). When all result s o bta ined a t well
above the detection limit , i.e., usually at 20 and 100 JIg/I, and with a precision of
:( 6 %R.S.O. were con sidered , th en twent y com pounds sho wed recoveries of ?: 80 ~;, .

For the remaining co mpo unds, I, I,2-tr ichloroe tha ne, I, I,2,2- tetrac hloroetha ne and
naphthalene had recoveries of 57- 75 :~:)' and 2-chloroe thy l vinyl eth er , bis(2-chlor o
ethy l) ether, 1,3-dichloropropene, nitrobenzene, 2A-dichloro phenol and 2A,6-tri
chloro pheno l had recoveries of :( 41 I~ ' For compounds which were a lso extracted
fro m for tified tap-water, the recovery values were similar to those obtained for ex
trac tions fro m purified water.

T he variatio ns in recovery va lues for a part icular compo und at severa l co ncen
tratio n levels (Table V) was usually due to incon sistent and/o r inaccurate inte grat ion
of peak areas . Th is sometimes occ ur red for ana lyses at co ncent ra tions well above the
compo und detecti on limit and when the pea k sha pe appea red to be clearly defined .
Th ese difficulties were pr imar ily due to the fact that integration param eters had to be
set at the beginning of the automa ted G C ana lyses and, th erefor e, could not be
optimized for each sample and compound. Thi s does not appea r as a pr obl em in
those studies"? " where only a sma ll number of compo unds were bein g inves tiga ted
and integra tio n param eters and GC co ndi tio ns cou ld easi ly be optimized. For the 4 1
compounds inves tigated in th is study G C co nditions co uld not be o ptimized for each
co mponent. Am on g severa l co lumns tested , no single GC co lumn could be fo und
which wou ld resolve a ll 41 compo unds, but the use of two co lumns, an OV-] 7 SCOT
co lumn and a co lumn pack ed with 0.1 % SP-I OOO- Carbop ack C, did permit reso
lut ion of most of the co mpo unds. In additio n the use of th ree d ifferent GC detector s
also aided in compound identificat ion and quantitation (Tabl e V).

Co mpound identifi cati on and quantitation ca n be simplified by the use of
conc ent ration and fra ction ation pr ocedures as repo rted for th e U.S.A. pri ority pol
lutants ma ster scheme" and/or by use of GC-MS. However , th ese procedures are less
amena ble for use in large sca le surv eys or for lab oratories lacking the specia lized
equipment requ ired .

CONCLUSION

The single step LL E procedure, a lthough co ns ide red to give qu antitati ve re
sults for stu dies in volving a limit ed number of compo unds, has some limitations when
applied to water sa mples co nta ining large numbers of compo unds. An alyt ical result s
for the latter type of sample are likely to be semiquan titative an d require careful
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eva lua tion. The hexane extraction procedure is, however, very useful as a sim ple,
rap id, screening method whic h ca n be applied to complement other methods for the
ana lysis of orga nic pollu tants in pot abl e wa ter.
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SU M MA RY

Hydrophobic interaction chromatography ha s been ex plo ited to fractionat e
saline-soluble sunflower proteins and th e fraction s obtained have been analysed fur
ther by SDS-polyacrylamide gel electrophoresis . Usin g octyl-Sepharose CI-4B, the
less hydrophobic fr actions are bound onl y when th e ioni c strength is increased with a
stro ng sa lting-o ut cati on (N H;) or an ion (PO~ " ). The stro ng hydrophobic fracti on s
are normally bound to th e mat rix and could be eluted with a chaotropic agent. W ith
20 ( ~{, sa tura ted (N H4)2S0 4 solution containing 10 % N aCi and 0.02 M bora te, pH =
7.4. a bou t 98 /. . of the salt-soluble proteins are bound to the matri x and most of the
chlorogenic acid (98 I;;) passes straight through th e column. The elution of five low
hydrophobic protein fra ctions is achieved by selecti ve decrease of the ionic strength.
Then. tw o strong hydrophobic fractions are eluted using MgCI2 and 2-methoxyeth
ano l as a polarity-reducing agent. Results obtained in SDS-polyacr ylamide gel elec
trophoresis ind icate that these seven protein fr acti ons are composed pa rtly of similar
subunits and partly o f different subunits .

INTRODUCTION

Few investig ations have been conducted on the nature and biochemical pr op
ert ies of the globula r proteins in sunflower flour ' .J , Hi gh co ncen tra tions of chI 01'0

gen ic. caffeic and quinic acids interact with pr oteins't" and th ey must be elim inated in
such studies?": Pr ot eins of seeds arc usu ally separa ted accord ing to th eir solubil ity".
Most sunflower flour pr oteins arc sa lt extracta ble ' 0 and protein fractions have been
isol at ed by d ialysis aga ins t water as salt-soluble proteins (globulins) and water-sol
uble proteins (albumins)!! . Salt-soluble proteins from sunflo wer kernels are usu ally
fractionated by gel filtration after ch lorogenic acid ha s been removed by a prelim
ina ry Sephadex G-502, G _2512 gel filtr ation o r not 1 . Sephadex G -50 filtrat ion per
mits a t th e same tim e a partial separation of sunflower proteins and th e isol ation of
three main gro ups of protein s a fter dial ysis against water : glo bulins, hea vy a lbumi ns
and light a lbum ins",

Th e Osborne cla ssificat ion ", a lt ho ugh useful. is quite arbitra ry and varia ble

002 1-9673/8 1/0000- 0000/$02.50 (1 1 1981 Elsevier Scientific Publish ing Co m pany



200 J. RA YM OND. J .-L. AZA NZA. M . FOT SO

results a re obtained unl ess th e pl-l, sa lt conce ntra tion and extra ction procedure are
rigorously cons ta nt. On th e o ther hand frac t ionations based o n th e differences in
molecul ar weigh ts are not relat ed to th e ph ysico-chem ical properti es of seed pr ot eins.
Th e m ain fractio ns o btained by this meth od undergo dissoc iat ion under various
experimental conditions and thus appear to be heterogeneous.

Desp ite the fact that vegetable pro teins arc known to have significantly dif
feren t amino acid composit ion s to animal prot eins. most of the usual fracti on ati on
meth od s used for anima l proteins are applied to seed prot eins. Altho ugh the distri
buti on and th e rea ct ivity of apo lar res idues has been littl e st udied 13 , some experi
ments involving hyd roph obic inte rac tio n chroma togra phy have been performed 14- 17 .

The low wate r so lubi lity of sunflowe r pro teins suggests th a t some apo lar int eract ion s
play an im po rta nt role in th e ph ysical pro perties of th ese co m po unds.

In the present paper a new meth od for sepa ra t ing sunflower proteins is pro
posed, based on th eir hyd ro ph o bic binding pr opert ies. T hese investigation s co uld
lead to a new approach to seed prot ein fract ionat ion and to an imp roved stu dy of
some of th eir properties. Chlorogenic acid is readily eliminat ed and seven pr ot ein
frac t ions are isolated by a ste pwise procedure using the octyl-Sephar osc Cl-4B hydro
ph obic matrix.

M ETHODS

Protein ex trac ts
Sunfl ower seeds (m iraso l va riety) were manually dehulled and were ground in a

Wiley mill so as to pass a 40-mesh sieve. T he flour was de fa tte d by st irring with 10
volumes hexan e for 48 h a t room tem perature. with three cha nges of so lvent. Residual
hexane was rem oved un der vacu um and th e flour was a llowed to stand in order to
reach a hu midi ty equilibrium at 25"C. A IO-g amount of sunflower flou r was then
extracted for 30 m in under stirring wit h 10 volu mes 0.02 M bo rate buffer. pH 8.6,
10 % Na Cl and th e su perna ta nt was co llected after centr ifuga tion ( 15 min at 10.000
g) . A seco nd extractio n was per formed under the same condi tion s with th e pellet and
the superna ta nts were co m bined . so const ituti ng thc crude sa line extrac t.

Materials
Oc tyl-Sepha rose CI-4B and ph cn yl-Scphar ose CI-4 B were purchased fro m

Ph arrnacia (U pp sala , Swede n) . All o ther reagents were of ana lytica l grade or the best
avai lable co mme rcia lly. All ch romat ographic procedures were performed a t room
temperature, and th e column eflluents were monitored a t 280 nm with an ISCO Ty pe
6 o ptica l unit and recorded with an ISCO Model UA 5 abso rba nce monitor.

Analytical methods
Prot ein (n itrogen x 6.25) in the crude extrac t was determined by the micr o

Kjeldahl procedure. After the chro ma togra phic step, prot ein was determined sim ul
taneou sly from the absorba nce at 280 nm and by a modified biur et method for vege
table proteinsv'' . Chlorogenic ac id was determ ined from the absorba nce a t 345 nm.

SDS-polyacrylamide gel electrophores is
Sodium dod ecyl sulpha te (SDS) - po lyacry lam ide-gel electropho resis was per-
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formed at 220 V (ISCO 492 current supply) in an electro pho resis apparatus co n
structed in our laboratory by using slabs of gel (1 80 nm x 150 nm x 1.5 mm).
Samples were d issolved in a solut ion of 15 % (vjv) glycerol, 2.5 % (wjv) SDS, 6 M
urea, 5 mM 2-merca ptoethanol or no t and 50 mM Tris-borate, pH 8.8, and then
heated for 5 min a t 100'c. SDS-polyacrylamide gel electrophoresis was carried out
on gels conta ining 12 ~~, (wjv) acryl ami dc (0.5 :;';; bisacrylam ide). The gels were sta ined
overnight in 0.003 %Coornassi e Brillant Blue R250 and desta ined in methanol- acetic
acid-wate r (40 :5:55, vjv/v) . The molecular weights were estimated by com paring the
mobilit ies of the differ ent prot eins with thos e of markers of know n molecul ar weights.

RESULTS

Fractionation ofsunflower proteins on octyl-Sepharose CI-4B
Preliminary studies. Hydrophobi c chro matography on oc tyl-Sepharo se CI-4B

was performed with a column (10 x 2.5 em) equilibrat ed with 10% NaCl, 0.02 M
borate. pH 7.4. Prot ein extracts (250 mg in 5 ml a t pH 7.4) were placed on the colu mn
which was was hed with the equilibrat ion buffer. Unbound mat er ial , which contains
mo st of the proteins and all of the chIorogenic acid , is was hed out. Elution with 10- 3

M borate, pH 7.4. gave a small prot ein peak . The use of a chaotropic sol ven t [50 %
aqueous methyl Ce llosolve (2-methoxyethanol), MCS] permi ts the elution of another
protein fracti on (Fig. IA) which represents about 15% of th e starting mat er ial.
We name it the "s trong hydrophobi c fraction" . Thus, under the previous sta rt ing
co nditio ns (0.02 M borate. 10 /;; NaC I, pH 7.4) only a minor part of the app lied
prot ein is retain ed by the hydrophobic matri x.

Increasing the salt concentrat ion with salting-o ut ions results in an increase in
hydrophobic intera ctions between th e pr ot eins and the matrix.

Tests were performed by adding to the initial crude extract three concen
trations of am monium sulphate (I 0 ~%; , 15 :>;, and 20 10 in satur ation), the octyl -Se
pharose column being equilibrated with 10 i:,NaCl, 0.02 M bor ate, pH 7.4, co nta ining
10, 15 or 20 /~ satura ted (N H4)zS04' As shown in Fig. I B, C, 0 the progressive
increase in am moni um sulpha te co ncentra tio n lead s to a pa ra llel increase in the
amo unt of bou nd prot ein s. Th ese prot ein s can be desorbed by was h ing the co lum n
with 10- 3 M borat e, pH 7.4.

Thus in 20 /;; (NH4)zS04' 95- 98 ~<, of the proteins are reta ined on the hydro
phobic matrix, and washing with the sta rt ing buffer only permits eliminat ion in th e
void volume of the chlorogenic acid , whose absorbance at 280 nm is always impor
tant. Elution with 10- 3 M borate, pH 7.4, gives an imp ort ant protein fract ion (Fig.
ID ) which we nam e the " low hydrophob ic fraction" becau se it is not normally bound
on oc tyl-Sepharose and is only retain ed when the hydrophob ic interactions have been
art ificially increased with sa lting-out ion s. Th e low hydrophobi c frac tion rep resent s
about 85 I:, of the protein extract.

Th e unb ou nd material is heter ogeneous as shown by spec trophotome tric ana l
ysis (Fig. 2). The beginning of the non-adsorbed peak po ssesses an absorption spec
trum whose maximum near 260 nm is pro bably due to nucl eic acids. The subsequent
material comprises a chromogen ic com po und which po ssesses an absorption spec
trum clo se to tha t of chloro genic ac id. So chlorogen ic acid appears to be at least partly
delayed on the co lumn, but not bound . Th is is imp ortant because if too mu ch rna-



202 J . RAYMOND, J .-L. AZANZA, M . FOTSO

borate 0 .0 2 M
NaCI 10 "/0

2
A

50 100 15 0 FO r aet ion nu m be r

bo r ate 0.02 M
2 NaCl l 0 %

(N H4 )2 504 10 % sa t .

B

C

Fra ct ion numbe r

F r ac t ion num be r

15 0

15 010 0

50 100

borate 0.02 M
2 NaC ll0 %

(N H
4

)2 504 15 % so t .
'"cc
a
.0
L
g
.0
q

E
c
o
00
(\J

bo r a t e 0 .0 2 M

2 ~~ I )10~O 20% sa t .
D

50 10 0 15 0 F r act io n nu m be r

Fig . I. Hydrophobic interaction chrom atography on octyl-Scpharosc CI-4B co lum n (10 x 2.5 ern), BulTer:
0.02 M borate, 10 % NaCI, pH 7.4 (A) , co ntain ing 10 ~%; (B), 15' /" (C) or 20 ~\, (D) saturated (NH4hS04'
Sample : 250 mg of sa line-so luble sunflower pr otein s in 5 1111. F racti on s : I 1111. F low-rat e : 7.5 I11I /cl11 z . h.

tcrial is used and if the column is short, a partial competition occurs between proteins
and chlorogenic acid and th e presence of too much pigment couId disturb the protein
fixation. To a void this we recommend that th e column be filled step by step and
partially wa shed after each step.

Gradient elution studies. The fractionation of sunflower proteins co uld be in
creased if th e elut ion of the low hydrophobic and strong hydrophobic fraction s were
gradually performed. In one experiment, 5 ml (250 mg of prot ein) of crude extract in
10 /" NaCl , 20 % satur ated (NH4}zS04 and 0.02 M borate, pH 7A, were loaded on the
octyl-Sepharosc column. After washing with the starting buffer (Fig. 3), elution was
carried out with a decreasing linear gradient of NaCI from 10 to 0 'X. in 20 ; :. sa tur ated
(NH4hS04' 0.02 M borate, pH 7A. A single protein peak (pe ak I) was eluted . Then a
gradient decrea sing, in ionic strength from 20 ; :' (N H4)2S04, 0.02 M borate, pH 7A,
to 10 % NaCI, 0.02 M borat e, pH 7A, gave a second protein fraction (peak 2).
Another decreasing gradient, from 10 to 0 ;'; NaCI (0.02 M borate. pH 7A) permitted
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Fig. 2. Absorption spectra of the unbound materi al : A, beginn ing of th e peak (- - ) ; B, following fractions
(- - -) .

the elut ion of a third single protein peak . A fourth fraction (peak 4) was eluted when
the molarity of borate was reduced from 0.02 M to 10- 3 M, pH 7.4, and a final
pr otein fraction (peak 5) was obtained with water. So th e low hydrophobic fraction
could be fractionated into five separate peaks.

