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STRAIGHT-PHAS E ION-PAIR C H RO MATOG RAP HY OF ZIMELIDI N E
AND SIMILAR DIVAL ENT AMIN ES

II. TH E C H RO MATOG RA PH IC SYSTE M

DOUGLAS WEST ER LUND' . LA RS B. N ILSSON and YVONNE JAK SCH

Astra Ldk emedel A B. Research and Development Laboratories, Bioanalytical Chemistry. S- 151 85 Siidertalje
(Sweden }

(Received Fe bru a ry 16lh. 19XI)

SUMMA RY

T he propert ies of a stra ight-phase ion-pai r liqu id chro ma togra phic system are
described. Th e system is based on perchl or at e as the anion co mpo nent in a strongly
acidic stationa ry ph ase with methylene chloride-n-b uta no l as the mobil e phase, and
has been used for the separa tion of zime lidi ne, a diva lent hyd roph obi c ami ne, and
relat ed com pounds.

Bat ch distribut ion data for some of the arn ines as bases and as I + 1 and I + 2
ion pairs with perchlorate arc present ed and used to calculate cap acity ratios, wh ich
were found to be in good ag reement with the experim ental chromatographic da ta . It
is concluded th at the retent ion mechan ism is based mainly on liq uid- liq uid distri
buti on and th at selectivity fac tors ca n be ca lculated fro m ba tch ext raction co nstants.
Th e ion -pair equilibria were found to include an association of a 1 + 2 ion pair in the
aqueo us phase and also dissociat ion of th e 1 + I ion pair in the organic ph ase.

Th e relationship between chemical struc ture and selectivity is di scussed , and it
is emphasized th at it is com plicated becau se of the possib le exis tence of two kinds of
ion pa irs with the di valent amines . Th e baselin e separa tio n of fo ur com po un ds that
arc both geometric and bromo-position al isom ers demonstra te the excellent selec
tivity of the system in practice.

Th e ca pacity rat ios increase both with increasing flow-rat es and at very low
flow-rat es. but with mainta ined selectiv ities, and possi ble reason s a re di scu ssed.

The effects of the inject ion of lar ge sam ple vo lumes (up to 500 td) on chroma to 
graphic efficiencies and reso lutions are dem on strat ed , and linear relationships be
tween the sta ndard deviati on (0') of the dispersion and th e injec ted volume were
obtai ned.

INT ROD UCTI O N

lon -pair extract ion is a well esta blished techn ique in analyt ical chemistry, and
its fund am ental properties regarding theory and applica tions in ba tch extractions and

002 1-9673/81{0000--0000{502.50 l!c) \ 981 Elsevier Scientific Publishing Co mpa ny
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in modern liquid chromatography have recently been treated in a book I and several
rcviews'<".

This paper desc ribes some chromatogra phic properties of a straight-phase ion
pair system based on a strongly acid ic perchlorate solution as the stationary phase on
irregular silica gel microparticles (5 jlm ) with a mixture of methylene chloride and 11

butanol as the mobile phase. The compounds stud ied were a di valent am ine. zimc
lidine, and some chemically rel ated compounds.

The a pplication of this system to th e analysis of th e compounds in biological
materi al ha s been de scr ibed earlier",

EXPERIMENTAL

Apparatus
The equipment used for chromatography. photometric mea surements. pH

mea surements and ultrasoni c homogenizations ha s been de scribed elsewhere" . Tw o
phase titrimetric experiments a nd potentiometric titrations were performed with
equipment obtained from Radiometer (Copenhagen. Denmark). namely a pH meter
(PHM 26) with glass (9202 B) a nd cal omel (K 401) electrodes or, in the determi
nations of extraction constants a t ioni c strength I. an Orion Model 90-02 double
junction electrode. with I M sodium chloride solution as the salt bridge. The titrant
was added with a 0.5-ml Agla micrometer syringe (Wcllcorne Reagents. London, Great
Britain) or a Dosimat E 535 (Mctrohm, Hcri sau, Swit zerland) with an E 552- 1B
micro-exchange unit.

Chem icals
Most of the chemicals. including the chromatographic support (Partisil 5).

have been described previously". Zimel idine. norzimelid inc. zimelid inc N-o xide. zi
melidine E-isomer , norzirn clidine E-isome r, compounds I. II. III, V, VI. XI , XII and
XIII were obtained from the Department of Organic Chemistry. Astra Lakernedel
AB (Sodertalje, Swed en). and compounds IV. VII. VIII. IX and X from AB Hassle,
Gothenburg, Sweden (see Table IX ). They were in the form of ba ses or sa lts with
chloride. oxalate or maleate and were used as received .

Sodium chloride. sodium sulphate. sodium perchl orate and pcrchloric acid
wer e of analytical (pro a na lysi) qualit y from Merck (Darmstadt. G .F .R. ); sulphur ic
ac id (concentrated) was Chemtam w (P-H Tarnm. Gothenburg. Sweden) .

CO!UlIIlI pack ing and co al ing
The procedure ha s been described in detail elsewhe re". With methylen e chlo

rid e-n-butanol (89: II) as the mobile ph ase the volume of the stationary ph ase (VJ on
the column (150 x 4 mm) was 0.79 ml , as determined by elutin g the column with
anhydrous methanol a nd measuring the water contcnt by a Karl Fischer tit ration .
The interstiti al volume (VIII) was determined to be 1.02 ml by the injection of an
unretained sample (toluene).

The contents of perchlorate in the stationary and mobile phases were de
termined by a quantitative extract ion with dimethylprot riptylin (MPT) into meth
ylen e chloride and ph otometric measurements. acco rd ing to the principles described
by Borg?



IO N-PAIR C H RO MATOG RA P HY OF Z IM ELI D IN E. II . 1 ~ 3

Determination 01' distribution data
The batch extractions wer e carried out in cent ri fuge tubes either at room tem

perature or in a thermostat ed bath at 23.0 C. The a pprox imate shaking tim e for th e
determination of extraction co ns ta nts was 30 min or more . and for the de te rminati on
of distribu tion co ns ta nts for bases 60 min or more. T he tubes were th en centrifu ged a t
1600 -1900 ~ for 5-10 min . The concentra tions were determined by ph ot omet ry in
bo th the aq ueo us a nd th e organic ph ase. Molar a bsorptivi tics of th e co m po unds are
given in Table I.

TABLE I

MOL A R ABSO R PT IVIT IE S

Aqueo us phase : 0.5 I 114 HC IO~ . Organic phase : meth ylene chl oride II-bu tano l (89: II). saturated with
aqueo us phase.

Comp ound

Zimc lidinc
Zimclidine

t,-isomcr
Norzime lidine
Norzimelidinc

E-isomc r
Chlorphcniraminc

Aqurous phase

WIII'('

11'1Igl!l
( 11111)

~50

220
250

265

log I:

4.278

4.281
4.296

4.303
3.922

Organic ,,!IIIS(,

Wal'(,

11'1Igl!l
( 11111)

~50

~39

~50

~4 1

266

log I:

4. 342

4.~30

4.294

4.28 1
3.896

In the two-phase titrati ons the pH set was ca libra ted before and after eve ry
titrat ion with two commerciall y ava ila ble butlers (pH 4.01 ± 0.02 and 7.01 ± 0.02)
(Radiometer). The titratio ns were perfo rmed in a closed vessel to prevent distu rban ce
by carbon dioxide from the a ir. T he vessel wa s kept in a th ermost ated wa te r-ba th
(23.0 ± 0.2C ). The two phases were sat ur a ted wit h each ot her pr ior to th e titr a tion
in order to avoid vo lume cha nges.

A 10- 2 M so lutio n of the am ine in 30 ml of th e o rga n ic phase (m et hylene
chloride-a-butanol. ~9: II ) was prep ared by ex traction fro m a sma ll vo lume of a n
a lka linized aqueous soluti o n o f the amine salt. After centrifuga t ion , 25.0 m! of the
organ ic phas e were transferr ed into the titration vessel and 25.0 m! of aqueous phase
wer e added. The two-phase system was then titrated with! M perchloric ac id for io n
pair extraction constan ts and 0.5 M sulph ur ic ac id for base di stributions.