The strong hydrophobic fraction could also be fraction at ed . A linear increas
ing gradient of MgCI 2 from 0 to 0.2 M gave a minor pr otein fracti on (peak 6) at 0.1 M
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NaC 1100f0
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Fig. 3. Hydrophobic interaction chromatography on octyl-Scpha rose CI-4B. Co lumn : lO x 2.5 em. Buffer:
0.02 M borate, 10°" NaCI , 20 '%, saturated (NH4)zS04' pH 7.4. Sam ple: 250 mg of sal ine-soluble sunflower
proteins in 5 ml. The elution was performed as fo llows : I, decreasing linear gradient in NaC!, from 0.02 M
bora te, 10 ";, NaCI , 20"" saturated (NH4lzS04 • pH 7.4, to 0.0 2 M borat e, 20 '\ , sa tura ted (NH4)zS04' pH
7.4; 2, decreasing linear gradient in ionic strength, from 0.02 M bora te, 20 ::-;,. sat urated (NH4lzS04. pH 7.4.
to 0.02 M borate. 10'%, NaCI. pH 7.4; 3, decreasing linear gra dient in NaCI, from 0.02 M borate. lOy',
NaCI, pH 7.4. to 0.02 M borate, pH 7.4; 4, decreasing linear gradi ent fro m 0.02 M borat e. pH 7.4, to 10- 3

M bo ra te, pH 7.4; 5, decreasing linear gradient from 10 - -' M borate. pH 7.4. to wat er; 6, increasing linear
gradient in MgCl, (0 to 0.2 M); 7. increasing linear gradien t fro m 1 :>:, to 50:1:, MCS. Fractions : 1.5 ml.
fl ow-rat e : 7.5 ml /cm? . h.



204 J. RAYMOND, J .-L. AZANZA, M. FOTSO

MgCl 2 due to the chaotropic effect of the Mg 2
" . and 50 ~.;, MCS so lution gave a fina l

protein fraction (peak 7).
St epwise elution studies. Since the different protein fractions were eluted near

the end of the gradients (except for fraction 6 which is eluted by 0.1 /VI MgCI 2 ) a
stepwise procedure was used in the last experiment. On a co lumn (15 x 2.5 em ) of
oc tyl-Sepharose equilibrated with 1O :i'~ NaC! , 20 /;, sa tura ted (N H4hS04 and 0.02 /vl
borate, pH 7.4, 40 ml of crude extrac t (under the same sta rt ing condit ions) were
loaded by a step by step procedure (10 ml x 4). Wh en a ll the chloroge nic acid had
been removed by was hing the column with the sta rt ing buffer. elution was per form ed
with 20 % (N H4hS04 and 0.02 M borate. pH 7.4 (peak I). then with 10;'; NaCl and
0.02 /VI borate, pH 7.4 (pe ak 2). with 0.02 /VI borate, pH 7.4 (peak 3). with 10- 3 Al
borate (peak 4) and fina lly wat er (peak 5). The strong hydrophobic fractions were
then eluted with 0.1 /VI MgCI 2 (peak 6) and 50 i~ MCS so lution (pea k 7), The result
ing chromatographic profile is exactly the same as in Fig . 3. Low hydrophobic pro
teins represen t 86 ~.<; (peak I. 52 '/:,; 2. 19 /.,; 3. 7 ~%; ; 4. 5 '%', ; 5, 3 "!.,) and strong hydro
phobic fractio ns 14 i;; (peak 6, 3 %; 7, I I ':<,) of the ad sorbed substances.

When hydrophobic chromatography on octyl-Sepharose was performed with 
out ammonium sulphate under the starting co nditions (10 '';;, NaCI. 0.02 /VI borate.
pH 7.4). the unbound materia l was much more important (Fig. 4) . On ly three low
hydrophobic fractions were eluted (with 0.02 /VI borate. pH 7.4. then 10- 3 /VI borate,
pH 7.4. and finally water) followed by two strong hydrophobic fractions . On the
other hand, the same elution profil e was obtained when N H; (h igh sa lting-out
cation) was replaced by P01 - (high sa lting-out anion). Thus. pota ssium phosphate is
able to replace ammonium sulpha te a t a concentration 01' 0.6 1\1 in the sta rt ing butler
(0.02 /VI borate. pH 7.4, 10 /., NaCl ). Under these conditions. 90 (~ ;', of the proteins a rc
bound to the matrix and the elution was performed with 0.6 /VI K2HP04. 0.02 M
borate. pH 7.4. an d success ively with the six other so lutions in the same manner as
before (results not sho wn) .

Phen yl-Sephar ose C I-48 is a lso suita ble. and the sunflower protein s arc ad
so rbed a t a lower ammonium sulpha te concentrat ion . In this case. howe ver. the
prot eins are bound so firml y that elut ion at decreasing ion ic strength and with a
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Fig. 4. Hydrophobic interaction chrom at ograph y on octyl-Sepharosc CI-4B. Co lumn: 10 x 2.5 em.
Sample; 250 mg ofsaline-so luble sunflower proteins in 5 ml. Buller : 0.02 M borat e. 10 ~.-;; NaC I, pH 7.4. The
elutio n was performed as follows : 1. 0.02 M bor ate . pH 7.4; 2,10 -.1 M bora te, pH 7.4; 3, water ; 4, 0.1 At
MgCl 2 ; 5. 50 % MeS. Fracti on s: 2.5 ml. Flow-ra te 7.5 mlicm 2

. h.
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polarity-reducing agent give a lower resolution than those obtained with the octyl
Sepharose matrix (results not shown).

SDS-polyacrylamide gel electrophoretic analysis
The seven separated fractions were analysed by SOS-polyacrylamide gel elec

trophoresis in order to establish the compositional differences among these fractions.
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Fig. 5. SDS-polyacrylamide gel electrophoresis patterns of the different protein fractions obtained by
hydrophobic chromatography on octyl-Sepharose CI-4B according to the procedure described in Fig. 3.
CE = Crude extract. The seven eluted fractions were analysed and are numbered 1-7 from the lowest to
the strongest hydrophobicity. A, Non-reduced samples; B, reduced samples . One hundred and twenty
micrograms (fraction CE), 50 J1.g (fractions I, 2, 3, 4, 6, 7) and 30 J1.g (fraction 5) of protein were loaded .
L.H.F. = Low hydrophobic fractions; S.H.F. = strong hydrophobic fractions.
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Without prior red uc tio n with 2-me rcaptoe tha no l, the SD S electro pho resis pat
tern (Fig. SA) sho ws tha t the pr otein s o f the cr ude extract a re separated into severa l
subu ni ts with molecul a r weights ra ngi ng fro m 60,000 to 49,000 and only a few wit h
lower molecul ar weight s. With previou s redu ction with 2-me rca ptoe tha no l, the high
est-mo lecular-we ight prot ein ban ds d isappear and sim ulta neo usly some sma ller
molecula r-weight polypeptides (52,000 to 10,000) appear (Fig. 6B).

T he un bound prot ein mat erial is essentially composed of low-m olecul ar 
weig ht peptides. T he patterns obta ined in non-redu ced form for the first and seco nd
frac tion were esse ntia lly the same (F ig. SA). Upo n SDS gel electrophoresis, these
frac tio ns appear to co nsis t of the main su bu nits found in the crude extract. However,
there are obvio us differences in th e int ensit y of the sta ined bands in the region below
molecul ar weig ht 35,000 . On the o ther hand , reduced fractions I and 2 (Fig. 5B) a lso
sho wed differences in their electro pho ret ic patterns. As in the case of the crude ex
tract , some sma ller polypeptides ap pear after red uc tion. Frac tions I and 2 seem to be
identical in the number of subunits, however their proportion s are differ ent , pa r
ticularly in the lower-m olecul ar -weigh t ra nge (below 2 1,000) .

Co m pared with frac tio ns I and 2, the electro pho ret ic pattern s of fract ions 3. 4
and 5 (Fig. SA, B) show more imp ort ant d ifferences in co mposi tio n as well as in the
proportion s of the subuni ts, and eac h pro tein gro up has a cha rac teristic pa ttern.

T he electropho retic pattern s of frac tio ns 6 and 7 (t he strong hyd ropho bic
fract ions) are a lso very d ifferen t. Frac tion 7 is the only eluted frac tion which doesn' t
possess any polypept idic ban d of high molecular weight (60,000 to 49,000) an d the
pattern of reduced fract ion 7 shows a lar ge num ber of low-m olecul ar-weight poly
peptides.

Th e frac tio ns obtained when the chroma tographic procedure was conducted
witho ut N H; (see F ig. 4) were a lso subm itted to electrophoretic ana lysis. As show n
in Fig. 6 th e exclusion pea k co nta ins most of the sub units fo und in the cr ude extrac t.

-3
mo l. wt . x 10

60 

49 -

14-

E 2 3

Fig. 6. SDS -polyacrylam idc gel electrophoresis pattcrns of eluted prot ein fract ion s from octyl-Scphar osc
CI-4B wit hou t prior addition of (N H4)lS04 as described in Fig . 4. E = Exclusio n fraction. Fractions 1. 2
and 3 were respect ively eluted wit h 0.02 M borate . pH 7.4, 10- .1 M borate. pH 7.4. a nd water. A 50-Jig
amoun t of protein in non-reduced form was loaded.
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Frac tio ns I, 2 and 3 resp ecti vely eluted with 0.02 M bo ra te, pH 7.4. th en 10- 3 M
bo ra te, pH 7.4, and fina lly wa ter have similar electro phoret ic patterns to th ose of
frac tio ns 3, 4 and 5 previously described .

SDS-polyacry lamide gel electrophoresis sho ws th at al l th e eluted frac tio ns
exhibi t simi lar patterns desp ite the fac t the chro ma togra phic procedure has been
conducted in th e prese nce of N H1 or POl - (resu lts not shown).

T he descr ibed procedure a llowed us to fract ion at e pro tein s fro m othe r vege
tabl e origins . For exa mple. electrophoret ic patterns of soybea n and broadbean protein
fract ions obtai ned by th is procedure are shown in Fig . 7A a nd B.
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Fig. 7. SDS-polyacr ylamide gel electro phoresis patterns of the differen t protein frac tio ns obtained from
soybean (A) and broadbean (B) using hydrophobic chromatograp hy. by the procedure described for
sunflower proteins. CE = Cr ude extract; E = exclusion fraction. Only the five low hydro phobic fract ion s
(\ - 5) were anal ysed in no n-reduced form .

D ISC USSION

Th e hydrophobi c properties of sunflower pr ot eins seem to be pr ovide an inter
esting approach to seed pr ot ein fract ion at ion. Using octy l-Sepharose CI-4B as
matri x. hydrophobic chroma togra phy permits th e sepa ra tion of two main pr ot ein
species: the low hydrophobic pr ot eins which a re not normally bound to th e matrix.
and th e stro ng hyd rophobic protein s which a re retained and only eluted with th e help
of a cha otropic agent which decreases th e hydrophobi c int eraction s betw een the
prot ein and th e hydrophobi c gro ups of th e gel. The stro ng hydrophobic protein
fracti on represents about 15 /'. of the sta rting material.

Th e hydrophobi c int eracti on s ar e kn own to increase up on increasing the ioni c
strength of th e med ium !". In thi s way. our results sho w th at in 20 % sa tura ted
(N H4h S0 4' only about I 'X, of the crude pro teins are not bo und to the hydroph obic
matri x. Under th ese con diti ons chlor ogenic acid is readil y elimina ted in a non-ad
sorbed frac tion. T hus . by th is pr ocedure. it is possibl e to remove chlorogenic acid and
prepare a lmost pure chlorogenic-free prot ein sa mples. The elimina tio n of thi s ph enol
ic acid is of grea t interest becau se its presence causes considera ble d isco lora tion of
sunflower mea ls. restricting their applica tio n in the food indu stry.
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This chromatograph ic pr ocedure not only removes chl orogen ic acid bu t a lso
permits the fractionati on of the sa lt-so luble protein extrac t ad sorbed on th e hydro
phob ic matrix. The separation is bas ed on the fact tha t a pro gressive dec rease in the
ionic strength of th e elution bu ffer may promote selective de sorption of proteins by
decrea sing their hydrophobi c interact ion s with the gel. Our studies ha ve shown that a
stepwise procedure using five differen t solutions of dec reasin g ionic strength yields
five low hydroph obic pro tein fracti ons.

Th e str ong hydroph obic proteins may also be separated in two different fra c
tion s by the use of chaotropic agents such as MgZ + and Mes .

Like other seed pr ot eins ' Y? ", sunflowe r pr oteins a re heterogeneou s and com
posed of different su bunits l

-
3

• Thus, seed pr ot eins may be con sider ed as an associa t
ing protein system Z 1,2 z. Results obta ined on SDS-polyacrylamide gel electrophoresis
ind icate th at th e seven pro tein fractions are partly composed of similar subunits (but
in d ifferent proportion s) and partly of different subunits. T he existence of polypept ide
ch ains in these subunits an d connecte d at least pa rtly by disulphide br idges coul d be
proved by SD S gel electropho resis of red uced pro tein s. The hyd rophobic amino acid
content of th ese different su bunits and/o r th eir spacial ar rangement in the qu aternary
structure may exp lain their hyd rophobic chroma togra phic beh aviour.

It has been shown in thi s study that fixation of the low hydrophobic proteins
may be achieved by raising th e ioni c strength in the sta rting bu ffer. Th e use of salt ing
ou t ani on s or ca tions (NH; or PO~ - ) leads to th e same fixat ion effectiven ess. On the
other hand, th e pr esenc e of NH; seems to have an effect up on th e fixation of only
some specific pro teins since the electro phore tic patterns of fractions 3, 4 and 5 are
similar to those of fractions I, 2 and 3 obta ined when th e chroma togra phic procedure
is ca rried out witho ut prior ad diti on of ammonium sulphat e.

Preliminary results in our laboratory have shown that seed proteins of ot her
species such as broad bean and soy bea n exhibit, under the described con d itio ns. sim
ilar beh aviour when the y are su bmi tte d to octyl-Sepha ro se chromatogra phy. For
these two protein s about 20 %of th e starting protein mat eri al is not reta ined on the
column. The impor ta nce of th is "hydrophilic" fraction can be relat ed to th e high
wa ter so lubility of legume seed proteins .

The an alyti cal pr ocedure descr ibed permits a new approach to th e frac tion
ation of sunflower sto rage proteins which is based on th eir hydrophobic proper ties.
Octyl-Sepharose seems to be a very suita ble matrix for most of th e seed proteins
studied and further investiga tions are now being performed to substa ntiate this fact.
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SU MMA RY

Reversed-phase thin-layer chromatography plates of different types and dif
ferent manufacture are all suitable for the chro mato graphy of ecdysteroids (insect
moulting hormones). A number of solvent systems have been examined, and elution
with methanol-water mixtures from C 1~ -coated plates provides a suitabl e general
system, Th e detection limit of ecdysteroids on reversed-phase plates is 10- 7 g, using
fluor escence qu enching or vanillin- sulphuric acid spray. The recovery of ecdy
steroi ds, wh ich is inefficient from normal silica plate s, is much more efficient fro m
reversed-phase plates, especially when residual silanol groups are "capped" with
organosilane reagents.

INTROD UCTI ON

A variety of chromatographic techniques have been used in the isolat ion , iden
tificat ion an d analysis of ecdysteroids, the moulting hormones of insects and crus
tace an s, The existence of 17 zooecdysteroids and over 50 phytoecdysteroid s, all of
closely relat ed structure", makes heavy dem ands upon the separation powers ava il
able to an investigator. Adsorption co lumns, th in-la yer chromatography (T LC), high
performan ce liquid chro mato graphy (HPLC) and gas chromatogra phy (G C) have all
been used . TLC has been a popular method with ecdysteroids because it is simple to
use, inexpensive, gives good resolu tion and RF properties can be varied widely by
exploiting the choice of solvent systems avai lable". TLC in this a rea suffers fro m two
disad vantages, first , relatively poor sensi tivity of detection compared with G C and
HPLC, and second ly, losses of compounds du e to irreversible ad sorption on silica
ma y be high when small quantities of compound are available:'. Now th at reversed
phase (RP) TLC plates are available from a number of manufacturers and can be
made easily in rhe laboratory, we decided to exp lore their usefulness for ecdysteroids.
RP-TLC is highly suitable for such polar compounds, and problems of irreversible
ad sorption should be reduced or elim inat ed , It provides another system with different

* Present ad dress : Hoechst UK Ltd .. Walton Manor . ' Milton Keynes, Bucks. MK 7 7Al , G rea t
Britain ,

0021-9673/81/0000-0000/$02 .50 © 198/ Elsevier Scientific Publi shin g Compan y



212 I. D. WILSO N, S. SCA LIA, E. D. MO RGA N

separation properties for the qua litati ve ana lysis and identifica tion of ecdysteroi ds in
biologica l systems.

We have here examined the sepa ra tion of severa l ecdys teroi ds on commercially
available RP-TLC plates and the recove ry of ecysteroids from them, and conducted
some prelimin ary experiments with " ho memade" RP-TLC plates.

EX PERIM ENTAL

TLC plates
Absorption TLC plates were prepared by coating 5 x 20 cm glass plates with a

0.3-mm layer of silica gel G (E. Merck , Darmstadt, G .F. R.). T he plate s were allowed
to dry in air and stored over CaCI2 •

RP -TL C plates were obta ined from three commercia l so urces and were made
in the lab orat ory. Precoated plates (l O x 10 ern) containing short , medium and long
carbo n chains bonded to the silica surface (RP-2, RP- 8 and RP-1 8 respectively) were
obtained from Merck . One type of plate (20 x 5 em), KC l s , precoated with C IS
carbon chai ns was obtained from Whatman (Springfield Mill, G rea t Britain). Three
types of Macherey, Nagel & Co . (D Uren, G. F.R.) plat es were used , which have dif
ferent degrees of silanization with octadecylsilane. T hese plates (lO x 10 ern) are 50,
75 or 100%silanized.

RP- TLC plate s were prepared in the lab or atory by immersing precoated silica
TLC plates (10 x 10 em, Wh atman high-performance silica, Type HP-K) in a solu
tion of 2 %trichloroocta decy lsilane in toluene (d ried, molecular sieves). The plates
were sonicated three times for 30-sec intervals in the first 15 min of imme rsion and left
in the bath overn ight, then washed for 10 min in each of to luene, aceto ne and meth
anol. Plates were dri ed at 110°C for I h before use. Ca pping was car ried out in the
same way using trimeth ylchlorosilan e or dimeth yldichlorosilan e.

jAil plat es had an acid-sta ble fl uo rescent indicator incorporated.

Use of the plates
Ecdysone (95 % pure by HPLC with UV detection ) and 20-hydroxyecdysone

were obta ined from Simes (Mi lan, Italy). Solvents were of ana lytical grade.
Amo unts of ecdys tero id from 10- 6 to 10- 7 g were spotted on the plates using a

10-)11 SG E syringe. Th e reversed-ph ase plates were cond itioned for 30 min in the
atmos phere of the tank before use. Th ey were then develop ed in 95 %ethanol-water
(I :1) for qu antitativ e studies or the appro priate solvent for RF studies. Th e ads orp
tion plate s were developed in chloroform- metha nol (8 :2).

After development , the plat es were visualized und er a UV lamp at 254 nm .
Fluo rescence was induced in ecdysteroids by heating for I hat IlO"C in the presence
of so lid ammonium carbonate, and viewing under a UV lamp at 366 nm . Vanillin
spray reagent was prepar ed by disso lving vanillin in a mixture of co ncent ra ted sul
phuric acid and 95 %etha no l (5:70:25, w/v/v) . After sprayi ng with the reagent , plates
were heate d to I00-1 20"C for I0 min and observed in normal light.

Quantification studies
Where recovery from the pla tes was measured , after visua lization in UV light,

the appropria te RF bands were scra ped o ff. Th e silica was tra nsferred to a test-t ube
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and extracted with methanol (I ml) . The silica was separated by centri fugati on and
the clear supern ata nt liquid decanted into a Reacti-vial (Pierce & Warmer, Chester,
Great Britain), where it was eva porated to dr yness with a stream of warm nitrogen.
The residue was re-dis solved in a known volume of methanol for quantification by
HPLC, using a Pye LC 3 XP pump, a Pye gradient elut ion system and Chroma tro nix
220 fixed-wavelen gth (254 nm) ab sorption detector. The analysis was carried out on a
Shandon Southern 100 x 5 mm co lumn packed with 5-ll m particles of Hypersil ODS
und er isocratic conditi ons (methanol-water , 45 :55) at a flow-rate of 1.0 ml min - 1 .

Samples of 10 III were injected onto the co lumn. The qu ant ity of compo und present
was calcula ted from a sta nda rd curve obtained by plotting peak ar ea aga ins t quantity
of ecdysone injec ted. The least detec table amount was lOng.

RE SULTS AND DI SCUSSI ON

At present, a range of RP-TLC plates are available commercially. Merck pro
du ce plate s with ethyl (C zl, n-octyl (CM) or »-oc tadecyl (C IM) groups chemica lly
bonded to th e silica surface, gibing a range of partitioning propert ies. Ma cherey, Nagel
& Co. produce a simila r range of properties by contro lling the deg ree of silanizing to
produce plat es which are 50, 75 and 100 %co vered with C 1Mgroups . Whatman also
manufacture a CI M-coated plate.

We have deter mined the RF values of ecdysone and 20-hydroxyecdysone, the
commonest ecdysteroids encountered , on each of th e Merck plates, using a range of
or gani c solvents (methanol, ethanol , 2-pro panol, ace to ne and ace to nitr ile) together
with wat er. The variation of RF value with solvent compos it ion on the three typ es of
p!at e are shown in Table I. Only the upper and lower limits of RF values mea sured are
given.

Good resolution of ecdyso ne and 20-hyd roxyecdys one was possible using all
the so lvent systems tested . The eluo tro pic series formed by this gro up of or ganic

TA BLE !

VARIA TI ON OF R~. VALUES OF EC DYS ONE ( GI) AND 2~HYDROXYECDYSON E ~) ON
MER CK RP-TLC PLAT ES. IN DIFF ERENT SO LVENT SYSTEMS

Solvent Proportions C2 C CI 8H

GI II GI II GI If

Methanol-water- 50:50 0.3g 0.53 0.28 0.44 0 0
80:20 0.88 0.g8 0.75 0.82 0,76 0.82

Etha no l-water 40 :60 0.38 0.53 0.34 0.52 0.41 0.57
70 :30 0.89 0.89 0.88 0.g8 0.88 0.88

2-Pro pano l-wmer 20 :80 0.18 0.46 0. 19 0.46 0.24 0.46
60:40 0.87 0.87 0.83 0.83 0.81 0.81

Aceto nitri le-water 30:70 0.44 0.60 0.33 0.53 0.35 0.50
60 :40 0.86 0.86 0.90 0.90 0.90 0.90

Aceto ne-water 30 :70 0.35 0.58 0. 16 0.53 0.26 0.45
70 :30 0.79 0.87 0.86 0.86 0.84 0.91

* With meth an ol -water (60:40) on C 1H plate s, GI = 0.39 and II = 0.54. With methanol- water (90 :10),
R, values were 0.9 for both compounds on all thr ee types of plate.
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solvents is as follow s: isopropanol > acetonitrile> acetone > ethanol> methanol.
An Rp of approximately 0.5 (on all three types of plate) was obtained with the
following solvent compositions: isopropanol-water (30:60); acetonitrile-water
(35:65); acetone-water (40 :60); eth anol-water (45 :55) and methanol-water (65 :35).
The largest separations bet ween ecdysone and 20-hydroxyecdysone were achieved
with the minimum possible organic modifier which still a llowed so lvent migration.
The best separation , of 0.29 R; units was obtained on a C2 plate using isopropanol
wat er (20 :80).

T he effect of alcohol chain length on the quantity of organic modifier required
to achieve the same sepa rations is illustrated in Fig. I. Differences resulting from the
length of the carbon cha in bonded to the silica were mo st noticeable at low RF , where
less orga nic modifier was present. With larger proporti ons of organic modifie r in the
solvent Rp values on all three types of plate were similar. There was no trend with
chain length, the R; values on the CB plates sometimes being lower than on the C2 or
C 1B typ es. Bearing in mind th at the greater the prop orti on of the organic component,
the less viscous the mixture, and the shorter the elution tim e, non e of the systems
showed any distinct advantage over methanol-water mixtures, and for further work,
attention was confined to this solvent system.

10

0.2

01

w ~ 00 00 100

%Organic Compon ent

Fig. I. The var iati on of RF valu es for ecdyso ne (sol id line) and 20-hydroxyecdysone (das hed line) on Merck
CIS RP-TLC plates in a lcohol- water so lvent systems.

Examination of the Macherey, Na gel & Co. plates, coa ted with 50, 75 and 100(>;,
of C18 hydrocarbon chains, showed that the ir RF propert ies were very similar to those
of the Merck plates (Table II) . There was greater separati on between ecdysone and
20-hydroxyecdysone at low proportions of methanol (methanol-water, 50:50), and
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TA BLE II

VARIATION OF R. VALUES OF ECD YSON E (ex) AND 20-HYDROXYECDYSONE (/l) ON
M A CHER EY. NAGEL & CO. AND WHATMAN RP-T LC PLAT ES

5{)~~;;, 75/;) 100% ex p
--_.._--_.- ------

ex /l ex {3 ex {J
_. -_..- ..- ~_.-- -

0.25 0.3!! 0.20 0.34 0.13 0.19 * *
0.!!4 0.84 0.89 0.89 0.86 0.!!6 0.78 0.78

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

Proport ions
of methanol 
Inlier

50:50
90:10

Extent of coating, Mucherey, Nage/ & Co.• C ," Whatman C l 8

* Not welled by solvent: in meth an o l- water (60 :40). RF = 0.38 (ex) and 0.5 (P).

R F values of appro ximat ely 0.5 were achieved with solvent prop ortion s 55:45 on the
50 ~';; coated plates and 65 :35 on the 75 %and 100%coated plate s. A trend tow ard s
lower RF values is seen, the grea ter the extent of coverage by the organic phase. The
Whatman C I 8 plates had similar RF values (Table II), but like the Merck C I 8 plates,
were not wetted by methan ol-wat er (50:50).

One of the factors which limit s the use of RP- TL C plates is their hydrophobic
nature, which limit s the choice of so lvent in which the sample can be applied, as well
as limiting the cho ice of mob ile phase. RP-TLC plates with a non -ab sorbent appli
cat ion zone, of the type already avai lable for silica plates wou ld be helpful where it is
desired to apply aqueo us so lutions (e.g., insect haemolymph or extracts contai ning a
high proportion of water).

The quanti ty of water which can be accommodated in the mobile phase de
pend s not onl y on the organic phase but a lso on the proces s of manufacture, Ma
cherey, Nage l & Co . C I !! 100 /:", pla tes can be used with met hanol-water (50:50)
whereas there is no solvent migrat ion with this mixture on Merck plates, and it causes
ad sorbant to come away fro m the glass back ing of the Whatrnan plates.

The high cost of the commercial RP- TL C plat es encou raged us to explore the
prepara tion of our own plat es in the lab oratory. No rmal high-performanc e silica
plates were silanized in a bath of to luene and trichlorooctadecylsilan e overnight", The
plates prepared in thi s way compa red favo ura bly with commercial plates, however ,
the fluorescent marker in the silica is lost during silanizing. Th e plate s were also
"capped" , by causing rem aining surface silanol groups to react with either dimethyl
dichlorosilane or trimethylchloro silane. Some R f • values are given in Table III. It is
not eworthy that the plates treated with trimethylchlor osilane gave the highest RF

values, and also had the mo st non-polar sur face (see Recovery of ecdysteroids fro m
reversed-ph ase plates) .

Separa tion of a large num ber of ecdysteroids
Th e sepa rations achi eved on Merck C2 ' C, and C I II plat es for a range of twelve

ecdystero ids, in three so lvent systems are given in Ta ble IV. It is interestin g that
significant cha nges in selectivity are apparent between alco ho l-water and acetonitrile
water based solve nt systems. In part icular poststeron e and cyas terone appear in
alco ho l-water to be more polar tha n ecdysone. whilst in acetonitrile-water they are
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TABLE III

RF VALUES OF ECDYSONE («) AND 20-HYDROXY ECDYSONE (/1) ON LABORATORY-MADE
REVERSED-PHASE PLATES

Solvent system : ethanol-water (60:40). DMCS = Dirn ethyldichlorosilane ; TMCS = trimethylchloro
sila ne.

Uncapped DMCS treated TMCS treated

e<

f3
0.75
0.78

0.81
0.85

0.84
0.89

less polar. It is perhaps noteworthy th at these two compounds differ from all the
other ecdysteroids examined in that they posess two, rather than one keto group.
Muristerone and ajugasterone C (which are unusual in possessing a hydroxyl at C-Il),
a lso exhibit some differences in behaviour, relative to ecdysone, in different solvent
systems. It should therefore be possible to manipulate both the type of plate used, and
the solvent system employed to obtain a wide range of separations amongst the
ecdysteroids, as both polarity and structural details seem to be important in their RP
TLC.

Detection of ecdysteroids all reversed-phase plates
The 7-en-6-one group common to the ecdysteroids strongly absorbs UV light

at 240 nm. Consequently, on TLC plates incorporating a fluorescent marker, the
ecdysteroids are readily visible as dark spots against the fluorescent background . By
this method, the smallest amount of ecdysteroid we could detect was I . 10- 7 g on RP
TLC plates, and about the same quantity on normal silica TLC plates (c/, ref. 2).

On silica the ecdysteroids have customarily been identified with the aid of a
number of visualizing reagents. The one most widely used has been vanillin-sulphuric
acid spray. The colour produced (blue to green to violet) can vary with the ecdy
stero id structure. We have examined the usefulness of this reagent on RP- TLC plates.
After spraying and heating, the typical colours were produced with ecdysone and
hydroxyecdysone, discolouration of the plates was minimal and the detection limit
was again about 10- 7 g.

The formation of fluorescent derivatives can be used to lower detection limits
in chromatography. Ecdy steroids form fluorescent derivati ves in ethanol- sulphuric
acid "? but we have found the fluorescence int ensity is variable with conditions, and
therefore not reliable for qu antitation. An alternative is to heat the plate in an atmo
sphere of ammonium carbonate at II O'c. When viewed under UV light of 366 nm , the
ecdysteroids show a blue-white fluorescence, detectable to 5 · IO - ~ g, moreover the
fluorescence appears to be stable for several days, but the fluorescence is rather non
specific", so ecdysteroids could not be detected in only partially purified biologi cal
samples.

Recovery of ecdysteroids from reversed-phase plates
It has been demonstrated in a number of cases that polar organic compounds

are not recovered efficiently from silica or alumina chromatograph ic materials be
cause of irreversible adsorption:'. This loss through adsorption is negligible in most
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TABLE V

RECOVERY (%) OF ECDYSONE FROM RP-TLC PLATES COMPARED WITH NORMAL
PHASE SILICA ADSORPTION TLC PLATES, IN QUANTITIES NEAR THE LIMIT OF DETEC
TION

Results were single determinations for laboratory-made plates, others are the average of two determi
nat ions.

Type of TLC plates Amount applied (g)

1 ·/0 -6 5.10 - 7 1 . /0 - 7

Adsorption TLC 56 56 51
Merck C2 84 84 79
Merck C, 82 79 80
Merck CIS 87 84 82
Macherey, Nagel & Co . 100 % CIS 88 83 75
Whatman CIS 76 76 71
Laboratory-made, not capped 82 69 *

capped DMCS 87 83 *
capped TMCS 91 80 *

* Not tested .

cases, but working in the f.lg and ng range, this loss can become significant to serious.
With a non-polar surface bonded to silica this irreversible adsorption loss should be
reduced, and RP-TLC plates should be more suitable for the quantitative separation
and recovery of ecdysteroids.