T he ti trant was del ivered in eq ua l portions with vigoro us st ir r ing. Th e pH was
measure d . with sti rri ng . a bo ut 60 sec a fte r th e ad d it ion . Blan k ti tr at ion s were per
formed in both ins ta nces a nd ca lcu la tio ns were m ade acco rd ing to Johansson and
G ustavii ":".
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Distribution data
The compounds studied are divalent arnincs and in the chromatographic

system used , which contains a stro ngly acid ic stat ionary aqueous phase, they can be
distributed both as I + I (HAXnrg ) and I + 2 (H 2 AX2",) ion pairs. Constants for the
distribution of the compounds as bases and as ion pa irs to the mobile phase, meth
ylene ch loride-II-butanol (89 :1 1), are given in Tables II-I V.

T ABLE II

CO NSTA NTS FOR DISTRIBUT IO N AS BAS ES

Determined by two-phase titrations. O rga nic pha se : methylene chloride-u-but anol t89 : II) equili brat ed
with the aqueous phase. Number o f experim ent a l poin ts : 9 12. Aq ueou s phase : 0.033 M Na 2SO. ; titrant,
0.5 M H2SO. (I = 0. 1).
--_._-_._ ._---_._-

Amine C~ · W C~ · ! OJ I' ll - lOR k ,,' K;/A pK~ , A
-- - - - ---_._-
Zimclidine 5.0 1 3.04-3.26 4.52 -3.45 3.97 3.76*
Norzimclidine 5.05 3.76-3.94 5.13 3.X3 5.36 3.83**
No rzime lidinc

E-isomcr 5.03 2.87- 3.86 5.3X-3.51 5.55 4.29
Zimelidine

E-isomer 5.02 2.93-3.07 4.55- 3.58 4.07 4.25
Chlor phenira mi ne 5.02 3.13 -3.5 1 5. 10-3 .33 4.92 3.81
-- - _._ --- . _.

* 3.78 ± 0.03 (II = I I) by pot enti ometric tit ra tion.
** 3.92 ± 0.0 I (II = I I) by pot en tiom etric tit ration.

The d istribution of the compounds as bases is negligible at pH < 2 (equal
phase vo lumes), as is the case with increasing ionic strength, as it can be expected that
the ba se distribution will then decrease, in a similar manner to the resu lts for the I +
I ion pa irs (Tab le III ) whe re the difference is abo ut two -fold. Acid dissociat ion
constants of zime lidine and norzi melid ine at an ionic strength of I were fo und to be
4.0 8 ± 0.0 I and 4.24 ± 0.0 I (n = II ), res pectively, as de ter mined by potenti ometric
tit rations, i.e. the acid ities arc about ha lved on increasing the ionic strengt h 10-fold .

The ion -pair ext raction co nsta nts at an ion ic strength of 1.0 were determined
accordi ng to the princ ip les o utli ned by Modin and Schill1o; I + I ion-pairs co uld be
determined withou t any infl uence of I + 2 ion pairs at pH 2.88 and 4.15 for zime
lid ine and norzime lidine , respectively. In the determina tion s of I + 2 ion pa irs (Table
IV) the co-extraction of the I + I ion pai rs was co mpensated for by using the
determined constant s (Table III B). At high ionic strength the I + I ion pair s were
found to dis sociate in the organic ph ase (Table IIIB); th e determinations of constants
at low ionic strength (Table IlI A), however, were performed with much high er co n
centrations, that is, und er condit ions where d issociation of an ion pair in the organ ic
phase do es not occur.

With varia tion of the perchl orate concentra tion under acid ic conditions (I + 2
ion pair, Tabl e IV) the cond itiona l extrac tion constants for zimelidi ne and norzirnc-
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TABL E III

EXT RACTION CO NSTA NTS FO R I + I PER CHLORATE IO N PA IRS
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(A) Ionic strength = 0.1

Determination techn iq ue: two-phase t itr a tions. Aqueo us phase : 0.1 M NaC10 4 : tit rant , 1 M HC10 4 •

Compound C~ . J() -' C~ · J() ' pH log K t',XIJl A X )

Zimelidine 10.06 3.4X 6.27 6.19 -5.63 3.06
Norzim elidine 10.05 5.77- 12.24 7.41- 6.79 2.74
Zimelid ine

E-isomer 9.97 5.90 - 12.52 6. 11-5.47 2.73
No rzimelidine

E-isom er 9.99 19.84--32.44 6.966.46 2.33
Chlor -

phe nira mine 10.10 1.73-3.XX 7.54--6.XO 3.27

( 8 ) Ionic strength =

De termination tec hni q ue : ba tch ext racti on and UV ph otom etric measu rem ents. Aqueous phase: 0.2 M
HCI04 + NaCI04 an d NaCI to give I = 1.0.

Compound

Zim elidine
Norzi melidine

* r = 0.9986 .
** r = 0.988X.

C~ · J() ' C~ · /0' I' ll log K"x ( II A X )

2.25 28.36 1.049-15. 60 2.XX 2.82
2.21 22,60 0,4 79 ·5.67 4.15 2,4X

5.23*
4.75**

TABL E IV

EXT RACTI O N CONSTANTS FOR I + 2 P ER CH LO RAT E IO N PA IRS

Determ ination tech niqu e : balch extractions and UV photometric measurements. Organic phase : meth 
ylene chloride-vr-butanol (89: 11). Aqu eous phas e : 0.2 M HCI04 -+ NaCI04 and NaCl to give 1 = l. O.

Compound C:<o," · IO' C~ . /1)" C~ 'IO ~ Kl .x lll .-l x ~ . k Ol lll 1.A X !) n

Zimel idine 6.68 x'20 1.20- 1.42 O,4-0.X 7.5 14.5 14
Nor-

zimelidinc 1.92 -5,42 1.72 2.05 0.2 l.O 3.1 13. 1 X

Iidin c decreased with increasing co ncentra tion of perch lo rat e in the aqueous ph ase.
Thi s may be du e to dissociati on of an ion pair in th e orga nic ph ase or association
react ion s in the aqueou s phase . The ass umpt ion of an associati on betw een the amine
in divalen t form an d two molecules of perchl orat e to for m an ion pair (H 2 AX 2 ) in th e
aq ueo us phase gave the best fit to th e data as trea ted by slope a nalysis. Other possi
bilities tested were extr action of a I + I ion pair onl y and associa tion of amine and
perchlorate to form the ion pair I-1 AX in th e aq ueous ph ase; extraction of a 1 + I ion
pair an d dissociation of this ion pair in the organic ph ase; and ext raction of a 1 + 2
ion pa ir and di ssociat ion in the orga nic ph ase to form either H 2AXor g and X ll r g or
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2.6 (K ';,x. H,AX,r'

2. 2

1.8

1.4

1.0

D . W EST ER LU ND . L. B. N ILSSON. Y. JAK SCH

0.6

0. 2

0 .2 0.4 0 .6 0. 8 [x]'

F ig. I. Ion- pair association in aq ueous ph ase. Organic pha se: me thy lene ch loridcw-butanol (8l): I I ).
Aqueous phase: 0.2 M HCI04 + Na CI0 4 an d NaCI to give I = 1.0. Calcul ati on of data fr0111 Ta blc IV
accord ing to cq n. I (r = 0.999 1).

H ZA o r g a nd 2 Xo r g ' Com puta tions accord ing to these principles gave. however . lo w
correlati on coefficien ts and in m any in stances improba ble values of the co nsta nts. As
an ex am p le, the assoc iation o f zirnclidi nc with two perchlora te molecules in th e
aqueous phase is illu strated in Fi g. I accord ing to th e equat ion

The ex tract ion a nd associat io n co ns ta n ts o bta ined from the slo pe a nd in te rcept for
the two com pounds a rc reported in Ta ble IV.

The magnitude o f th e associa t io n constant s mean s th at th e ion-pa ir fo rmation
in the aqueous phase is sig nifican t at perchlora te concentrat ions a bove 7.10 - 4 M .
The di ssociati on o f the I + I ion pairs in the o rga n ic ph ase for zimc lidi nc and
norzimelidinc is of importance a t o rganic phase concen tra t io ns ~ 10 " M.

The determinations o f constants for the I + :2 ion pairs were ca r ried o ut under
co nd itions wh ere th e co ncentra t io ns in the o rga n ic ph ase were lo w. bu t as per chl o ric
acid is extracted (sec be low) the d issoc ia tio n o f th e ami ne- pe rc h lo ra te ion pai rs in th e
organ ic phase may be suppressed by perchlorat e ions from th e acid II and rema in
undetected.