We have therefore compared the recovery of small samples of ecdysone in the
range 10- 6_10- 7 g (near the limit of detection) from normal-phase silica TLC plates
with that from various kinds of RP-TLC plates. The results are given in Table V.
While recoveries varied from 50 to 60 % on normal phase, all the RP-TLC plates
showed much higher recovery, up to 90 %. Recoveries are slightly better in all cases
for the larger amounts. Doubtless larger errors would be found for still smaller
quantities. The longer the carbon chain (see the Merck plates) the better the recovery,
but the difference is small. The recovery from plates coated with C I 8 groups in the
laboratory was improved by " capping" the unreacted surface silanol groups with
dimethyldichlorosilane or trimethylchlorosilane. Both Merck and Macherey, Nagel &
Co . plates are available with or without a fluorescent indicator added, and we have
examined the effect of the indicator on recovery. No difference was found in recovery
of ecdysone for the same manufacturer's plates with or without fluorescer, but the
indicator plates contain elutable components absorbing UV light, which give a
number of peaks when the sample is analysed later by HPLC.

We draw attention again to the poor recovery of such compounds as the
ecdysteroids from an activated silica surface, whether column, thin layer or HPLC
column is used. Clearly, RP-TLC is preferable for these compounds when all other
considerations are equal. The best material for this chromatography is non-fluores
cent plates, made by coating silica plates in the laboratory and then "capping" them
with trimethylchlorosilane.
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SU MMA RY

Variable and incom plete ana lyt ica l recov ery of cort iso l ti. e.• range 59-101 %)
was observed fro m aq ueo us sta ndards prepared for high-performance liquid ch ro 
matography (HPLC) by extrac tion into methyl ene chl oride. so lvent eva porati on an d
residue recon stitution in o ur mobile phase. An alytical reco verie s of co rtiso l following
solvent evaporation in glass tubes without extrac tion were low (49 %) and showed no
improvement by using co nta ine rs of diffe rent co mpos ition. Com pa riso n o f a radi o
chroma togra m for trit ium-labelled co rt iso l and a ch romatogram for unl abelled cor
tisol foll owing sam ple preparati on for HP LC indi cated that low an alytical reco veries
were not the result of co rt isol degrad ation during sam ple preparat ion. Adding pol y
ethylene glyco l (mol. wt. 20,000) to methylene chloride before so lven t evapo ra tion
dramaticall y im proved the analytical reco very of co rti sol.

IN TROD UCTI ON

Numerous methods for measur ing cortisol in serum and pla sma ut ilizing high
performan ce liquid chro ma tography (HP LC) have been repo rted 1- 1

1 since Wort
mann et al. ' described the first method in 1973. Sample preparation. prior to ch ro
mat ography. is an int egral part of the H PLC method and typically co nsists of extract
ing the sam ple with an or ganic solv ent. eva pora ting the ext ract to dryness and re
con stituting the residue with the HPLC mobil e phase. Van den Berg et al. 2 have
sho wn that methylene chl oride has a higher extracti on efficien cy for co rtiso l th an
eith er d iethyl ether or ethyl acetate and has been the so lvent selected by subsequent
workers. The low ana lytica l sen sitivity of the various method s at physio logica l con
centrations of cortiso l requires that reconstituti on volumes be substant ially sma ller
tha n the original sam ple volume . with previou sly reported concentrati on facto rs ti.e.•
sample volume/reco nstitut ion vo lume ) ranging fro m 5- to 333-fold .

While examining the sta bility and degrad at ion products of cortisol in aq ueo us
solutions usin g a recently pu blish ed HP LC method". we observed variable and
incomplete ana lyt ica l reco ver y of cortiso l d ur ing sam ple preparation . G arg et al"
previously observed only 72 (~l recov ery of co rt iso l from aq ueo us standards and Sco tt
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and Dixon s reported tha t the ana lytica l reco ver y of co rtiso l fro m 30 gj l bo vine a l
bumin was a pprox ima te ly 10 % higher th an from wa ter t i .e.. 76 1:) Other wo rkers
usin g ana logous sample pr eparati on protocols ha ve obse rved higher reco veries fro m
human sera (e.g., 78 %6, 83 %7 and 96 %3), but have bypassed pot enti al problem s
encountered with aq ueo us standards by eit her prepa ring more co nce ntrated stan
dards for d irect injection int o th e instrument withou t extrac t ion or adding sta ndard
to a po rt ion of th e ser um specime n fo r sim ultaneous wo rk-up.

In this st udy, we exam ine th e a na lytical recovery of cort iso l after so lvent evap
ora tio n and reconst ituti on with our mobile ph ase. The eva po ra tio n step is performed
in a va riety of contain ers and over a wide range of co rtiso l co nce ntrat ions . Radioac
tively labelled co rtiso l is used to verify the low a na lyt ica l recovery and to chec k for
possible degrad ati on of cort isol dur ing sam ple preparat ion. Fina lly, add it ion of a
macromolecular matrix materi al t i.e., polyethylene glyco l, mol. wt. 20,000) to the
methylene chloride before so lvent eva po ra tion is exami ned as a technique for impro v
ing th e a na lytica l recovery and pr ecision of co rtiso l measurement.

MA T ERIALS AN D M ETH OD S*

Chem icals
Cortisol, Standa rd Reference Materi al 921, was from the Nati on al Bur eau of

Standards (N BS) (W ashington , DC, U .S.A. ). [1,2,6,7-3 H4J co rt isol , I Ci jl (spec ific
act ivity 93. 1 Ci/mol), was fro m New England Nucl ear (Bosto n, MA, U.S.A .). Meth
ylene chlori de and methanol (both distill ed in glass) were from Burdick & Jackson
La bs. (M us kegan, MI , U.S.A .). Et ha no l (a bso lute) was fro m U.S. Ind . Chern. (T us
co la, IL , U.S.A.). Polyethylen e glyco l (P EG), mol. wt. 20,000 , was fro m Fisher Scien 
tific (Pitts bur gh, PA , U.S.A.). Read y-Solv HP scintilla tion cockta il was from Beck
man (Fullerton, CA, U.S.A.). Wat er (resistivity ~ 10 MQ) was cha rcoal filtered ,
deionized and filtered through a membran e of pore size 0,45 11m before use.

Equipment
The chroma togra phic system inclu ded : an SP8000 liquid chroma tograph and

da ta system from Spectra-Physics (Santa C lara . CA, U.S.A.); a pBondapa k CI ~

reversed- phase co lumn (30 em x 3.9 mm 1.D .) from Waters Assoc . (Milford , MA,
U.S.A .) a nd a Vari chrom va ria ble wa velength detector fro m Vari an (Palo Alt o, CA ,
U.S.A .). An l socap 300 liquid scin tilla tion system from Sea rle An alytic (Des Plain es,
IL, U.S.A .) was used for measuring tritium .

Procedures
Extraction. A Lrnl volume of aqueous cortisol solution wa s extracted with] 0

ml of methylene chloride by sha king a t 280 st rokes per m in on a mechani ca l shaker
for 10 m in. After shaking , th e layers were allowed to sepa ra te co m plete ly and 8.0 ml
of th e methylen e chl oride lay er were tran sferred to a 15-ml glass centrifuge tube for
eva po ration.

Evaporation . Methylen e chloride was evaporated by parti ally imme rsing the

* Use of tr ade nam es is for identific ation only and doe s no t co nstitute endo rsement by the Public
Health Serv ice or the U.S. Departm ent of Health and Human Services.
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centrifuge tube in a water-bath at 40"C under a stream of nitrogen gas. An apparatus
constructed of stainless-steel tubing directed the nitrogen flow into th e tube, and the
gas flow was maintained between I and 3 cm above th e surface of the methylene
chloride during evaporation.

Reconstitution and chromatography. Residues after evaporation were reconsti
tuted by adding 100 pi of the HPLC mobile phase (methanol-water, 55 :45, v/v),
immediately replacing the container cap and vortexing the solvent over the interior
surface of the tube for 15 sec. A 50-pi volume of solution was injected for chromato
graphic analysis . The mobile phase was pumped at a flow-rate of 1.0 nil /min producing
a back pressure of 9 MPa (1300 p.s.i .). Column eluent was monitored at 242 nm at
detector settings between 5 and 20 milliabsorbance units full scale.

Recovery studies
Standards: Stock solutions containing 500 pmol /I and 640 pmol/I of cortisol

were prepared in absolute ethanol , stored at 4"C, and used within 1 month. Ap
propriate dilutions of stock solutions were made into methylene chloride, our mobile
phase , and water as described in th e studies below.

Calculations. Analytical recoveries were calculated by dividing the peak area of
absorbance or radioactivity measured in a sample prepared following our protocol
(i.c., solvent evaporation and reconstitution) by the peak ar ea of a bsorbance or
radioactivity measured in a standard diluted directly in our mobile phase correspond
ing to th e theoretical concentration of the reconstituted sam ple (i .e., assum ing com
plete analytical recovery). The dividend was then multiplied by 100.

Concentration effec) . Solutions containing 0.04, 0.12, 0040, 1.20, 4.0 and 8.0
pmol/I of cortisol in methylene chloride were prepared and 8-ml portions transferred
to a corresponding centrifuge tube, evaporated to dryness and reconstituted with 100
JLI of our mobile phase. We prepared the various concentrations of cortisol by seq uen 
tially diluting our 640 pmol /I standard four-fold with methylene chloride and then to
the cortisol concentrations used in the study, e.g., a 40-fold dilution to yield a cortisol
concentration of 4.0 {lmol /!. Chromatographic peak areas for the reconstituted sam
ples were compared to the peak area of a 3.2, 8.0 or 9.6 pmol/l standard prepared by
diluting our 640 pmol/I standard with mobile phase. After reconstituting samples
with 100 {ll of mobile phase, the two solutions with the lowest concentrations of
cortisol ii.e., 0.04 and 0.12 {lmol /I) were injected directly into the HPLC system and
compared to a standard corresponding to complete analytical recovery ii .e., 3.2 and
9.6 pmolfl) . Reconstituted solutions from the four remaining sam ples were diluted
further with mobile phase as described in T a ble I.

Tubes for evaporation. A 40 nmol /l solution of cortisol in methylene chloride
was prepared and 8 ml transferred to each of five different types of tubes : a Pyrex
brand glass, 15-ml screw-capped centrifuge tube, Corning, (Corning, NY, U .S.A.) ; a
Ray-Sorb, 1.8 x 15 em, low-actinic glass tube, Kimble Products (Vineland, NJ ,
U.S.A .); a Falcon No. 2070, 50-ml conical polypropylene tube, Becton-Dickinson
(Oxnard, CA, U.S.A.); a Tefzel ETFE (ethylenetetrafluoroethylene), 12-ml tube, Nal
gene (Rochester, NY, U.S.A .); and a Pyrex brand glass, 15-ml tube rin sed in a 10 g/I
solution of Dow-Corning 360 fluid (Dow Chemical, Midland , MI, U.S.A.), a clear
liquid containing dimethyl polysiloxane wh ich dries to a chemically inert, water re
pellant surface after heating to 300"C for 30 min. The cortisol solution was prepared by
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seq uentia lly diluting our 640 flmol/I sta nda rd 16.000-fold with methylene chlori de ,
i.e., a 200-fold dilutio n fo llowed by an SO-fold dilut ion . T he sol ution was eva porated
to dryness an d the residue reco nstituted with 100 II I of o ur mobi le phase. Chromato
graphic peak areas measured for the reco nstituted specimens were compared to the
peak area of a 3.2-flmol /1 standard prepared by d iluting 50 Itl of our 640-flmol /1
st andard to 10.0 ml with mo bile phase.

Tritiated cortisol. A 50-nmol/1 solution of co rtiso l in methylene chloride con
taining approximately 6.25 flCi /1of tritiated cortisol was prepared and an 8-ml por
tio n was tra nsfe rred to a glas s centrifuge tube. evaporated to dryness and reco nsti 
tuted wit h 100 II I of our mo bile phase. D ur ing chromatogra phy. frac tio ns were co l
lected at the detector out let in to scintilla tion via ls at 30-sec inter va ls beginning at the
time of injecti on . Th en 10 ml of scinti lla tion fluid was dispe nsed int o each via l.
thoroughl y mixed with eac h fract ion and counted fo r 10 min.

Polyet hy lene glyco l study, So lutio ns co nta ining 50 nrno l/I of cort isol and var 
ious co ncentrations of polyethylene glyco l in meth ylene chloride were prep ar ed and
8-ml portions transferred to centr ifuge tubes. eva po ra ted to dryness and reconst ituted
with 100 fll of mobile ph ase. Co rtiso l was added to th e so lutions by initi ally preparing
a 100-fold dilution of our 500 flmol /I sta ndard in methyl ene chloride and then dis
pensin g 100-llI portions int o eleven 10-ml volume tric fl asks. Methylene chlorid e and
ten so lutions contai ning 0.004 . 0.0 I, 0.10, 0.40. 1.0. 2.0. 5.0. 10. 20 and 50 m g/l of
po lyethylene glycol in methylene chlori de were ad ded to dilu te the 100 fl l of cortisol
so lution to 10.0 ml. Chroma togra phic pea k areas for the reco nst itute d spec imens
were co mpared to the peak area of a 4.0-flmol/1 standard prepared by diluting SO Itl of
our 500-flmol /1standard to 10.0 ml wit h mo bile pha se.

Extracted aqueous cortisol. Seven I-m l al iquots of a 500-nmol /1 so lution of
cortisol in water were each extracted wit h 10 ml of meth ylene chloride. The methylene
ch loride layers were co mbined, mixed and dispensed in 8-ml portions into seven glass
cen trifuge tubes . A 160-/11 vo lume of a I .O-g/I so lution of po lyethylene glycol in
methylene chloride was pipetted in to eac h tube. T he extracts were evaporated to
dryness. and reco nstit uted with 100 III of mobile phase. Chroma tographic peak areas
for the recon stituted specimens were com pared to the peak a rea of a 4.0-/llnol /1
standard prepared by di luting 80 fll of our 500-llmo l/1 standard to 10.0 ml with
mobile ph ase.

R ES U LTS AN D DI SC USSI O N

In a preliminary study, we observed ana lytica l recoveries ran ging betw een 59
and 101 %upon repeat ed ana lysis (11 = 6) of an aqueo us so lution co nt aining cortisol
(500 nmo l/l) in which sam ple pre para tio n co ns isted of extraction with methylene
ch lor ide. so lvent evapora tion and reco ns titution of the res idue with the mobile ph ase.
Addit iona l studies in which cortisol sta nda rd (50 nrnol /l) was dissol ved direct ly in
meth ylene chloride (i .e .• bypassi ng sample extrac tio n) showed ana lytical recoveries
ra ng ing fro m 47 to 75 %. T hese observations sugges ted to li S that co rt iso l was either
decomposing du rin g sam ple prepa ra tion or was d isso lving incom pletely from the side
of the tube dur ing reconstit ution .

Da ta in Tabl e I show th a t as the co nce nt ra tion of cort iso l in meth ylene
chloride is increased. ther e is a small co nco mitant increase in the ana lytica l recov ery.
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TABLE I

ANALYTICAL R ECOVERY AT VARI O US CONCEN T RA T IO NS OF CO RT ISO L
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An 8-ml volume of cortisol solution in methylene chlo r ide was evaporated to dryness and reconstituted
with 100 Jil of mobile ph ase

Analytical recovery of cortisolSo lution
evapora ted

0.04
0.12
OAO
1.20
4.00
8.00

Experime nta l
(umoljl )

IA
5.1

20.6*
62.8**

246***
454 !

Theoretical
(umol]I )

3.2
9.6

32.0
96.0

320
640

%

44
53
64
65
77
71

* Reconstituted sample (50 Jil) diluted four-fo ld with mobile pha se an d peak area compared to 8.0
Ilmol/ l sta nda rd .

** Recon stituted sa mple (50 III) diluted ten-fold with mobil e ph ase and peak area com pa red to 9.6
Jimol /l standard.

*** Recon stitu ted sample (50 Jil) diluted 40-fol d with mobile ph ase an d peak ar ea compared to 8.0
Ilmol/) sta ndard .

§ Reconstit uted sample (50 Jil) diluted 80-fold with m obile ph ase and peak area compared to 8.0
Ilmo l/ l sta ndard .

Chroma tograms showed no extra neous peak s a t 242 nm , followin g sam ple prepa
ra tion, only a redu ction in peak height compared to a cortisol standard prepared in
our mobile phase. Th e relationship betw een recovery and concentration in Table I is
incon sistent with a solubility problem associated with the reconsti tution step, since
concentrations exceeding the limit of solubility of cortisol would show reduced re
coveries with increas ing concentra tions. Similarly, so lubilities reported v' for cortisol
in water (0.77 mrnol /I) and methanol (17 mmol /l) are well above the largest concen
tration examined in Table I. Unfortunately, the analytical recovery observed for the
0.04-llmo l/1solution of cortisol in methylene chloride which showed the lowest value

TA BLE II

AN A LY TI CA L RECOV ERY OF CO RT ISO L FROM VARIOU S CO N TA IN E RS

Type of tube Analyt ical recovery*

umol]l ':;,.

Pyrex glass 1.57 49
Low-act in ic glass 1.94 6 1
Silieonize d glass** lAO 44
Polypropylene 0.9 8 31
Eth ylenete tra fluoroethy lene 1.71 53

* Th e theoret ical concentration of a reconstitu ted specimen with 1001:. recovery is 3.20 /lmol /I.
** Pyrex gla ss treated with Dow -Corn ing 360 fluid .
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in Table I corresponds most closely to a typi cal physiological concentrat ion in human
serum before extra ction with a ten-fold volume of solvent.

Table II shows that low ana lytica l reco very of cortisol ii.e., 31-61%) was also
observed in a va riety of containers used while evaporating the methylene chloride prior
to measurement by HPLC. Again no extran eous peak s were observed in the chrom a
togram at 242 nm. The an alyt ical recovery of cortisol in a low actin ic glass tube was
only slightly higher than in a clear glass tube. suggesting th e loss of steroid is not the
result of ph ot olysis to a non-ab sorbing compound during sample preparation . As
suming th at a po rtion of the co rtisol becom es irreversibly bound to the surface of the
co ntainer duringsolvent eva po ration. dat a in Table II suggests that th e composition
of the surface of the container has a negligible influence on the apparent binding. Fo r
example. coating the surface of the glass tube with dim ethyl polysiloxane ti.e.. Dow
Co rn ing 360 fluid) and the use of polypropylene and ethylenetetrafluoroethylene tu bes
failed to improve the an a lytica l recovery co mpa red to the untreat ed glass tube.

We further investigat ed the pos sible decomposition of corti sol during sampl e
preparation by use of triti at ed cortisol. Fig . I shows that the retention time of
triti ated cortisol measured by ra dioactive co unting in fractions collected during chro
mat ography coincides with th e retention time for corti sol measured by absorbance.
There were no ot her peak s in the radioch romatogram and the ca lculated recovery of
radioactivity in the eluted frac tions was 71~) ' These find ings reaffirm the analyt ical
loss of cortisol during sample preparat ion and suggest that the port ion of corti sol
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Fig. I. Chromatogram (A. so lid line) and a rad ioch rom atogram ( e ) for cortisol and tritiated co rt isol
fol lowi ng sample prepara tion for H PLC. Chromatogram B shows a blan k. consi sting on ly of methylene
chloride with ou t cortiso l. treated the sam e as th e sam pic in A.
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TA BLE III

AN ALYTI CAL RECO VERY O F CO RTI SO L AT VA RIO US CO NCENTRATIONS OF POLYETH
Y LEN E G LYC OL

Solven t : methylene chlo r ide . Cortiso l co nce n tration : 50 nmol/l.

Concentration of
po lyeth ylene glyco l
(mg/I)

Ana l yticul reC{)\'ery*

IUlIOII I /"

0.000
0.004
0.0 1
0.10
0.40
1.00
2.00
5.00

10.0
20.0
50.0

2. 16
2.27
1.70
2.34
3.4X
3.62
3.67
3.85
3.96
3.95
3.96

54
57
42
5X
X7
90
92
96
99
99
99

* The theor etica l con centrat ion of a recon st itu ted spec imen with I00 ~:> recov er y is 4.00 /lm ol /I.
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Fig . 2. C hro ma tog ra m A sho ws co rtisol a nd po lye thylene glyco l foll owing sa m ple pr eparat ion for HP LC.
Chro matogra ms B an d C show blank s (no added co rtiso l) co ns isting of methylene chloride wit h a nd
wit ho ut po lyethylene glyco l prepa red th e sa me as the sa m ple in A .
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which redissolves in our mobile ph ase has not undergone chem ical decomposition .
i.e., unless the product of such a decomposition has th e same chromatographic reten
tion time as cortisol and does not co ntai n the radi oactive port ion of the molecule.

Co llectively, the dat a presented ab ove suggest that a port ion of the co rt iso l
becomes bound to the sur face of the contai ner during the evaporat ion step of sample
preparation so th at it is not rea dily red issolved in our mobile phase. We investigated
the poss ibility of competing with th e binding to the container by adding a material to
th e meth ylene chloride which would provide a matrix for cortisol in the residu e
produced during so lvent eva pora tio n. We selected polyeth ylene glycol as a cand ida te
matrix mat erial becau se it is so luble in meth ylene chloride. water and methan ol and it
is commonly used as a lar ge mol ecular weight matri x component for lyoph ilized
products. Ta ble III shows th at ana lytica l reco veries of cortiso l are increased with
incr easing concentra tio ns of polyeth ylene glyco l to a maximum of 99 :%'.. i.e .. even at a
concentration of I mg:;1 of pol yeth ylene glycol in meth ylene chloride the recovery
incr eased to 90 %. At a polyeth ylene glycol concentra tion of 10 mg /l and grea ter .
values for the analytica l recovery appear ed to plateau at essentially the theoretical
value.

Fig. 2 shows the effect of adding pol yethylene glycol on the chro ma togram for
cortisol. Althou gh severa l sma ll extraneou s peaks arising from polyeth ylene glycol
are introduced in th e beginning of the chro ma togram, none of them co incide with the
peak for co rt isol.

As a final experiment. polyeth ylene glycol added to meth ylene chloride extracts
prepared from an aqueo us sta nda rd (500 nrnol/l) gave ana lytical recover ies of corti sol
ranging between 92 and 99 % (11 = 7, mean 96 %). Although we have not examined
different commerci al so urces of polyethylene glycol or the long-term effects of th is
pol ymer on our reversed-phase column. the se results indica te that adding a suitable
macromolecular matrix material to the methylene chloride before so lvent eva po
ration sub stanti ally improves the analytical recovery of cortisol and lowers the vari
ability of result s.
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lon-exchange and straight-phase partition high-performance liquid
chromatography of the opiates on silica
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Department of Organic Chemistrv, Royal Danish School of Pharmacy, 2 Universitetsparken, DK-2100 Co
penhagen (Denmark)

(Firs! received July ISth, 19HO; revised manuscript received March 3rd, In I)

Liquid chromatographic systems containing acidic amine salt buffers and using
silica columns have recently been reported>'. These systems were originally designed
for simultaneous separations of primary, secondary and tertiary amines as well as
quaternary ammonium salts. Recently one of these systems has been used for the
determination of morphine in opium". All the systems published can be described as
straight-phase partition chromatography.

It is known that silica gel may also act as a cation exchanger in water-rich
systems".

The opiates have previously been separated by high-performance liquid chro
matography (HPLC) using straight-phase adsorption'<", straight-phase par
tition4,!O,l1, reversed-phase! 1-16 and ion-exchange chromatography17 . In this study
the influence on the retention of some opium alkaloids of a gradual change in the
polarity of the mobile phase from a straight-phase system containing 1%water to an
ion-exchange system containing 90 %water is investigated using a silica column,

EXPERIMENTAL

Apparatus
A liquid chromatograph comprised of a Waters 6000 pump, a Rheodyne 7120

loop-injector, a Waters 440 UV-absorbance detector (254 nm) and an Omniscribe
5117-5 recorder was used.

Chemicals
All chemicals used were of analytical reagent grade, and the amines were dis

tilled before use.

Chromatography
The chromatographic column (150 x 4.65 mm I.D.) was packed with Li

Chrosorb SI 60 5-flm particles as previously described 1. The efficiency of the column
was 6000 plates for thebaine (capacity ratio, k' = 2.0) measured with acetonitrile
water-glacial acetic acid-diethylamine (10:90:0.5:0.5) as the mobile phase.

A column identical to the chromatographic column was installed between the
pump and the loop-injector in order to saturate the mobile phase with silica.

0021-9673/81/0000-0000/$02.50 (Q 1981 Elsevier Scientific Publishing Company
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RESULTS AN D DI SCUSSION

NOTES

Th e basi s for this investigat ion was a stra ight-phase partition chromatogra phic
system with silica as the solid phase and tetrahydrofuran-methanol-glacial acetic
acid-diethylamine-water (80 :20:0.5 :0.5 :1.0) as the mobile phase.

The polarity of the mobile phase was gradually increased by substituting meth
anol for tetrahydro furan (Fig. I). This resulted in a decreased k' valu e for normor
ph ine, but increased k' values for the other opiates test ed. The k' value for morphine
increased less than the values for codeine and thebaine.

5

\ -. -, .: ----------- \ -,<. \ /

{

180 170 150 100 50 Wa ter 2 2 2 2 2

Mob ile 20 30 50 100 150 M.et hanOI . 198 178 158 98 38
~~va se 0 0 0 0 0 Tet rahydrofura n 0 20 40 100 160

1 1 1 1 I Glacial acet ic a c i d I 1 I 1 I

I I 1 1 I Di eth ylamin e I 1 I I I

Fig. !. Plo ts of the k ' values of opia tes obtained on unm odified silica versus the polari ty of the mob ile
phase . Opiate s : EjJ, codei ne; O . morph ine; \1, nor mor phine; O . noscapinc: 6 . pa paver ine; e, thebai ne.

Thi s beha viour may be du e to solvation of the so lutes and the diethylam
mon ium acetate. Solvation of the solu tes results in decreased k' valu es, the more
pol ar sub stances being affected the mo st. Therefore a dr astic change in retention is
seen for normorphine. On the other hand, at the higher methanol concentration, less
diethylammonium acetate will be adsorbed to the silica, which gives the solutes more
access to the silica surface. Thi s results in an increase in the retention of the less
solva ted semipolar compounds, thebaine and codeine.

Wh en the polarity of the mobile phase was further increased by substituting
water for methanol, the k' values for all the opiates decreased as a co nseq uence of the
deactivat ion of the silica. However, when the water con tent increased beyond ca. 50 :~() '

the k' valu es again began to increase, and the order of eluti on became the exact
opposite of what was seen with the straight phase system at 80 % tetrah ydrofuran.

Th e retention of th e opiates using mobile phases with from 90 to ca. 50 %water
may be ascribed to an ion-exchange effect, while the retention mechanism when using
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mobile phases containing from ca. 50 down to I %water seems more complex, prob
ably being a mixture of several mechan isms.

The influence of the pH of the mobile phase on the retention of the opiat es in
the cation-exchange system was investigated in the pH range 4-6 (Table 1). As ex
pected , an increase in retention is seen with increasing pH du e to the increase in
ionization of the silica gel.

TA BLE I

k ' VALUES FOR O PIATES OBTAI N ED O N SILICA

Eluent : meth an ol -0.05 M dieth ylamine buffer (15:85); the pH of the buffer was adjus ted with acet ic ac id .
O piates : NM normorphine; M = morphine; C = cod eine ; T = thebaine; N = no scapine; P =
papa verine.

pH

4.0
5.0
5.5
6.0

k '

N M M C T N P

0.0 0.2 0.6 1.0 1.6 1.8
0.1 0.4 0.7 1.4 2.3 2.4
0.2 0.8 1.3 2.1 3.2 3.3
0.4 1.6 1.9 3.2 4.5 4.6

Increasing the polarity of the amine resulted in increased k ' values (Tabl e II)
probably due to the decreased affi nity (increased solvation) of the more polar am
monium ions for the ion-exchange sites on the silica. The competition between the
amines and the opium alkaloids for the ion-exchange sites is therefore in favour of the
alkaloids . The pH values given in Table II were mea sured in the eluent containing
meth anol. Besides the increase in retentio n, the mo st polar amines gave rise to some
peak asymme try.

TA BLE II

Ii VA LUES FO R O PIATES O BT AINE D O N SILICA IN TH E PR ESENC E OF DIf'FER EN T
A MINES

Eluent : wa ter cont ain ing 15 ''\. methan ol. 0.088 114 aceti c acid a nd 0.05 /14 amine; the pH va lue is given in
brackets.

A II/ i /l£'

Tr iethylamine (5.2)
D ibutylami ne (5.2)
Diisoprop ylamine (5. 1)
Die thylamine (5.1)
/I-Butylamine (5.2)
Isopr op ylamine (5.1)
Dicth an olamine (5.0)
Etha no lamine (5.0)

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

k'

N M M C T N P

0 0.4 0.7 1.2 l.7 l.7
0.1 0.6 0.9 1.3 1.8 1.8
0.1 0.6 0.9 1.3 2.0 2.0
0.1 0.6 1.2 1.8 2.4 2.3
0.2 0.8 l.7 2.2 3.2 3.1
0.2 0.9 1.8 2.7 3.6 3.6
0.2 0.9 2.0 2.9 4.3 4.3
0.4 1.2 2.6 3.7 5.3 5.3



232 NOTES

When another acid was substituted for acetic acid (Table III), it was seen that
stronger acids gave smaller k' values . This is probably due to the change in pH since
the adsorption of cations to silica decreases with decreasing pH .

TABLE III

k' VAL UES FOR OPIATES OBTAINED ON SILICA IN THE PRESEN CE OF DIFFERENT ACIDS

Eluent : wat er containing IS % methanol , 0.088 M acid and 0.05 ,'11 diethyl amine; the pH value is given in
brackets.

Acid

Perchloric (1.0)
Meth anesulphonic (1.2)
Formic (3.6)
Acetic (5.1)
Propionic (5.5)

k'

N M

o
o
o
0.1
0.2

M

0.2
0.4
0.4
0.6
0.7

c

0.7
0.8
1.0
1.2
1.4

T N P

1.0 1.3 1.5
1.2 1.7 1.9
1.5 2.0 2.2
1.8 2.4 2.3
2.1 3.1 2.7

A change in the nature of the organic solvent in the mobile phase led to
decreased k ' values with decreasing polarity (Table IV). Thi s behaviour is similar to
that ob served in other ion-exchange experiments'f!", but the changes in k' values
ongoing from isopropanol to acetonitrile to tetrahydrofuran were very small on the
silica . A change in selectivity was seen when using tctrahydrofuran.

TABLE IV

k' VAL UES FOR OPIATES OBTAINED ON SILICA IN THE PR ESENC E OF DIFFERENT
ORGANIC SOLVENTS

Eluent : wa ter containing 10% organ ic so lvent, 0.088 114 glacial acet ic acid and 0.05 M diethylam ine.
--_._- _. ~------_._._ - - -- -_._-_..__..

Solvent k '

N M 114 C T N P
.__._ - -- - --- ______ 0 ' •__ • • •

Methanol 0.2 0.9 2.0 3.2 5.3 5.2
Isopropanol 0.2 0.7 1.4 1.9 2.7 2.8
Acetonitrile 0.2 0.7 1.3 1.9 2.7 2.8
Tetrahydrofuran 0.1 0.6 0.9 1.7 2.1 2.5

-- - .'._--_..._-----_._-- --_.