The di str ibuti o n ra tios fo r actua l arn incs were a lso det ermined by ba tc h extr ac 
tions under conditi ons id entical with th ose used in the chroma togra phic sys te m
(T able V). As rem arked earlier. in thi s sys te m both I + I and I + :2 io n pa irs wi ll
di stribute sim ulta neous ly a nd co m p lica te d iscu ssions o n selecti vit y. as di scu ssed in
depth later (see Chemical structure and sclect ivitv],

D ata on extracti o n se lectiv ity , ex press ed as the difference between the logarith
m ic val ues fo r the co ns tan ts, arc give n in T a ble VI. In ba se di stributi on high se lec
tivity is o btained between tertiary and second a ry a m incs, wh ich obviousl y depends on
a com bina tion of d ifferences in both d ist ribut ion cons ta n ts and acid di ssociat ion
constants. High se lectivity for geometr ica l isomers is obta ined by I + I ion-pa ir
ex tract io ns , where th e se lec t ivity bet ween th e tertiary a nd seconda ry a mi ncs is also
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TA BLE V

D ISTR IB UT ION OF IO N PAI RS BET W EEN PH AS ES US ED I I T HE C H RO MATOG RAPH IC
SYSTE M

Determination technique : ba tch extrac tio n and UV ph ot ometric measurem ent s. Organic ph ase : meth ylene
chlo ride II-buta no l (X9:11). Aqu eo us ph ase : 0.2 AI HC IO. + O.X AI N aCIO~ .

( 'Oll/fl OII/ III

Chlo rphcnir
a mine

Zimclidinc
Zimclidinc

c'-isom er
Norzimclid ine
Norzimclidinc

E-isomcr

C ,,,,,, ' III' C , . to' Dis/I'i-
bution
ratio

1.76X 9.005 1.93X· 10.123 (UOO6
0.6 14 3.062 I.UX 5.796 0.5329

0.4 710 2.420 1.24 1-6.430 (U 709
0.441 7 2.19X 1.1X3 5.9X7 0.3745

0.3766 · I.X99 1.244-(1.00 (U 25X

II

0.0 135 X
0.0067 10

0.0066 4
(1.0045 5

O.O I6X 5

good . For I + :2 ion pa irs data o n ly for zime lid ine a nd no rz ime lid ine are ava ilable
and fo r this pai r of co mpounds the se lectiv ity is simi la r to the I + I ion pairs . In
pha ses used in th e chromatographic system D (Table V I). however. where both I + I
and I + :2 ion pa irs a re d istri buted . th e selectivit ies are lower ; this system wa s.
ho wever. preferred for the chroma tography mainl y beca use of high er sta b ility and
buffer capaci ty' :'.

Capacity ratios
In a chroma togra phic system based o n the d istr ibu t ion of io n pairs. th e ca 

paci ty rat ios ca n be ca lcu lated acco rd ing to

1< = V, (V", DA ( \ )} t (2)

T he de te rm ined capac ity rat ios arc 1.5- 2 times higher th an the ca lcu lated va lues. as
de mons tra ted in Ta ble VII. T he diff erence may be du e to the in fluence of the su pport
on th e pro pert ies of sta t iona ry phase or o n the sample. La rger differences have been
fo und earlier in simi la r syste ms fo r um incs ' :' a nd ste roida l co nj uga tes !" , a nd a close
correspo ndence was obtai ned for so me ph en ylaceti c acid der ivat ives ' s.

A qu antitati ve de term ination of per chlora te in th e sta t io na ry phase showed
that its co nce ntra tio n increased du r ing th e co urse of th e equ ilibr ati on from I to 1.23
M; which is ana logous to th e resu lts found for qu at ern ary am moni um co m pounds in
sim ilar systems I 4

.
I S

. T he chroma togra phic res ults ind icated in tho se instan ces th at
th e addi tiona l amou nt o f th e co unte r ion did not take pa rt in th e ion-pa ir d ist ri
butio n . This a lso see ms to be the case in th e present system . A significa nt amount o f
perchlorate is also extracted into the mo bile phase. which was found to have a con
centration of 2.01 ·10 - .1 1\4. probabl y mainly consist ing of pcrchloric acid . as this
species has a much higher d istri bution tha n so di um perchl o ra te !",
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TABLE VII

DETERMI N ED AND CALCULAT ED CA PAC IT Y RATIOS

189

Support : Partisil 5. Sta tionary phase : 0.2 M HCI 0 4 + O.lI M NaC104 . M o bi le p hase : methylene ehloride
II-but an ol (lI9:11) . VJ V'", = 0.77. k ', a nd k ; = de termined and calcul at ed (T a ble V) ca pacity ratios.
respectively.

CO IIII'O //lU!

Chlorphcn irarninc
Zimelidine
No rzimelid ine
Z imd idi ne E-iso mcr
Norz imd idi ne I:-i somcr

k j

I.7 l1
1 .36
3.10
3.25
3.7l1

2.02
1.63
1.50
1.56
1.60

The good agreement between determined and calculated capacity ratios in
dicat es that the retention is due mainly to liquid-liquid distributi on. This conclusion
is support ed by the fact that selectivity factors can be calculated from extraction
constants obtained by batch extracti ons, as demonstrated in Table VII I. It is note
worthy that about the same selectivity is obtained between Z- and E-isomers as be
tween ter t iary and secondary amines .

TA BLE VIII

SEL ECTIVITI ES FROM EXTRACTION CONSTA NTS AN D CHROM ATOGRAPHI C DA T A

T he selec tivity factors (z ) wc rc ca lcula ted from Ta b les V an d VII.

CO/llI'O/OId., :x calculatedfrom

Zirncl id inc /zimelidinc E-isomer
Zi rncl idine/chlorphcniraminc
Zimelidinc/norzimctidinc
Zime lid ine E-isomer/

norzimelid ine E-isomer
Zimclidinc/norzimelidine I~'-i somer

Norz imc lid inc /no rz imclid inc
E-iso mc r

1.38
1.33
1.31

1.16
1.05

1.22

1.44
1.63
1.41

1.14
1.0 I

1.15

Chem ica! structure and select ivitv
The discussion of factors that det ermine the selectivity in th is chromatographic

system is complicated by the pos sible existence of two kinds of ion pa irs in the organic
phase, H1AX1 and HAX, when the compounds concerned are div alent amines. The
ratios of the concentrations of th ese ion pairs arc obtained by the equa tion

total concentration of 1 + 2 ion pair in organic ph aseR = ~-_ __. ._--_ _..__ ----=- - '----

total concentration of I + I ion pair in organic ph ase

(3)
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As th e p H and th e co unter ion co ncentra tion ar c kept con st ant in th e chro ma tog ra ph
ic system. th e ratio . R. dep end s on th e quotient of th e ext ract ion co nsta nts and th e
acid dissoci ation co nsta nt of th e pyr idin e-n itrogen. R va lues 1'01' zimelidi ne a nd norzi
melidine, usin g dat a from Tabl es II. 111 8 a nd IVA. arc 1.94 and 2.5.3, corresp onding
to 66 and n ~~;, or th e 1 + 2 ion pair in the chro matogra phic mobil e ph ase. respec
tively. T he R va lues arc ca lculated ass uming that th c dissociati on of thc I + 1 ion pair
is negligib le as th e co-extract ion of significa nt amounts of perchl ori c acid (see a bov e)
will probabl y suppress thi s reacti on . It can be es tima ted that 1'01' th c compounds
menti on ed in Tabl es II -V bet ween 60 a nd 99 ";, or thc species present in thc o rga nic
phase will correspo nd to th e I + :2 ion pair.

Ca pac ity rati os 1'01' zimelid inc and related compounds ar c summarized in Ta ble
IX. a nd some select ivity fact ors calculated from the se figu res are given in Tabl e X.

T ABL E IX

CA PAC ITY RA TI OS

C hromatographic co nd itions : sec Ta ble VI.