The overall conclusion is that it is possible to separate the opium alkaloids in
the straight-phase partition as well as in the ion-exchange mode on unmodified silica.
The ion -exchange system behaves very much like a reversed-phase system and has the
same advantages. This gives the analyst more possibilities for selection of the ap 
propriate chromatographic system without changing the column.
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pocholesteremic agents from fermentation broths
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(Received Apri l 6th, 1981)

Substances which reduce cho lesterol syn thesis in humans are of great interest
because of the possible connection between high blood cho lesterol and at heroscle
rosis t. 2. The fermen ta tion metabolites of Aspergillus terreus, mevinolin (1)3 and di
hydrom evinolin (lit, inhibit cholesterol biosy nthesis a t the level of the micro somal
enzyme 3-hydroxy-3-methylglutaryl-coenzyme A reductase (H MG -CoA reductase).
Th e analysis of these hypocholesteremic agents in fermentation broths by high-per
formance liquid chromatography (HPLC) is of great interest.

The determination of low concentrations of me vino lin in broth extracts by
HPLC is conveniently carried out using ultraviolet (UV) det ection at 237 nm . How
ever, dihydromevinolin lack s the diene chrornophore and has no appreciable ab sorp
tion at thi s wave length. An add itional problem is that mevinolin and dihydromevi
nol in exist in the lactone and free ac id form s which makes the chromatographic
sepa ra tion of a ll four subs ta nces from impurities difficult.

The format ion of benzoate esters for U V detection in HPLC has been reported
for hydroxylated compounds such as hydroxy steroids v" and carbohydrates". In thi s
paper we report a method for the H PL C ana lysis ofmevinolin and dihydromevino lin
by the efficient forma tion of the 4-nitrobenzoa te deri vat ive. T he met hod we employ
yields the reaction products in the lactone form which reduces chromatographic
difficu lties. The derivati ves can be readily separated from the reagents and broth
impurities by reversed-phase HPLC with detection limits in the ng ra nge . Th e method
as presented in th is paper demonstrates a simple derivatization procedure for fermen
tation broth extracts with minimal sample preparation before HPLC analysis.

R R

I
I I
III
IV

Mevinol in R = C HJ • .15 ... "

Dih yd romcvinol in R = C HJ

Co m pact in R = H. li S''' '
Dih ydr ocompact in R = H

0021-9673j81jOOOO-{)OOOjS02.50 © 1981 Elsevier Scient ific Publ ishin g Compa ny
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The utility of forming 4-nitrobenzoate derivatives is not limited to the quanti
tati ve analysis of known hydroxylated compounds. This method can also be em 
ployed for observing hydroxylated compounds which cannot be readily detected
because of the lack of a significant UV chromophore. When the procedure was
applied to the fermentation broth of Penicillium citrinum which produces compactin
(III)l O.ll, the pre viously und etected compound dih ydrocompactin (IV) was discov
ered 12

.

EXPER IM ENTA L

Reagents
4-Nit robenzoylchloride (practical grade, Eastman, Rochester, NY, U.S.A.)

was recrystallized from hexancs (b.p. 65.8"-68.8"C; Fisher, Pittsburgh, PA, U.S.A .).
4-Dimcthylaminopyridine was obtained from Aldrich (Milwaukee, WI , U.S.A.) . All
solvents for extraction and dcrivati zation were ACS certified (F isher). The HPLC
solvents were all HPLC Grade (Fisher).

Ins/ rutncntation
Fo r HPLC analyses the following system was employed : a Micromeritics

Model 725 autoinjector with a 6-,u1 injecti on loop, a Spectra-Physics SP 4100 Com
puting Inte grator, a Laboratory Dat a Control Spectromonitor III detector set at 260
nrn, a DuPont Zorbax C Il column thcrmostatted at 60 'C and a Spectra-Physics 740B
pump set a 2.0 ml /min for the so lvent system : acetonitrile-methanol-water (69:2 :29).

Extract ion and derivatization
Fermentation broth (2 ml), adjusted to pH 4.0 with HCl, was extracted with an

equal volume of ethyl acetate. A l-ml volume of the ethyl acetate was separated and
evapora ted to dr yness under a stream of nitrogen . The sample was red issolved in I ml
of methylene chloride and reacted with 50111 of a 500 mg /rnl solution of 4-nitroben
zoy lchloride and 100 111 of a 200 mg /rnl solution of 4-d imethylaminopyridine in the
same solvent. Aft er 5 min at room temperature, 100 ,ul of methanol were added
follo wed by the addition of I ml of 0.75 M ammonium phosphate, pH 3.0. Aft er
mixing, the sample was then centrifuged a t 1200 g for 30 sec and th e lower meth
ylene chloride phase was placed in an autoinjector via l. A 6-,u1 volume of sample was
injected into the HPLC system. Injection of larger volumes caused peak splitting in
the chromatography, apparently du e to the incompatibility of the methylene chloride
with th e HPLC solvent system.

Preparation of standards
Standards were prepared by dissolving a known qu antity of mevinolin and

dihydromevinolin in methylene chloride. A I-ml volume of the standard solution was
nitrobenzoylatcd as described above for the fermentation extracts .

RE SU LTS AN D DIS CUSSI ON

Fig. I illustrates the chromatographic separation of the 4-nitrobenzoate de
rivati ve of mevinolin and dih ydromevinol in for a standard and a fermentation broth
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Fig. I. Typica l chro matog ra ms of a standa rd (left) a nd a ferme nta tio n broth extr ac t (right). A = Mevi
nolin ; B = dihy dro mevinolin . The con centrations of th e injected so lutions arc : A = 298 jig /ml , B = 268
jig /ml (left); A = 823 jig/ m l, B = 62 ji g/ml (r igh t).

extract. T he capacity facto rs (k ' ) are 9.0 and 12.4 for me vinolin and dih ydromevi
nol in nit robenzoatcs, respectiv ely. As shown in the figure most o f the im purities.
inclu di ng excess reagents, side products, etc., elute very close to tim e = O. Ana lysis
tim e for each sam ple is less than 20 min and resolution of the mevin olin and dihydro
mevinolin pitro benzoa tes is sa tisfactory for qu antitat ive ana lyses by pea k height
measurements.

Derivatization of the acid forms of mevinolin and dihydromevinolin yielded
the lact on ized 4-nitrobenzoat e forms of these co mpo unds . The mechan ism of th is
lact on ization react ion is most likely to occur via the mixed anhydride. Th e concom
ita nt lact oni zati on is ad vantageous, when assaying fermentat ion broths which can
co nta in both the acid and lactone forms of mevinolin and dih ydr omevinolin , becau se
the quantita tion and separ ation of two compone nts fro m a complex mixture is more
precise th an four compo nents . In add ition, the analysis can be ca rried out isocrati
ca lly in a reasonable time whereas the sepa ratio n of fou r components co uld req uire a
gradient analysi s an d increased time.

Linearity and precision
The ca librat ion curves for the derivatives of mevinolin and dihydromevinol in

arc linear within the con centra tion range of 0-4 mg/rnl and have zero intercepts.
Th e preci sion of th e benzoylation procedure was determined by repeatedly

assaying a sing le ferme nta tion br oth ext ract. The relati ve sta nda rd deviati on for
mevinol in is 2.2 ;'>an d for dihyd romevinolin is 2.7 1.,.

Stability of the deri vatized products
For this fam ily of compo unds, the hydroxyl group is located fJ to the lactone

car bonyl and ideally poised for eliminat ion when derivati zed. Fo r mevin olin, the
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eliminati on of th e 4-nitrobenzoat e gro up is quite rapid in the reaction so lu tion at
room temperature (94 '10in 5.5 h) . Extensive studies were performed to determine the
best method fo r stabilizing th e deri vat ization products. Interestingly, dihydrom evi
nolin was more sta ble with only a 10 X, loss in 5.5 h. The additional Ll 5

,4" double bon d
in mevinolin wh ich flatt en s th e deea lin system . possibly interacts with the tran sition
state to facilit ate the Ii elim ination . Vari ou s other acylating agents were expl ored; i.e.,
4-fluoro- and 4-brom obenzoyl chl oride and benzoyl chloride. The products were more
stable (a 17 'I:' loss of the bro mo benzoa te group in 7 h for mevinolin) but th e reaction
times were slower. For the 4-fluoro- an d 4-bromobenzoylchloride, the reaction times
at room temperature were approxi mately 20 min and for benzoyl chloride much
greater th an 20 min . Th e most sa tis fac tory meth od to prevent {3 elimination inv olved
the addition of meth anol after the desired reaction was com plete , follo wed by extrac
tio n with pH 3.0 ammonium phospha te buffer. The 4-nit ro benzoa te deri vati ves were
sta ble for days a t room tempera ture in th e methylen e chloride so lution. Buffer extrac
tion a lso rem oved other ma terials which res ulted in im proved chromatograms .

Disco very (~l dihydrocompactill
When the pro cedure was applied to th e ferm ent a t ion broth of P. citn num,

which prod uces compacti n (II I). a new peak was o bserved . A co m pa riso n of th e
rela tive retention times of mevi no lin and dihydromevinol in as co mpared with co m
pac tin and th is unknown peak sugges ted that th e unknown peak was dihydro com
pactin (IV). Isolat ion and str uctu re determ ination of the m at er ial co rresponding to
this deri vat ized co m po und indeed pr oved th is identification to be co rrect" .

CONCL USION

The formation of 4-nit robenzo at e derivatives of the HMG-CoA reductase in
hibitors in th e mevinolin family has been demonstrated as a practical method for
sensitive HPLC analysis . The co mpo unds of interest can be derivatized in a ferm en
tation broth extract in a short time, at room temperature. Separation of th e co mplex
mixture can be achieved isoe ra tica lly on a microparticulate C, column. Compounds
previously with only low UV absorpt ion can now be quantitatively obser ved at 260
nm with detection limits in th e ng range.

Th ere ar e numer ou s practica l applica tions of this method. As demonstrat ed by
the disco ver y of dih yd rocom pactin , co mpounds which were previou sly undetected
can now be observed . T he meth od ca n also be applied to analyses for fermentati on
development st udies and dru g metabol ism studies . The 4-ni tro benzoylchloride de
rivat izati on techniqu e sho uld be a pplica ble to m an y organic extracta ble hydroxylated
co m po unds whic h occur in fermen tation br oths.
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High-performance liquid chromatography (HPLC) of steroids ha s recently
been reviewed 1 , Systematic stud ies of the behavior of natural estrogens in HPLC
which have appeared since then inc lude two on eq uine estrogcns' :", and one on
catec ho l estrogens". In connection with o ur studies on steroid met ab olism in
plants":", we ha ve also develop ed a chro matogra phic meth od for the sepa ratio n of
free natura lly occ urring estroge ns. By combining both adsorption and reversed-phase
parti tio n HPLC, the identifi cat ion of most of the metabolites of int erest to us has
becom e possib le". Th e present study dea ls with 24 estrogens,

EXPE RIM ENTA L*

T he HPLC appara tus was assembled fro m commercially avai lable co mp o
nent s, The adsorption co lumn was a 250 x 4.6 mm I.D . stai nless-stee l chroma to 
graphy tube (Altex, Berkeley, CA, U.S.A,), packed with Zo rba x BP-SIL (7-8 ,um;
DuPon t. Wilmington. D E. U.S.A.). The reversed -ph ase co lumn had the same dim en
sions. but it was packed with Zo rbax BP-ODS (7- 8 11m, DuPon t). Th e co lumns were
pac ked in our la boratory. Th e packing method. de tecto r, reco rder, solvents7

, pump
and sam ple injection valve" were as pre viou sly described. The chro matographic con
ditions are given in the figure legend s.

RES U LTS A ND DISCUSSION

Our results are summarized in Table I. Being phenolic stero ids, the estrogens
were detected at 280 nm ncar their ; 'm"x' The 24 estrogens in Tabl e I were arrang ed in
orde r of increasi ng polarity in ad sorption chromatography and were divided into
fou r gro ups: mon ools, diols, tr iols and tet ra ols, Th e number and locations of hydrox
yl gro ups in estrogens pla y the most important ro le in their separa tio n by HP LC
Additio n of a keto group or double bo nd to an estrogen molecule do es not increase

* Reference to a co mpany and /or product nam ed by th e Department is only for purp oses of info r
mation and does no t im ply ap pr oval o r recommenda tion of the prod uct to the exclusion of others which
may also be suita ble.

0021-9673/g I/0000 -0000/$02.50 i..~~ 199 I Elsevier Scientifi c Publishing Co mpa ny
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TA BLE J

RETENTI ON TI MES O F ESTROG ENS

Conditions: I : see Fig. 1; 2: see Fig. 3; 3: see Fig. 4; 4: see Fig. 2.

NOTES

the polarity in adsorption chrom at ography as mu ch as in reversed-phase partition
chroma tography. On the other han d, epimeric estrogens are genera lly bett er resolved
in adsorpti on tha n in reversed-phase systems. Th e fact that the elution sequence of
estro gens in reversed-phase partition chromatog ra phy is not exactly the reverse of
that in adso rption chromatograph y make s the two HPLC systems complement each
other even more.

For adso rption chromat ography of the more polar estrogens, n-hexane- eth
anol (9 :1) was used as the eluent (Fig. I). This system resolved three of the four
epimeric estriols: 16-epie striol , estriol and 16,17-epiestri ol. However, it did not sepa
rate 16-epiest riol fro m 17-ep iestri o l. Thi s pair was resolved by reverse d-phase par
tition chro matography with aceto nitrile-water (35:65) as eluent (Ta ble 1), but the
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Fig. I. Adsorpt ion chro ma to gra m o f the more polar estrogen s, Between 1.5 lig (est rad io l) and 10 JIg (6 ct
hydro xycst rio l) of estrogens. d isso lved in abO UI 50 Iii of the eluen t, were chro murogru phcd o n a col umn of
Zo rbax I3I'-SIL. 250 x 4.0 IlIIl1 I.D. Eluent. II-hexan ecthanol (9 :1) ; flow -rate. 2 ml /min ; pressur e. 200
p.s.i. Dctcctor at 2XO nrn : range. (l.OS ; time co nsta nt. 1.0. Record er speed, 12 cm/h; span. 10 rnV.

othe r cpimcrs co uld not be separa ted th is wa y. On the ot her hand. the position
isomers. estriol and 6:<-hydroxyestrad io l. wh ich cou ld not be separated by adsorption
chro matogra phy. wer e resolved by reversed -p hase part ition chro matography (Fig. 2).
16-Epie stri ol. 17-epicstr io l and 2-hyd ro xyestrio l are less polar than the o the r trio ls in
Table I. Apparently. vicina l hyd roxyl groups ca n form hyd rogen bo nds when the y
ha ve th e sa me orientat ion. and thi s makes the molecule less polar.

Fo r ads orpt ion chroma tography of the less pola r estrogens n-h exan c- ethan ol
(97:3) was used . T his eluent sepa ra ted monoo ls and d io ls very well (Fig. 3), However.
thi s system was inca pable of sepa ra t ing estrone from 6-deh yd roestrone and 17:1.-
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Fig. 2. Reversed-ph ase part it ion chroma togram of the morc polar estrogens . Between I I'g (6Cl-hydroxy
estriol) and 5 1lg ( 16Cl-hyd roxyestro ne) of estr ogens, d isso lved in a hout 501'1 of the eluent. 'Acre ch rom a
to graphed on a co lumn of Zorbax BP-O DS, 250 x 4.6 mm I.D . Eluent. aceton itrile- water (25: 75); pres
sure, 700 p.s.i . Other condi tions as in Fig. I.

d ihydroequ ilin from 3, 16a-e st rad iol. Th ese two pa irs of estrogens co uld be sepa ra ted
by reversed-phase part ition chromat ography with aceto nitrile-water ( ~5 :6 5) as the
eluent (Ta ble I). O n the other hand , th is reversed-phase partition system did not
separa te the fo llow ing three pairs of estrogens : equilenin fro m est rud iol-l ?a, 6-de
hydroest radiol fro m 17a-d ihydroequ ilin and 16a-h ydroxyest ron e fro m 6-ketoes
tradi ol , whereas these three pairs could be reso lved by the ads orpt ion system (Fig. 3).

G enera lly. reversed-phase part ition ch romatography was superi or to ad sorp-
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Fig. 3. Adsorptio n chroma togram of the less po lar est rogens . Co ndit ions as in Fig. I. except between I pg
(17-deoxoest ron e) and 10 pg ( IoCl-hydroxyestro m:) of estrogens and an eluent of II-hexane-etha nol (97:3)
wen: used .

tion chro ma togra phy in the sepa ra tio n of est rogens differing fro m eac h other by a
double bo nd . e.g .. estro ne and eq uilin (or 6-dehydroestro ne ) (Fi g. 4) . As for th e
rela tive polarity of th e hydroxyl groups at C- 16 a nd C-1 7. pr eviou sly published gener
a liza tions? seem to hold. Est ra d io l- I7/1 was found to be more polar than estradiol
17Cl a nd 3. 16Cl-estra d io l was more pol a r th an es t ra d iol- I7/1. Since 16,17-epiestriol is
more polar than estriol. we predict th at 3, 16/1-estradiol will be fo und to be more pol ar
tha n 3. 16e<-es tradio l. T hus . th e po la rity of hydroxyl groups a t C- 16 a nd C-1 7 in
creases in the order : 17::.: < 17/1 < 160: < 16/1. 6-Ke toestradio l is mo re po lar than 16
kciocstradiol in adsorption chromatography . but less po lar in reversed-phase par
tiiio n chroma togra phy .
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Fig. 4. Re versed-phase pa rti tion chro matogra m or th e les s polar est rogens . Between I I lg (estri ol) a nd ~ JIg
(est rone) of es t ro gens. di sso lved in abou t SOIt! o r m ethanol. we re ch ronuuogruphcd on a co lum n o r Zorbax
BP-00S. 250 x 4 .0 mm 1.0. Eluen t. accioniuil c wa ter (~ 5 :65); pressure. 700 p.s .i. O th er co nd ition s as in
Fig . I.
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Liquid chromatography with UV absorbance and polarographic detec
tion of ethylenethiourea and related sulfur compounds

Application to rat urine analysis
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Dcparnncnt ofA nalvtica! Chcmist rv. Frc« Uni vcrsit v otA mstcrdant, De /JoC/C/OWI IIJX3. AlIIs /er e/1I1II l Ol l
( The Ncthcrlunds)

(Received April I.'t h, 19XI)

Ethylenethiourea (ETU) is a major degradation product of ethylenebisdi 
thi ocarbamate fungicid es that has been shown to be tera togeni c in th e rat ' . Several
ur ina ry mctubol itcs of ET l! have been tent ati vely ident ified in th e ra t by thin-l ayer
ch romatography with radi o scunning". One of the met abolites. iden tified in thi s
m anner was the 4- imidazolone. which may be formed fr om ethyleneurea , the oxygen
a na logue of ETl! via s ulfur repl acem ent. T he occ urre nce o f th e irn idazol onc suggests
that its su lfur-con tai ni ng analogue. thi oimidazole, might al so be fo rmed , The
ih io hyda m o in was also included in thi s st udy since it has been reported ] that th e
an al ogous N-methyl compound is a metabolite ofmeth im azole, an ant i-thyroid com
pound structurall y related to ET l! . Hi gh -performance liquid ch romatography
(HPlC) ha s much pot enti al for the analysis o f tr aces o f o rga n ic compound s pre sent
in biological fluid s and tissu es. T his report illu strates th e use of HPlC for th e sepa
ration and detect ion of ET U and related sulfur -conta in ing compound s and appl i
cati on of the technique to th e co nfirm a tio n o f the meta bolite, ihioimid azolc. in th e
ur ine' o f rat s Icd ET l! .

EX PER I M EN TA L

Reagents
Table I shows the structures of th e com pounds stud ied . ETl!. methimazole an d

ih iohydnnroin we re o bta ined from A ldrich (Mont rea l, C a nad a ). The thiorn idazolc
a nd N- ml' t hyl ETl! were o bta ined as girts. Sto c k so lu t io ns o f these were prepared a t
1.0 m g/ml in methanol and were used di rectly for spiki ng purposes and recovery
studies. The same solutions were diluted as required with liquid chromatography
m o bile phase for usc as chromatographic sta nd a rd s. All orga n ic so lvents were dis
til led-in- gla ss grade mat eri a ls. Di stilled de ionized wate r was used through out.

00 2 1-967.' /X1/0000- 0000/ $02.50 r.!'! 19XI Elsevier Scien tific Publ ish in g C om pa ny
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TA BLE I

ST RU CTU RES OF T HE CO M POUN DS STUDI ED

NOT ES

Compo und

ET U

N-Mcthyl ETU

Meth ima zole

Th ioimid azole

Thi oh ydantoin

S tructure

J-f igh-perforn ian ce liquid chronuuographv
Two different chromatogr aph ic systems were employed for th e ana lyses . No r

mal-phase chromatog ra phy was carried out with a Waters Model 6000A so lvent
deli very pump, a Va leo loop inje ct or (25-/11 loop) a nd a LiChrosorb Si 60 (10 pm )
column (25 em x 3.2 mm J.D.) . The mobile phase was 15 0

0 etha no l + 0.5 0

0 NH40H

in hexane at a flo w-rat e o f 1.0 ml /min . Detecti on wa s carried o ut with a Sc hocfl cl
Model 770 variable-wavelength detector a t 254 or 264 nm. T he absorbance range was
set to 0.01 absorbance un its full sca le. Reversed-phase chro mato gra phy was ca rried
out with a Waters Model 6000A pump. a Valc o loop injector (100-/11 loop) a nd a
Supclco LC-18 (5 jim ) column (25 em x 4.6 mm 1.0.). The design of th e dropping
mercury elect ro de (0 ME) polarogra ph ic detector ha s been dc scri bed elsewhere". Th e
mobile phase cons isted of 0. 1 M K NO .1 adjust ed to pH 3. The detecti on mode chosen
wa s sam pled current pol ar ography at E = + 200 m V.

Sample preparation
U rine was o bta ined from male rat s given a n ora l dose of 5.0 rug/k g ETU 2

. Fo r
normal-phase ch romat ography with UV detection. I ml of the urine wa s addcd to a
15-ml scr ew-ca pped culture tube. Fol lowing thi s about 250 mg of so lid NaCI and 5.0
ml of ethyl acetate were added. Th e mixture was sha ken vigoro usly for ClI . 30 sec:
then th e tube wa s centrifuged a t 1000 g to aid separa t io n of the phases. A 25-jil
a liq uo t o f the organic layer was injecte d int o the HPLC system for a na lysis.

Less sam p le preparation wa s required fo r rev ersed-phase chromatograph y
with polarographic detecti on due to the detect or se lect i\ ity. A I-ml vo lume of urine
wa s pa ssed through a OA5-jim Milliporc filter and 100 p i of the filtra te injected
directly into the HPLC system for ana lysis.
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Clirotnutogruphv and dc l c«! ion

Fig. I shows the normal-phase separati on of the compounds studied . Meth
imazole. besides being of interest in the ETU studies. is of some clinical importance
since it has therapeutic applications and is the active metabolite of carbimazole. An
HPLC method for methimazole in plasma has been reported earlier"; however the
system described was not suitable for the compounds included herein in samples of
rat urine .

Table II lists the detection limits by UV absorbance and polarographic detec
tion and response ratios (254/264 nm) for the sulfur compounds studied. The response
ratios were of some help in identifying the compounds in urine. Fig. 2 illustrates the
different responses obtained at 264 nm for the same standard solution that was
analysed in Fig. I.

0002 AU

MI ME ETU
r t

I \ I i i i
o 4 8 12 16 20

TIME Iminl

Fig . I. Norma l-pha se chrom at ogram or ETU and rela ted compound s. MI = meth ima zole (20 ng), ME =
N-met hy l ET U (5 rig). TI = thio imidazolc (lOng), ET U = cthylen cthiourca (20 ng), TH = th ioh ydanto in
(30 ng). Chromatography co ndi t ions as de scr ibed in the text. Detection at 254 nm .

TABLE II

DETECTION LIMITS A N D uv ABSORBANCE R ESP ON S E RATIOS

Compound Detect ion limit (11); i* Response ratio
254/264 1/111

ET l!
N-Mcthyl ETU
Mcthimazolc
Thioimidazolc
Thiohydant oin

2541/1/1

2
I
0.5
I
4

Polarographv

- **
2
5

15

25
2.1

16
2. 1
1.4

* At signa l-to-no ise rati o o r 3 : I.
** Not determined .
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Fig. 2. No rma l-p hase chro matogra m of ET U and rela ted compounds. Cond itions as in Fig. I excep t tha t
de tection was made at 264 nm.

The polarographic detector wa s found to be more selective than UV absor
bance although detection limits for the com po unds stud ied were similar. being 1-1 5 ng
(Table II). TIlL' detecti on mechani sm is based on a complcxauon between I he thi ourea
and th e mercury surface according to the reaction

HgO + 2 TL -> Hg ( T U)~ + + :2 c

wh ere T U = thi ourea. No such reaction occurs for th e ox ygen ana log ues. Opt im um
resp onse was o bta ine d un der ac id ic co ndi tions . Half-wa ve potent ial s were typicall y in
th e ran ge o f + 50 to + 250 m Y. The ad vantage of o pe ra ti ng in th e posit ive vo lta ge
range redu ces oxygen a nd trace met al inte rferences thus affo rd ing co nsider a ble sclcc
tiv it y fo r the th iou rea co mpounds .

Urine analysis
The reco veri es of all o f th e thi ourea compounds from rat urine spiked in th e

range o f 1-15 .ugjml urine were grea ter th an 90 "'0 with the ethyl acetate extra c tion
em ployed for normal-phase chrom atogra phy.

Fig. 3 co m pares UV absorption result s (254 and 264 nm) o fa 24- h pooled urine
sam ple obtained from ET U-trea ted rat s, compared to a control urine . The ET U is
clearly eviden t. Also present is a peak corresponding to thioimidaz ole and one nca r
where the thiohydantoin would be expected to elute. The response ratios (254 /264
nm) correlate w~1I with ETU and thioimidazolc but not fo r the peak (indicated by an
arrow) in the region of the thiohydantoin. Since a peak appears in the control urine in
that sa m e region further doubt is placed on any suggesti on that the thiohydantoin is
present in the tr eated rat urine.

Fig. 4 shows a rever sed -phase chromatogram with polarograph ic det ecti o n o f
sim ila r ly tr eated urine sa m ples . A peak corresp onding to the thi oimidazole confirms
the find ings o f th e normal-phase system. No thi ohyd anto in was detected by pol arog
raphy in th e treated sa m ples.

It is inte resting to note that in both HPLC sys tems. th e thi oimidazole elutes
befo re ET U. It was fou nd th at depen d ing o n pH of th e mobile ph ase th e o rder o f
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TI ETU

® TI
ETU

I I i I I i 1 I I 1
0 8 12 16 20 0 8 '2 16 20

TIME (min) TIME (mini
25 4 nm 26 4 nm

Fig. 3. Compari son of 254 and 264 nm fo r the ana lysis o f ET U and metabolites in ra t ur ine. A = Urine
from treat ed rat s, B = co nt ro l ur ine. T he a rrow indica tes the retenti on time o f sta ndar d th ioh ydantoin
(Ti l) . Cond itions as descr ibed in th e text.

elution would reverse. The thiohydantoin was also significantly affected by mobile
phase pH . These effect s appear to be due to the combination of hydrophobicity and
base strength of the compo unds.

ETU

+200 m V.

i
15

I
5

r
o

I
10

TIM E ( min)

l-ig. 4. Reversed-phase ch ro ma togram with polarographic det ection of rat ur ine sample. c' =

Conditions as descr ibed in the te xt.



250

CONCLUSION

NOTES

Both normal-phase and reversed-phase HPLC ha s been found to be useful for
th e separation of ET U and related thiourea compounds. Both U V ab sorbance and
pol arographic det ection are suita ble for applica tion to urine determ inat ions. Becau se
of the selecti vity of the OM E it is particularly suited to confirmation as well as rapid
ana lysis with little or no sam ple preparat ion. The co nfirma tio n of thioimidazolc as an
ETU urinary metabol ite ena bles the further understanding of its metabolic route in
rat s and other mammalian systems .
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CONFERENCE AND EXHIBITION REPORT

THE 32nd PITISBURGH CONFERENCE ON ANALYTI CAL CHEMISTR Y AND APPLI ED
SPECTROSCOPY

Th e 32nd Pittsburgh Conference on Analyt ical Chemistry and Ap plied Spectr oscopy was held
this year from March 9-13 , in Atlantic City, NJ , U.S.A. Th e Conference is organized annually by
the Society for Analytical Chemistry and the Spectroscopic Society of Pittsburgh . At th e 32nd Pitts
burgh Conference, 917 pap ers were presented in 10 3 sessions, compared to the 835 papers presented
last year. Not onl y the number of papers presented at th e co nference is growing, but also the exhibi
tion of modern laboratory equipment associated with the conference requires more space every year .

The continued growth of the Pittsburgh Con ference in importance as a meeting place for analyt
ical chem ists and spectroscopists fro m all over the world , and as a showplace for new scientific equip
ment means that every year more conference ro om s and exhibition space are required. Fo r this reason ,
the organ izing committees have twice moved the conference to mor e spacious conference and exhibi
tion centres. The rust move was mad e in 1968 fro m the 'b irthplace' of th e confe rence, Pittsburgh ,
PA, to Cleveland, OH. In th e lat e '70 's, a second move was necessary , and so in 1980 , th e Pittsburgh
Conference was held for th e first tim e in the spacious but ra ther old co nvention hall in Atlantic City ,
NJ. In 1980 this hall offered more space and more conference rooms than was required by the organ
izing committees. However , thi s year there was nearly a shortage of confe rence roo ms; th e tradi tional
film festival of th e conference had to be moved to a room improvised on the stage in th e enor mous
hall; the ro oms for mass spectr ometry and infrared spectroscopy sessions were too small fo r the
purpose, and participants had to list en to the presentation of pape rs while standing.

Nearly all available exhibition space was used by the 49 9 ex hibiti ng manufacturers. The number
of exhibitors rose from 1980 by 14.7 %. The num ber of part icipan't s rose abo ve the 17,000 mark,
and some had trouble in finding suitable hotel accommodations and transport facilit ies.

The exhibition was open on the first fo ur con ference days and on Fri day morning th e huge hall
was a turmoil of fork lift tru cks, pick-ups and a vast number of wooden crates, in cont rast to th e
1980 situation when the exhibition closed at noon on Friday.

As usual , the Perkin-Elmer Cor porat ion from Norwalk, CT, had th e largest booth this year , occupying
35 standar d booth areas at th e ex hibition. Th e Leco Corporati on , whic h specializes in instrum ents for
the determination of sulphur, carbon, ni trogen and oxygen in a variety of matrices, disp layed th eir
products on 20 standard bo oth areas ; Bausch&Lomb/ARL had 19, Varian Associates 15, and Hewlett
Packard had a crowded 12-booth area .