Compound R, R1 R , R. /tJg k _~ - *

FI, ~~ Jfj)___ R;>

---........ C .»> ",/
II

.././/C~
FI) Flo

Zimclid ine ~ - l'y r idy l ,,- HI' .. C H1N(CH,)1 II (U n
Nor zimclid inc ~- l'y r i d yl I ,- Br C H1N IIC H , II 0.491
I ~- l'y r i dy l I,-Br C H1N Hl II (Uel
II ~ - Pyr id y l ,, - 13 1' C Hl II C OCH, II ~ - 0. 5 ~

Zimd idine . -ox ide ~-Pyridy l ,,- Hr C Hl (C H ' )l II 0. 1)7

!
0

III ~ - l'y r i dy l ,, -131' COO H II - 0. 5 ~ ~

IV ~ - l'y r i dy l II C H1N(C H ') 1 II O.X07
Z ime lid inc t '-isomer ~ - l'y r i dy l ,, - 131' H C111 N(C II J ) , 0.51 ~

Norzirnc lid inc E-isomer ~ - l'yr i d y l 1' -13 1' H C H1N HC H J 0.577
V ~- l'yrid y l (I-HI' C H , N(C H ') l I I O . ~ 16
VI ~- l'yr i d y l (1- 13 1' H C ll lN(C H ') l 0.599
VII ~- l'yridy l II C H, N(C H ,), I I O .~l)X

VII I 2-l'y ridy l I ,-F .. Cll l N(CH' )l II 0 .4 .1~

IX ~- I'y r i d y l ,,-OC H , - C H1N(C H ' )1 II 0.097
X ~- Py rid y l I,-C H , - C H1N(C H ' )1 H 0.000

FI, ___ • ......KJ}//R?
//C ::'~_ ..-...........<,

R) Fl.

X I. ~- l'y r i d y l ,,- 131' Oil C H1C H1N( C H ') 1 0.50X
X II ~- Py r id y l ,,- 131' O H C H1C H1N HC H J 0.665
X II I ~- Py r id y l p-Br =0 - () . 9X~

Chlorphcniraminc ~- Py r idy l p-C I II C H1C H, N(CH ,h 0 . ~5()

Hromphcniruminc 2-P yridyl p- Br H C II ,CH,N( C HJ ) , 0.146

* ,, ~ . va lues ar c means o f two or three experiments.
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TABLE X

CHE M ICAL STRUCTU RES A ND SELECT IV ITIES
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Structural clit/i'l'l'lIl'l'

Sccondury/t crt iary ami ne

Prim ury /scc ondur y amine
Gcomet ric isomerism

Te rt ia ry uminc/aminc oxide
Primary ami nc/accty lat cd
primary a m ine
Tcrtiary ami ne /ca rboxylic acid
> C C II, < f> C H =C H < (/-isomcrs)

I - '
OH U;-isomcrs )

3-l'yridy li2 -pyridy l

H/I'-Hr
I'-F ! H
H/o-C H.,O
H/I'·CH .,
,,-C I/I'-Hr

<. 'ompounds

Norz imclid inc /zirnc l id inc
orz imclidinc/zimclidinc t.'-isomns

Ijn o rz imdid inc
Zimclid inc lo'!zimd id inc

o rzimcl idinc l: i1lOrz imdid in<:
Zimclid inc.zim clid inc Nvoxidc
1/11

Zimclid inc, III
X l jzimdid inc

X l .zimclidi nc " '-iso mcr
IV/V II
l Vrzimc lidinc
VII I/V I I
VII / IX
VILX

<. 'h lo rp hcn ira m inc! hro m p hcn ira m inc

1.31
1,16
2. 14
UR
1.22
1.72

> 2 1.9

7,R7
1.49

1.22
2,56
2.72
LOx
2.00
2,50
1.27

Owi ng to th e co m plica ted nature oft he chroma togra ph ic system presen ted above, th e
follow ing di scu ssion o n selectivities o bta ined is mainl y o f a qu alitati ve nature and
difficult to compare with o ther extract ion syst em s.

Arnines of different degrees o f su bst itut io n arc easy to sepa ra te ; the select ivi ty,
however . is stro ng ly dep enden t o n th e co nte nt o f a lco hol in th e mobile ph ase. as
dem on strat ed in F ig. 2. T he o rder of elut ion is rever sed with ]0 0

' 0 of II-butanol in the
mobile phase. th e seco nda ry a m ine bei ng stro ng ly so lva ted by th e a lco hol. Th e sc lcc
tivity factors decrease conti n uo us ly (1.]4. 1.16. 1.00 and 0.95 . respecti vely) with in
creas ing co nce ntration o f II-b uta no l in th e mo bile phase. as docs th e n umber of
theo re tica l plates (fro m about 7000 to 6000. 4500 a nd ]000, resp ecti vely). The mobile
phase vol ume. V/II (to lue ne). was consta nt. indicati ng that th e same amou nt of sta 
tion a ry ph ase is adso rbed to th e sup po rt in all instances.

The excellent se lec tivity bet ween two pairs o f geometr ica l iso mers is illu strat ed
in F ig. J . A a nd 0 arc geo me tr ic isomers as we ll as Band C ; A and B arc furtherm ore
brom o-p ositi onal isomers as wel l as C a nd O . Select ivity fact ors for positi onal isom
erism arc 1.14 (BfA) and 1.21 (O je ). res pec tive ly. whi le th e geome tric iso me rism
givcs z = 1.92 (OjA) a nd :J. = I. ] X (Cj B) in th is ins ta nce .

Z imc lidinc N-oxide tl:' = 1.] 7) e lutes before zimc lid inc tk ' = 2.]6) in thi s
chroma togra phic system. whic h is proba b ly m a inly a co nse q uence of pro to lyt ic pro p
ert ies (the forma tion of an I -oxid c o fte n decr ea ses the bas ic cha racte r of th e com
pou nd by 4 ·5 pK, un its 1 to ). whic h increases the possibi lities for the ex tractio n of a I +
I ion pair.

Acety la tio n of a primary am ine usually decreases the po larity o f a co m po und ,
but it a lso eliminates the prot olytic properti es. Com pou nd II (T able IX) is conse
que ntl y extracted as a I + I io n pa ir on ly. whi ch accounts for th e high se lectiv ity
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log k
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0 .1 IA = 0.005
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·0 .1
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·0 .5

I I i i i
min 10 8 6 4 2

Fig. 2. Retenti on wit h d ifferent contents of II-bu ta nol in the mobile phase. Support : Purtisil 5. Stationa ry
ph ase : 0.2 M H CIO~ + 0.8 M NaCIO~ . Mobi le phase : meth ylen e chloride II-butanol. Sample: 600 pmol of
each subs tance in 40 III of mobile phase. Each po in t is the mean of three or four det erm inat ion s. and the
chromatogra phi c sys tem was a llowed to equi librat e fo r no t less than 20 h before th e experime nt s.... .
Zimelid ine; 0 , norzimelidinc.

fig . 3. Separat ion of geomet ric and posit ion al isomerism . Suppo rt : Pa rtisi l 5. Stati on ary ph ase : 0.2 M
HCIO.. + 0.8 AI NaCIO~ . Mobile phase: methylene chloride- II-but a nol (89: II) sa tura ted wit h sta tio nary
phase. A. No. V in Tab le IX ; B, zirncl idinc ; C. zimclidi ne E-isomcr; D. No . VI i ll Tabl e IX .

aga inst the primary amine (compound I) in th is instance.
A fu rth er illustration of the higher ex trac t io n of I + I io n pai rs is given by the

ca rboxylic acid (II I), which has a very lo w retention . The introducti on of the polar
carboxylic group sho uld normal ly ha ve increased the capacity rati o .

The exchange of - CH =CH fo r - CH(OH )CH 2 - in the propyl cha in (zimc
lid ine --> X I and norzimclidinc --> X II) increases the affinity to the aqueou s ph ase. as
expected . T he increa se in th e capacity ra t ios (0.13--0. 17 log un its) is, however. con
siderably smaller than on intro d uction of an a lco ho l group in an alkyl ch ain of a I +
1 ion pai r . Extra ct io n constants for ch o line picr ate int o I-pentano l and meth ylene
chloride a re, for exam ple, 0.6 and 1.0 log un its lowe r, respective ly, than the co r
responding co nst a nts for the trimethylammonium ion pair! ".

T he high select ivity between 2- and 3-py ridy l-subs tituted compounds (I V a nd
VII ) is rem arkabl e and is probably an effect of d ifferences in hydrophobicit y a nd /o r
affinities to th e suppo rt, as pK~ ,A va lues for the two kinds of str uctures seem to be
simi la r, as ind ica ted, for ex am ple, by the pK;. ,Aof the 3-py ridy l deri vati ve zimclid ine
and th e 2-pyridyl derivati ve bromphen iram inc of 3.84 and 3.9 3, resp ect ively".
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EfFecIs (!I' varia tion inflow-rate
Th e dependence of /I on the flow-rat e for norzim cl id inc a nd th e primary amine

(I) is dem on strated in Ta ble XI. H is co nstant at flow-rates bet ween 0.4 and 1.8
nun /sec bu t incre ases at higher velocities. T he reaso n behind th is performan ce is not.
however, a simple co nsequ ence of a velo city inc rea se becau se the ret en tion is a lso
affected ; th e ca pac ity ra tios for bo th compounds are m inimal at a fl ow-rate of a bout
0.8 mm/scc, as illustrated in Fig. 4. The selectivity is, however . only slightly a ffected .
sugges ting tha t th e basic ret enti on mech ani sm is ma int a ined a t a ll velocit ies. The
rete nt ion is tempera tur e depen den t. as dem onst rat ed in Table X II, whic h shows
ca paci ty ra tios and select ivity fac tors obtai ned at 23.0 a nd 25.r c. At th e higher
temperature the ca paci ty rat ios increase by 25-30 'X, (0 .027 un it per 0.1°C) but th e

TABLE Xl

I N FL U ENCE OF FLOW-R ATE O N CH ROMATOG RA PH IC PER FOR M AN CE

Am o unts inj ect ed : 140 ng of norzimclidinc a nd 600 ng of I. Volume injec ted : 20 )11. Chro ma tog ra phic
cond ition s : sec F ig. 2.

11"' 1"-1"1//1' COIIII )(I I/ II< I II HT P As*

( 1I1111!.\('C i ( I I/ II j

0.41 o rz imc lidinc 23 U X
0.4 1 I 23 1.20

O.XI Norz irncli di nc 2 1 1.22
O.XI 1 ~~ 1.21
1.8 1 Norzirnciidi nc 23 1.14

L X1 23 1.14

2.50 No rz irnclidi nc 34 1.1.\
2.50 34 1.25
3.28 Norz im c lid inc 4 1 1.23

3.2X 3lJ 1.20

* ASY I1l I1l~ l ry factor = hack / fro nt o f pea k a t the basel ine level .

TAB LE X I I

T EM PERA T U RE D EPEN D EN CE OF CA PACITY A N D SEL ECT I VITY FA CT ORS

Compound

C hlorphcn iru m inc

Z imclidine

Norzimcl idi nc

Norzi me lidi nc
E-iso mcr

23.0C 25.7C

log k ~. ::J log k ~ :l

0.250 0.34 X
1.33 UlJ

0.373 0.4 9 1
1.31 1.31

0.4 9 1 O.W7
1.22 1. 17

0.5 77 0.6 70
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1 2 3 4

flow - rate (mm/sec)
Fig. 4. Depend ence of ca paci ty ratios on llow-rate. Chro ma togra phic co ndi tions: sec Fig . 3. Amo unts
injected : 140 ng of norzimclidine and 600 ng of I <primary amine). O. Norzimclidine: ... . compound I
<Table IX) .

selectivity is unchanged . It is known that heat due to frict ion develops within a
column with large pre ssure drops' ", but such temperature effects can be responsible
for only part of the ob ser ved difference in retention time s in the present instance .

In an ion-pair retent ion mechanism the capacity ratios arc directly propor
tional to V" the volume of the sta tionary pha se (eqn. 2). Data o btained for Vm (the
volume available for an unretained compound), however , increa sed from 1.026 to
1.066 with increasing flow-r ate from 0.83 to 3.26 mrn /scc, indicating that Vs decreases
by about 5 %with this flow-r ate change. As the capacity ratios increase with increas
ing flow-rate another retention mechanism mu st be responsible, possibly an increased
availability for adsorption of the compounds by the support with decreasing V,. The
increase in capacity ratios at the lower flow-rates may, however, partly depend on the
increasing stationary phase volume .

Injection of large sample volumes
A perfect injection results in a plug with no mixing of the sample and mobi le

phase occurring but simply a displacement of mobile pha se at the top of the column.
However, depending on the !low pattern in the injection device. a more or less asym
metric injection profile is obtained in practice.

Th e dispersion sta rts as soon as the sample hit s the column and results in band
broadening at the top of the column as the delivery of the sample takes a certain
amount of time. The magnitude of the dispersion also depends on the capacity ratio,
as a more retained compound occupies a smaller volume at the top of the column,
provided that rapid eq uilibrium between mobile and sta tionary phase is establ ished .
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The effective volume ( V,J occupied by th e sample under these condi tions is described
by Ve = Vi (I + «v:', where Vi is th e volume injec ted.

Th e total dispersion . (J; . is the sum of band-broad en ing effects at the inject ion.
(Jf. and on the co lumn, (J~, pr ov ided that o the r co ntr ib utions are negligible. It has
been demonstrated in some chromatogra phic systems l

9--2 1 that under certain con
dition s af is di rectly proportiona l to the vo lume inject ed by co m puting the total
dispersion against r: accordi ng to

(4)

where K is a constant representing the effects of the injec tio n va lve design and the
capacity facto r on the dispers ion. Plo ts of cqn. 4, for three co m po unds with different
k ' va lues, X. norzimclid inc and I with injec tio n vo lumes ranging from 10 to 500 pI
gave no st ra ight lines, how ever.

" (ull

200

1S0

•
100

1020 so 100 17S 300 400 Vi (u l)

Fig. 5. Dispersion by injection of larg e samp le volumes. Chro matogra phic condit ions : see Fig. 3. Volumes
injected : 10- 500 /11. • . Co mpo und X (Table IX); O . norzimc lidine; A. compound I (Table IX).

Straigh t-line relat ion sh ips were obtained by computing Vi aga ins t (J, (Fig. 5),
illus tra ting th at the peak widths increase in proporti on to the injected volumes ac
cording to th e fo llowing empirical equation s:

Com pound X (k ~r = 1.023 ± 0.032):

a, = 0.3040 Vi + 22.15 (r = 0.9993)

Norzimelid ine (k ~r = 3.57 ± 0.04 6):

(J, = 0.3019 Vi + 49.08 (r = 0.9986)

(5)

(6)
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C ompound I (k :1 = S.4 9 ± 0 .053 ) :

a, = 0.1 74 S Vi + 113.5X (I' = O. 99SI ) (7)

Data fo r Vi = 10,111 are not included in th e computa ti o n o f th e equat ions as th ey seem
to d eviate from a stra igh t lin e. possibl y because o f excess ive d ispe rs io n effec ts by th e
inj ection va lve on such sm a ll vo lumes .

Repl acing a, with th e m o re frequently used param eter H by utiliz ing the re
lationship at = to ( I + k ' ) H I ; 2 L - 1; 2 a nd plotting aga ins t V" (Fig. 6) gives a co mmon
straigh t line fo r th e two compo u nds with lo w ca pa city rati os ( < 3.6) wh ile th e third
com pou nd tk ' = 8.4 9) seems to d evia te a t large V" va lues .

50

30

10 .",

•

100 200 Ve(~I)

Fig. 6. Disper sion by injec tion of la rge vo lumes. effec tive vo lumc injec ted aga inst efficie ncy. Co nditions :
sec Fig . 5. Ve = Vi (1 + k') ' .

S im ila r res u lts ha ve been obta ine d fo r penicill in s in a re versed-ph ase sys tem 22
.

T he in flue nce of increasing inj ecti o n volume on the as ym m etry fa ctor. illus 
t rated in F ig . 7. in iti all y shows a n increasing tail in g tenden cy t ha t sta bi lizes a t a
characteri st ic level for each compo u nd when 50 111 ~ Vi ~ 20 0 Ill. With a fur ther
increase in Vi th e asym met ry d ecreases fo r moderat ely a nd highl y reta ined com
pounds. wherea s it increases ra pid ly for th e lea st re ta ine d co m po und . Thi s effect is
proba b ly d ue to th e asy m metric profil e o f t he vo lume inject ed ; fo r norzirnel idinc and
com pound [ the asymmetric pro file is smoo the d out when the com pounds are re 
ta ined a t the to p o f the co lum n .