In the chromatogra phic field in general th ere were few novel developments intro duced . The most
important in gas c1'Iromatography (GO was th e SP-7100 series of chro matograp hs freshl y develop ed
by Delta Electronics and pro du ced by Spectra-Physics's Autolab Division in San Jose, CA, U.S.A. Th e
SP-7100 is microp rocessor based and available in various stages of sophistication. Th e central contro l
and data processing unit is equipped with a prin ter/plotter unit and a video tub e display for easy
programming and methods de velo pment. The memory can sto re up to 10 met hod s. Th e SP-7100 has a



dedicat ed keyboard ; th e operator does not need an y typin g skill. Th e central unit can be coupled with
a number of oven units. Th e SP-7100 system offers a spacious standard oven unit, prepared for several
type s o f GC work. The central uni t can also be coupled with un its from other manufactures. Th e
syste m comes with FID and TCD de tectors ; and others will becom e available, soon , according to the
pro mises made at the conference by Spectra-Physics.

Varian's Aero graph Division showed the relat ively new VISTA-series of chromatographic equip
ment and introduced the new GC Models 6000 and 6500. The Varian Model 6000 can be coupled
to the VISTA 401 data syste m, bu t th e 6000 is in fact an independ ent microprocessor-based instru
ment. The hardware looks very much like that of the 5000-series HPLC instr uments. The 6000 is
equipped with a video tube for easy programming and offers easy ded icated keyboard operat ion
with th e analytica l possibilities of th e well-known 3700-series. Th e Varian 6000 can also be coupled
to a simple sate llite gas chromatograp h, the new Model 6500; the microp rocessor elec tro nics of the
6000 can handle th e con trol and data processing for both analytical un its.

Packard-Becker , th e GC division of IJnit ed Technologies, int rodu ced th eir new models 437 and
43 8. These new microprocessor -controlled chromatographs complete th e Packard program on the low
cos t side. Th e Model 437 offers a dual -column oven and ded icated keyb oard opera tion. Thi s instrument
is aim ed at th e fields of routine analysis for quali ty control and of analytical education. The more
ex pensive Model 4 38 has th e same typ e of keyboard opera tion but offers th e well-known principle
of th e analytical modules, fast and easy replacement of columns and detector s, built in one unit. The
438 can be programmed and used for multidimensional GC with th e Packard MDSS modul e

Perkin-Elmer show ed the SIGMA 115 syste m, an extension of th e SIGMA series, especially in
regard to data pro cessing and methods programming.

HNU Systems, Inc., offered a new version of the photoionization det ector. Thi s new version is
said to be more suitable fo r high temperature work.

Tracor Instruments display ed a photoionization detector , Model 703, and a modular det ect or ,
Model 700 A HECD, specific for either halo gen-, nitrogen-, sulphur- or nitrosamine-containing com
pounds. In the field of high-performance liquid chromato graphy (HPLC) Du Pont showed the 8800
syste m with extended multigradient eluti on possibilities, based on the three-pumping heads syst em
introduced last year .

Th e Japanese manufacturer, Jasco , displayed a new HPLC syste m, th e Fa milic-I OON, equipped
with a new two-head (TWINCLE) pump.

Beckm an 's Altex division showed a nearly complete ly inn ovat ed pro gram for HPLC, primaril y
the microprocessor-based control uni t , Mod el 421 ; a variable-wavelength dete ctor , Model 165 ; a
refractive-index detector, Model 156; and a fixe d-wavelength detector , Model 160 .

Micromeritic s exposed th e new automatic sampler Model 725 , and a number of smaller innovations
and cha nges in the sales program. Perkin-Elmer introduce d the new LC-85 UV- VIS detection and
contro l un it with double-beam optics and with an optional 2.6"'111flow cell. Th e older LC-75 Auto
contro l unit remains available from th e manufacturer.

Shimadzu also ex posed a double-beam UV dete ctor, Model SPD-2A . Waters Associates, expo sing
und er the Millipor e banner , sho wed a variable-wavelength detector , Model 441 ; Krat os , Inc ., exp osed
HPLC system components fro m th e Schoeffel division; new was a system for post-column reactions.

IBM Instruments, Inc., a new ex hibito r on th e Pittsburgh Conference, surprised everyone with an
extended program of scientific instruments, con sisting mainly of OEM versions of other manufac
turer 's products , painted in an off-white color. Hewlett-Packard's new HP 3390 integrator was one of
these products. IBM also showed an HPLC system , already shown on the Bruker-Franzen booth at
last year 's Interkama in Dtlsseldorf', G.F.R .

Spectra-Physics introduced the Model SP-8100 modular liquid chromatograph , which consists of
SP-8400 and SP-8700 components and completed with a new integrated auto sampler. The sample
info rmation is read into the system with a laser-based bar code reader.

Hewlett-Packard displa yed a Modell 084B liquid chromatograph coupled with the well-known
HP-85 personal computer for control and data handling purposes.

In the field of GC-MS syste ms, the most impor ta nt news was th e acquisition of Varian's MAT
group by the Finnigan Corp. Th e inst ruments from Bremen , G.F .R ., were displa yed in a joint Finni
gan-MAT booth.

A new syste m fo r mass spectro metry (MS) based on ion cyclotro n spect rom etry , was introdu ced
by the Nicolet Instrument Cor p. fro m Madison, WI, U.S.A. This FT- MS system has promising prop
erti es for GC-MS work .



The Pittsburgh Conference 1981 showed the continued trend towards the use of microprocessors
in all kinds of laboratory equipment. Many exhibitors displayed instruments already known which
had extended and updated software, offering new possibilities for analysis, data processing, and
combinations with other instruments. Most of the microprocessor-based systems are available in a
version programmable in BASIC by the user . New was the strong trend towards the use of rather
inexpensive personal computers, such as the HP-85, Apple II and PET for control and data processing
purposes. In chromatography there was much interest in the dedicated forms of chromato-
graphy, such as multidimensional work and 'hear t cutting', both in the fields of GC and HPLC.

Now that nearly all manufacturers have their own solutions for work with ternary and multi
solvent gradients, interests seem to be concentrated on special detection systems and column protec
tion devices.

During the 32nd Pittsburgh Conference, the Elsevier Scientific Publishing Company introduced a
new journal, TrAC (short for "Trends in Analytical Chemistry"). "TrAC" is an international magazine
which publishes short critical reviews and news on trends and developments in analytical chemistry.
The major aim of the magazine is to make the readers aware of techniques and possibilities outside
their field of specialization and to inform them of what can be achieved by these techniques. The
first issue contained a feature article on the career of Professor I.M. Kolthoff, who won the 1981
Analytical Chemistry Special Award, presented to him during a special session of this year's Pittsburgh
Conference.

Klaas H. Broers

ANNOUNCEMENTS OF MEETINGS

PITTSBURGH CONFERENCE AND EXPOSITION ON ANALYTICAL CHEMISTRY AND
APPLIED SPECTROSCOPY

The 33rd Pittsburgh Conference and Exposition on Analytical Chemistry and Applied Spectroscopy
will convene March 8-12, 1982, in Atlantic City, NJ, U.S.A. Atlantic City was chosen as the meeting
site for the 3rd consecutive year because of the very successful 1981 Conference and Exposition.

Preliminary announcement - call for papers

Symposia have been organized as described below: Advances in thin-layer chromatography; Surface
analysis - an important interface; Industrial hygiene monitoring of chemical hazards; Computerized
methods in GC-MS analysis; Process analyzers; New developments and applications of energy dis
persive X-ray fluorescence; Electroanalytical techniques in the horizon; State of the Art of the hyphe
nated techniques; Preparation and analysis of derivatives in chromatography; Analytical chemists as
inventors and problem solvers; Practical advances in liquid chromatography; Advanced techniques
and standards in environmental measurements; Dal Nogare Award Symposium; Coblentz Society
Award Symposium; ASTM E13.06 - New directions in molecular luminescence; Spectroscopy Society
of Pittsburgh Award ; Society for Analytical Chemists of Pittsburgh Award.

A short course on Approaches to Laboratory Computerization, Part II, is under study and planned
to be offered on Friday and Saturday, March 12 and 13, 1982.

General papers~ restricted to the symposia topics. Papers may be contributed in all areas of
the disciplines of Analytical Chemistry and Applied Spectroscopy. Those authors wishing to present
papers in the 1982 Pittsburgh Conference should submit four (4) copies of a 300-word abstract to:

Mrs. Linda Briggs, Program Secretary
Pittsburgh Conference, Department J-05 7
437 Donald Road
Pittsburgh, PA 15235, U.S.A.



EXPOSITION OF MODERN LABORATORY EQUIPMENT

In 1981, the modern laboratory equipment presented at the Conference totalled 498 exhibitors
occupying 1,199 booths and 34 seminar rooms in which was displayed the latest equipment available
in the areas of Analytical Chemistry and Spectroscopy. Anyone desiring to reserve exhibit space or
to obtain additional information regarding the 1982 Exposition should contact:

Mr. Ralph M. Raybeck, Exposition Chairman
Pittsburgh Conference
437 Donald Road
Pittsburgh, PA 15235, U.S.A.

SYMPOSIUM ON "DETECTION IN HIGH PERFORMANCE LIQUID CHROMATOGRAPHY"

A symposium on the topic "Detection in High Performance Liquid Chromatography", co-spon
sored by the Free University of Amsterdam, Hewlett-Packard GmbH, Waldbronn, G.F.R., and
Hewlett-Packerd, B.V., Amstelveen, The Netherlands, will take place at the Free University of Am
sterdam on January 19 and 20, 1982, in the Department of Analytical Chemistry.

Emphasis will be placed on diode-array detectors, LC-MS (MS), luminescence, reaction detectors,
electrochemical detectors as well as on radiochemical, conductivity, refractive index and light scatter
ing detection.

Presentations will be in the form of discussion papers as well as poster sessions. English and
German may be used at the author's discretion.

The following scientists have already expressed their interest in actively participating in the sym
posium: 1.H.M. van den Berg, U.A.Th. Brinkman, C. Burgess , R.S . Deelder , G. Dielmann, D. Dixon,
R. Frei, H. Hanekarnp , J .F .K. Huber , M. Martin, A. Maute , H. Poppe, 1. Ro cca and G. Schill. Further
contributions are welcome. Please submit title and one page abstract, 300 words, to Professor R. Frei ,
Free University of Amsterdam, De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands (phone:
020-548911), before August 15.

For registr ation information please contact Hewlett-Packard Nederland B.V., Analytical Depart
ment, Mrs. Peschier , van Heuven Goedhartlaan 121, 1181 KK Amstelveen, The Netherlands (Phone:
020-472021 ).

ILMAC 81 MIT 6. SCHWEIZERISCH EM TREFFEN FUR CHEMI E

Yom 29. September bis 2. Oktober 1981 findet in den Hallen der Schweizer Musterrnesse in Basel
die ILMAC 81 , 8. lnternationale Fachrnesse mr Laboratoriums- und Verfahrenstechnik, Messtechnik
und Automatik in der Chemie, statt. 1m Rahmen der Fachmesse werden einige der im Patronats
komitee vertretenen Institutionen, Verbande und Gesellschaften unter dem Titel " 6. Schweizerisches
Treffen fur Chemic" mehrere Begleitveranstaltungen durchfilhren.

Am 30. September veranstaltet die Schweizerische Gesellschaft Iilr Automatik eine Tagung iiber
"Aspekte der Mensch -Maschinen-Kommunikation zur Fiihrung automatisierter chemischer Prozesse".
Die Schweizerische Gesellschaft filr Thermoanalytik und Kalorimetrie befasst sich wilnrend zwei Tagen
(30 . September und I. Oktober) mit dem Thema "Chemische Therrnodynamik in der angewandten
Forschung", Am I. Oktober tUhren ferner die Fachgruppe tUr Verfahrens- und Chernieingenieur
Technik des Schweizerischen Ingenieur- und Architekten-Vereins cine Tagung iiber Verfahrens- und
chemische Reaktionstechnik und die Schweizerische Gesellschaf't fiir Mikrobiologie eine solche Ilber
Biote chnologie durch . Dern Problem der Qualitatssicherung und Produktehaf'tung schliesslich widrnet
sich am 2. Ok tober die Schweiz , Vereinigung diplornierter Cherniker HTL.

NEW BOOKS

Katalytische Methoden in der Spurenanalyse,
by H. Muller , M. Otto and G. Werner , Gccst &
Portig, Leipzig, 1980, 168 pp .. price G.D.R .
M 45 .00 .

Analytical chemistry of polycycliC aromatic
compounds, by M.L. Lee , M.V. Novotny and
K.D. Bartle , Academic Press, Ncw York, 1981 ,
XII + 462 pp ., price US$ 60 .00 . ISBN
0-12-440840-0.
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Journal of Chromatography (incorporating Chromatographic Reviews) and Journal of Chromatography, Biomedical
Applications
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(Detailed Instructions to Authors were published in Vol. 209, No.3, pp. 501-504. A free reprint can be obtained
by application to the publisher)

Types of Contributions. The following types of papers are published in the Journal of Chromatography and the
section on Biomedical Applications: Regular research papers (Full-length papers). Short communications and
Notes. Short communications are preliminary announcements of important new developments and will,
whenever possible, be published with maximum speed. Notes are usually descriptions of short investigations
and reflect the same quality of research as Full-length papers, but should preferably not exceed four printed
pages . For reviews, see page 2 of cover under Submission of Papers.

Submission. Every paper must be accompanied by a letter from the senior author, stating that he is submitting
the paper for publication in the Journalof Chromatography. Please. do not send a letter signed by the director of
the institute or the professor unless he is one of the authors.

Manuscripts. Manuscripts should be typed in double spacing on consecutively numbered pages of uniform size.
The manuscript should be preceded by a sheet of manuscript paper carrying the title of the paper and the name
and full postal address of the person to whom the proofs are to be sent. Authors of papers in French or German
are requested to supply an English translation of the title of the paper. As a rule, papers should be divided
into sections, headed by a caption (e.g., Summary, Introduction, Experimental, Results, Discuss ion, etc.). All
illustrations, photographs, tables, etc. should be on separate sheets.

Introduction. Every paper must have a concise introduction mentioning what has been done before on the topic
described, and stating clearly what is new in the paper now submitted.

Summary. Full-length papers and Review articles should have a summary of 50-100 words which clearly and
briefly indicates what is new, different and significant. In the case of French or German articles an additional
summary in English, headed by an English translation of the title, should also be provided. (Short communi
cations and Notes are published without a summary.)

Illustrations. The figures should be submitted in a form suitable for reproduction, drawn in Indian ink on
drawing or tracing paper. Each illustration should have a legend , all the legends being typed (with double
spacing) together on a separate sheet. If structures are given in the text, the original drawings should be sup
plied. Coloured illustrations are reproduced at the author's expense, the cost being determined by the number
of pages and by the number of colours needed . The written permission of the author and publisher must be
obtained for the use of any figure already published. Its source must be indicated in the legend.

References. References should be numbered in the order in which they are cited in the text, and listed in
numerical sequence on a separate sheet at the end of the article. Please check a recent issue for the lay-out of
the reference list. Abbreviations for the titles of journals should follow the system used by Chemical Abstracts.
Articles not yet published should be given as " in press", "submitted for publication", "in preparation" or
" perso nal communication".

Proofs. One set of proofs will be sent to the author to be carefully checked for pr inter's errors. Corrections
must be restricted to instances in which the proof is at variance with the manuscript. "Extra corrections" will
be inserted at the author's expense.

Reprints. Fifty reprints of Full-length papers, Short communications and Notes will be supplied free of charge.
Additional reprints can be ordered by the authors. An order form containing price quotations will be sent to
the authors together with the proofs of their article.

News. News releases of new products and developments, and information leaflets of meetings should be ad
dressed to : The Editor of the News Section , Journal of Chromatography/journal of Chromatography, Biomedical
Applications, Elsevier Scientific Publishing Company, P.O. Box 330, 1000 AH Amsterdam, The Netherlands.

Advertisements. Advertisement rates are available from the publisher on request. The Editors of the journal
accept no responsibility for the contents of the advertisements.
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