The in fluence of the sa m p le vo lume o n th e resolut ion betwee n th e geom etrica l
isomers of norzirnelidinc, wh ich represent s a very di fficult sepa ra tio n". is illustra ted in
Fig. 8. The re solut ion decrea ses ra p id ly if Vi > 20 pi and is o n ly about 50 °/" of th e
m a ximal whe n 100,111are inj ected . T he efficien cy a nd selec t ivi ty o f th e ch ro matogra ph
ic system are so great . however. th at a base line se pa ra t io n (R, = 1.5) is still ach ieved
a t Vi = 190,111.
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2.2
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Fig. 7. Dependence of asymmetry facto rs on volumes injected. Condi tions : see Fig. 5.

1.0

0 .8

0.6

0.4

0.2

100 200 300 400 V i (1'1)

Fig. H. Dependence of resol ution on volumes injected . Chroma tog raphic co ndi tions : see Fig. 2. Injected
compo unds : nor zimelidine and its geo metric isomer. R, = R,,,,,, when Vi ~ 10111.

Application ( 0 studies ofpuritv
Altho ugh th e chromat ographic sys te m was develo ped ma inly for usc in bio

a na lyt ica l work, it was utilized in so me insta nces for control o f the purity of so me
ba tches of zimc lid ine a nd norzimcl idinc hyd rochl oride. Fig. 9 shows a n exam ple of a
chro matogram obtained from a hatch of norzimclid inc hydrochloride, which con-
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Fig. 9. Chro ma togra phic purity of a ba tch of norzimelidinc hydrochlori de. Sample : J flg of salt in 100 fll of
mobile phase. Chromatographic cond ition s: see Fig . J. Estimat ed degree of impurity: zimelid ine 0.2/;"
compo und I 0.5 %.

tained zime lid ine, the primary amine (compound I), the ketone (co m pound XIII ) and
some unknown compounds (a , b) as impurities , The amount of th e ketone (X III) is
di fficu lt to interpret rel iably as it ha s a very low ca pa city ratio (ca . 0.1) a nd is
frequently interfered with by front di sturbances that occur at k ' s 0.5.

The high selec tivity between geometrical isomers ca n be util ized fo r st ud ies on
iso meric purit y, as illustrated in F ig. 10. In an injected amount of 2.4 Jlg of zirnelid ine ,
0.01 % of its E- isomer ca n be detected . H owever, it is an ad vantage if the im purity
elu tes .before the main peak , because o therwise it m ay be mask ed by th e tail of the
large peak , so th e detect ion limit o fzim elidinc as a n impurity in the E-isom er (see Fig.
lOB) is sti lllower.

SYM BO LS

B = molar absorpti vity;

c~, C~ = init ia l concentrations of amine and pe rchlora te, respectively ;

C~"rg , C~"rg = eq uilibr ium co ncentrat io ns o f amine and pe rc hlora te, res pect ively, in
organic ph ase ;
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2 B A

IA = 0.002

2

Iii I I i

1

24624min 6

Fig. 10. St udies on purity from geo metric iso mers. A. Zimelid inc ( I) containing 2 ' ~;; o f E-isomer (2) ; S,
zimel idine c'-iso mer (2) con ta ining 0.3 ';" o f zime lidin c ( I). C hroma to gra ph ic co ndi t ions : see Fig . 3.
Amo un ts injected : 2.4 l ig in 80 p i of mobile phase.

C~ . C~ = equi librium concentrations of am ine a nd perchlorate. respecti vely, In

aqueou s phase ;

[H2Aj. [HAL [XL [H2AX2j. [HAXLr~ ' [H 2AX 2L. ~

speci es in the appro pria te phase;
concentration of respect ive

L~",~
[Aj

base d istribution co efficient ;

D ,\ (:\ \ = d istr ibutio n rat io of A as ion pai r with X;

K 'H, A first apparent acid dissociati on co nsta nt ;

(/ 11 + [Aj
[HA]

second apparent acid di ssociati on constant;

[HAXLf~

[HA][Xj
extraction constant (I + I) ;
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conditi on al ex trac tion con sta n t ( I + I);

II. u( H ,AX ,1

[H zAX zL~

[HzA][Xf

[HzAXz]
[HzA][X]Z

extrac tion con st ant ( I + 2);

cond it ional ex tr action con sta nt (I + 2);

ion-pair fo rm at ion co nsta n t;

k'r determ ined ca pacity rat io ;

1< = ca lcula ted ca pacity ratio .
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SUMMA RY

T he se para tion o f mo rph ine. codeine, nosca pinc a nd pa paverine in reversed
phase ion-pa ir chro ma tog raphy has bee n investi gat ed by means of sta tistica l optimi 
zat io n methods. The va lue o f th e ca pa city factor . a s a fu nc tio n of th e methanol- wat er
ra tio . pH and th e co ncen tra t ions o f buffer and ion-pair reagent. including th eir inter
actions, was st ud ied for each co m pound. It was shown th at. by usin g suc h meth od s.
conditions co u ld be chosen whic h essentia lly im proved the se paration a nd th at a
quant ita tive ch a racter izat ion of th e o ptim um region wa s faci lita ted.

1NTRODUCT ION

In th is paper we will di scu ss the a pp lica tio n o f fact orial de sign and re sponse
sur face cal cul ations to the o pt im iza t ion of a reversed -phase ion-p air chromatograph
ic sys tem . This analytical technique, pioneered by Schill and co-workcrs l" , ha s been
shown to be a powerful to ol for ionizable organic su bs ta nce s. During th e last few
yea rs th e rever sed-phase mode has become the sepa ra t io n method o f cho ice for many
ph armaceut ical products. M uch inte res t has been foc use d o n th e me chanism s in
vo lvcd'<" and on the influences of various add it ives in th e m obile phase. co unter ion s.
buffe rs, pH and io n ic str eng th o n the select ivi ty7- t o. O ne difficult y in eva lua ting th e
ret enti on me chani sm s ar ises from th e va ria tio ns in chromatographic behaviour due
to the differen t pr operti es of th e re ver sed-phase m at erial s. A th o rough d iscu ssion of
ion-pair h igh-perfo rm a nce liqu id chroma tography ( H PL C ) has recently been given
by Bidl ingm cycr ' ".

O ur ana lytica l pr o blem was to find a method fo r use in ro ut ine wo rk wh ich
wo uld accom plish a se para tio n good eno ug h fo r qu ant ificat ion of th e four a lka lo ids

0021-96D / X1/0000 -00001502.50 :.C·; 19XI Elsevier Scientific Publish ing Company
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F ig. I. Structures an d pK, val ues of the compounds.

morphine, codeine, noscapinc and papaverine (Fig. I) in a commercial solution .
Similar problems have been dealt with by Kn ox and Pryde ' ? who sepa ra ted mor
ph ine, codeine and pap aver ine on a 125 x 5 mm, 6-pm, Hypcrsil SAS silica co lumn
with methanol- water ( I: I) , contain ing 25 mM ammonia as the eluent. Wu an d Wit 
tic k 13 sepa rated a ll these fo ur a lka loids using two 300 x 4 mm pB ondapa k C I H

co lumns in ser ies and an aqueous mi xture conta in ing 25 ~/ll v[v ace tonitri le an d 100
mM NaH 2P0 4 , pH 4.8, as th e eluent. However, with thi s sys tem it was not possible to
qu antify morphine since thi s compo und was eluted too close to the so lvent fro nt.
Beside s, the tim e of ana lysis was very lon g, about 40 m in fo r the last com po und
eluted . For ro utin e ana lyses the tox ic and expens ive acetonitri le is a lso less suitable.

Optimiza tion of chromatographic conditi ons can be ach ieved by use of two
pri ncipa lly different app ro ac hes . Th e most usua l. but perhaps not always the most
successful, is to base the choice of chromatogra phic con ditions on knowledge and
exp erience with the sam ple and th e avai lable ch romatograph ic methods. Th is ap
proach is useful if a ll re leva nt fac to rs arc known and their importa nce in the ac tua l
cas e is well un der stood . The othe r possible route, which is useful when a ll circum
sta nces ar e not fully kno wn, is to seek th e optim um via a mathematical-stat ist ical
method . Th e grea t advantage of the latter approach is tha t no extensive che mical
ass um ptions have to be made and therefore the results are not subject to chemical
mod el er rors. However, chemica l kn owledge mu st still be used in the co nsideration of
the ch oice of varia bles, in ord er to red uce th e num ber of expe riments . Th e applicatio n
of statis tica l opt imizat ion methods. e.g ., factorial designs and sim plex. has been re
viewed !".

A number of optimiza tio n methods has been proposed fo r use in chromato
gra phy. Wat son and Carr" ap plied the simplex a lgorithm to optim ize a gradient
elution sepa ration, and used the chroma tographic respo nse fun ction (C RF) , origi 
nally proposed by Morgan and Deming! ", as a measure of the qua lity of the sepa-
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rati on . The CRF is a fun cti on of the experimenta l peak separa t ion for each pair of
peak s (origina lly defined by Ka iser !"), the desired peak separa tion, and the actua l and
accepta ble time of ana lysis. Sm its and co-workers'P -! " optim ized an ion-exch an ge
sepa ra tion using the simplex method an d chose " the informa tio n co ntent", P in f

r: I 210g s,
i ~ J

as a crit erion . Here II is the num ber o f peak s in a fixed peri od o f time and S, ex presses
the overlap between neighbouring pea ks. These authors a lso em phasized the d if
ficulti es in the choice ofthc qu alit y crit eri on. Gant et al. 20 de veloped an optimizati on
method based on scrn icmpirical estima tes of the capacity factor and the selecti vity.
Th ese valu es ar e then com bined with th eoretical valu es of plat e number for the Knox
equa tion to allow calculation of the resolution as a function of all experimental
par am eters. The consistency of theoretic al and experimental valu es is excellent. Ho w
ever. the genera l va lidi ty of the the oretical assumpt ion s in thi s approach is doubtful
for more complex LC sys tems. Another qu estion is thc applica bility of thi s approach
when deal ing with incompletely ga uss ian peak s. As discussed by C hristophe! ", thi s
markedly affects the reliability of resolut ion and plate number ca lculations. Recently,
some authors2 2

-
24 ha vc sugges ted that. instead of reducin g the chromatogram s to one

single figure. the opt imizati on ca n be carried out by mean s of va lues obta ined from
eac h pair of peak s. In thi s way the ris k of losing significa nt informa tion is dim inished.

EX PERIM ENT A L

Apparatus
A Lab orat or y Data Co ntro l Co nsta rnctric II pump. an Altex 152 Uv -dc tccto r

opera ted at 254 nm , a Rheod yne 70 10 injecti on va lve equipped with a 20-p l loo p and
a Vita tro n recorder were used. One 300 x 4 mrn )/Bond a pak C i ll column (Waters
Assoc.) was used throu ghout the ex perime nts.

Reagent s and solutions
Methanol, p.a . qualit y. was fro m May & Baker (D agcnham, Great Brit ain);

water was obtained from a Milliporc Supcr-Q syst em. Carnphorsulphon ic acid
(CSA). synthesis quality. fro m E. Merck (Darmstadt, G .F. R.). was used with out
purif icati on. Morphine. code ine. noscupinc and papaverine were of pharmacopoeial
grade. All other chemicals used were of reagent grad e and used as recei ved . Th e
water- metha nol so lutions were prep a red by weighing, and the vo lume rat ios given
were calcul at ed fro m the apparent densiti es. p H values were measured directl y in the
eluent becau se rep roducible result s were given pri ority ove r forma lly co rrec t measu re
ments.

Procedure
Th e sample was injected and the hold- up vol ume was determined by the first

detector signal deflection from the baseline. T he resul ting mean for al l injec tio ns was
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2.7 1 ml (S.D. 0.08 ml) . This corresponds to a total column porosit y of 0.72 which is in
good agreement with the literature va lue:" .

All measurements were made on equipment contained in a th crm ost att ed room
at 21.S"C. Approximately twenty co lum n volumes were pumped throu gh after each
cha nge in eluent. Each capacity rat io. k '; is the mean from three mea surem en ts.

To avoid biasing the results. a ll experiments were performed randomly. The
experim en t numbering in Table I is thus only for clarity and docs not represent the
o rde r in which the experiments were mad e.

Factorial design
In order to investi gate th e effect o f each component (va ria ble) in the eluent as

well as th eir possible interactions. a full fac torial design (F D) was ad opted as the
optim iza t ion st rategy . In a FD each va riable. 1'. is given two va lues. denoted by + or
- , defin ing th e experimental dom ain. see Fig. 2. For M varia bles. 2M experime nts
hav e to be performed to allow ca lculation of the magnitudes of th e effect s and th eir
int eractions (M = 3 in Fig. 2). The numerical values for the effect of one variable are
o bta ined by subtracting the respon se at the minus level from another experiment on
th e plu s level. The magnitude of th e mean effect of one variable, e.g .. "i - is the n equa l
to th e mean of these response differ enc es. The interaction effect between two vari
a bles. e.g., \'1 and 1'2' is calculated as th e difference between those response diffe rences
where the varia ble 1'2 has a high value a nd th ose where 1'2 has a low value. Thus if the
effect of \' 1 is different at the two levels of \' 2 thi s is seen from the numerical va lue for
th e calculated interaction 1' 1 x 1'2 ' A co mprehens ive treatment of the meth od has
been given prc viou sly'v'? ".

- ++8

-- +4"---r-~W3

I
10
I 000.--// 5 - + -

./
/

---1 2+--

7+++

6++-

Fig. 2. Schema tic rep resenta tion of a full factori al design for three va riables.

Response surface
A response surface was genera ted in o rder to get a better picture of th e prob

abl e opt im urrr' ". Our approach ha s three ba sic steps. (I) The experiment s were car
ried out accord ing to a "central co m pos ite design". In this design th e experime nts are
situa ted at the centre and on the perimeter of a circle. All peripheral experim ent s a re
placed with the same distance fr om eac h o ther. This design was later expa nde d with
fo ur experiments because the first eva luat ion of the data indicated that the optim um
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was located at the border of the experimental domain. (2) The data were fitted to a
mathematical model for the capacity factor

k ' = a o + al'Y 1 + azxz + a"x f + a4x~ + aSxl ·yZ

where X l = concentration (mM) of ion-pair reagent and

(3) Thi s model was used to generate a response surface contour plot.

RESULTS AND DISCUSSI ON

Screening experiments
As mentioned in the Introduction. our analytical pr oblem was to find a method

for use in routine work which would achieve a separation good enough to enable
qu antification of the four alkaloids morphine, codeine, noscapine and papaverine in a
commercial solution . A 300 x 4 mm jlBondapak C IScolumn was th e natural choice,
not least in view of the promising results reported by Wu and Wittick 13. Besides , most
ph armaceutical analyses are performed using CIS columns.

The screening exp eriments showed that it was difficult to separate morphine
from codeine without obtaining excessively high k' values for noscapine and papav
erine. Camphorsulphonic ac id (CSA) was chosen as counter ion and pH of the
eluent was kept between 2.0 and 7.5 to avoid destruction of th e column. Bad tailing
was noted when approaching pH values close to the pKa , and therefore we chose to
avoid this situation when both protonated and unprotonated alkaloids were pr esent
in the mobile phase. The values of pKa in Fig. I are for aqueous solutions; th e
corresponding valu es in methanol-water mixtures with differ ent autoprotolysis are
probably som ewhat high er?" .

The best situ ation achieved after the screening exp eriments is shown in Fig. 3.
Our problem now is to look for conditions for which the time of analysis is reduced
without causing any signific ant loss in resolution. It is also desirable to increase the
ret ention of th e first compound eluted to avoid possible interference effects due to the
solvent front.

The optimization
The choice of general quality crit eria is fraught with problems since th e re

quirements are often ambiguous and difficult to express in quantitative terms. In
order to solve the optimization problem we adopted a somewhat different strategy to
that used by some previous authorsI 5.16.1 9. It was convenient to study the influence of
the various variables on the k' valu es of the compounds since this quantity is welJ
defined and simple to evaluate. Moreover, a measure of the time of analysis is ob
tained from th e k' value. These valu es can then be compared with each other in order
to establish th e conditions which best correspond to the set requirements. However,
by using k' no measure of the separation between adj acent peaks is obtained . This is
not a serious drawback because, for a given separation system. there is a correlation
between the resolution and the differences in the capacity factors of consecutive
peaks.
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2

2 0 115 12 8 ..; min o

Fig. 3. Separation achieved after screening experiments. Eluent : meth anol- water (35 :65), 0.050 M . phos
phate buffer , 0.005 M CSA , pH 3.0. Column : jiBonda pa k C I M• Flow-ra te : 1.50 ml min - I, Elution order
with k' values in parentheses : I = morphine (0.5); 2 = codein e (1.0); 3 = noseapine (6.8); 4 = papaverine
(9.6).

Th e selection of variables and their values is a critical part of the optimizat ion
procedure and here chroma togra phic experience has to be used. If too man y var iables
are included there will be too man y experiments to perform; on the other hand. if too
few or the wro ng variables are chose n. valua ble informa tio n will be lost. Our choice
of variables included the eluent strength. the pH and the concen tra tions of phosphate
buffer and camphorsulpho nic ac id. Th ere are also practica l limits to the variable
ran ge. For exam ple, the buffer concen tration mu st be suffic iently high to maintain a
constant pH . Th e pH ran ge was chosen so that the ion-pair mode should prevail
during the experiments. The methanol and camphorsulphonic acid concentrat ions
were selected to give a reasonable change in retention from each varia ble.

Th e best eluent from the screening experiments was tak en as the origin of a
four-dimensional cube spanned by the coordina tes (values) of the four variables. In
Table I the coordinates for each variable in all the eluents are show n together with the
resulting values of the ca pac ity factor for each alka loid. Th e effects of the varia bles on
the k ' values of the alka loids were calculated as descr ibed in Factorial design. and the
results ar e given in Table II. A positive value indic ates that the compound has a
higher retention at the po sitive level and a negative valu e sho ws higher retention at
the negati ve level. It is seen that the effect of a vari abl e is greater for a substa nce
having a higher capacity factor. and th at the methanol - water ratio and the CSA
concentra tion have the greates t num er ical values and thereby importance. The effects
of the other varia bles are smaller and can be neglected from an optimization point of
view. Th e interaction effects were also ca lculated and the two-var iabl e interactions
are show n in Table II. Higher order interac tions were very sma ll and are therefore
omitted. It is not ed that the interaction between solvent strength and the CSA con
centra tion is of some importa nce. which mean s that the altera tion in k' caused by the
change in counter ion concentration is dependent on the meth an ol-water rat io . Fur-
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TABLE I

ELU ENT CO M POSIT IONS AND k ' VA L U ES OBTA IN ED FROM T H E FACTO RIAL DESI G N EXP ERI 
ME NTS

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

Exp t. M ethanol-water p H BulTer CSA ('0 11('11. k'
no, ratio ( v]»} COllell. ( M )

( M) Morphine Codeine Noscap ine Papa verine

I 311 :62 4.0 0.09 0.0 10 0.44 o.s: 5.19 6.79
2 311 :62 4.0 0.09 0.000 0.30 0.58 3.7 1 5.1I
3 38 :62 4.0 0.0 1 0.0 10 0.65 1.16 7.32 9.34
4 38 :62 4.0 0.0 1 0.000 0.27 0.54 3.53 4.83
5 38 :62 2.0 0.09 0.0 10 0.57 1.02 6.05 7.82
6 311 :62 2.0 0.09 0.000 0.24 0.48 2.29 4.13
7 38:62 2.0 0.01 0.0 10 0.73 1.28 7.42 9.55
8 38:6 2 2.0 0.01 0.000 0.24 0.48 2.89 4.1 0
9 32 :68 4.0 0.09 0.0 10 0.64 1.35 12.4 17.8

10 32:68 4.0 0.09 0.000 0.42 0.86 7.62 11.3
1\ 32 :68 4.0 0.0 1 0.0 10 0.95 1.88 16.4 22.5
12 32 :68 4.0 (J.() I 0.000 0.35 0.78 7.37 10.8
13 32 :68 2.0 0.09 0.0 10 0.1l8 1.78 16.0 22.3
14 32:68 2.0 0.09 0.000 0.32 0.69 6.0 1 9.33
15 32 :68 2.0 0.0 1 0.0 10 1.08 2.16 19.3 26.5
16 32 :68 2.0 0.0 1 0.000 0.29 0.66 6.18 9.4 2

TAB L E II

CA LC UL AT ED EFFECTS FROM T HE FACTO RIAL DES IG N SHOWING T HE VARIATION I N
k' CA USED BY THE CHANGE I N T HE EL U ENT (CA LCU LATE D FRO M TA BL E I)

Variable Morphine Codeine Noscapinc Papa verine

I Methano l- water rat io
2 pH
3 Buffer co ncn .
4 CSA concn.

Int eraction 1/ 2
Int eract ion 1/3
Int eract ion 1/4
Interact ion 2/3
Int eract ion 2/4
Int eraction 3/4

-0. 19 - 0.48 - 6.6 - 9.8
-0.42 - 0.072 - 0.3 1 - 0.58
- 0.096 -0.17 - 1.4 -1.6

0.44 0.79 6.3 7.9
0.0 11 0.033 0.59 0.69
0.0 11 0.029 0.4 1 0.57

- 0.11 - 0.25 - 2.9 - 4. 1

- 0.11 -0.19 - 1.5 - 1.8
- 0. 13 - 0.21 - 1.3 - 1.7

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

thermore, for all compounds the k ' values increase with increas ing CSA concentra
tion and decre ase with incre asing methanol-water ratio, as expected. If, for each
compo und, the magnitudes of these two effects are compa red, it is seen that for
noscap ine and pap a ver ine they are rou ghly the same. It sho uld be not ed, however,
that for morphine and codeine the CSA-concentration effect is approxima tely twice
as large which means tha t an increase in the CSA concentration will have a greater
infl uence on the first compounds eluted .

Th ese result s show that it sho uld be possible to cha nge selectively the capacity
facto rs by appro priate modificati on of the eluent. Our init ial sepa rat ion problem was
to decrease the k' values of noscapine and papaverin e witho ut affecting the values for
morphine and codei ne. Th is can not be accomplished simply by increasing the solvent



208 W. LINDBERG. E. JOH AN SSON. K. JOHAN SSON

strength since th e ca pacity factors fo r morphine and cod eine would still decrease.
However , the latter effect can be com pensa ted for by a co rrespond ing increase in the
CSA co ncent ra tio n. Accord ing to Ta ble II , an increase in the CSA co ncent rati on will
have a smaller influence on the lat er compounds eluted, the net effect being an im
provem ent in th e sepa rat ion.

When the coord ina tes from the scree ning experiment [met hanol- water (35:65),
5 mM CSA] were reflected through the best point from the factoria l design [met h
ano l-water (38: 62), 10 m M CSA] new coord ina tes were ob ta ined at [methanol- water
(4 1:59), 15 mM CSA ]. As is seen in Fig. 4, the experimenta l results and the calcu 
lation s are in good ag reement. Th e k ' va lues for noscapine and papaverine are 4.6 and
5.7, respectively, co mpared with 6.8 and 9.6 in Fig . 3. Th e reso lutio n, as well as the
distance to th e so lvent fro nt, ar e sti ll good eno ugh to allow qu antifi cati on of all the
peaks.

2

::r

! I I I J I
16 14 12 10 8 <5 4; "'I n 2 0

Fig. 4. Separa tion o bt ained by use of the resul ts from the fac tori a l design . Eluen t : methanol -wat er (41 :59).
0.0 10 M ph osphat e buffer, 0.0 15 M eS A . pH 2.0 . Other deta ils as in Fig . J . k' va lues : I. 0.6; 2. 1.1; J. 4.6; 4.
5.7.

The response surface
In order to test the va lid ity of the optimum found in th e factorial design a

response surface was generated with respect to th e two most significant vari ables. The
buffer concentrat ion an d pH were set at favo urable levels (10 m M phosphate, pH 2)
and the methanol- water ratio and the CSA concentrati on were varied in the area
where the optimum was ass umed to be sit ua ted. To avoid masking of the optimum,
the incre ments of metha no l and CSA were red uced to 1.5 v/v- part and 2.5 mM,
respec tive ly. Since the optimum was not in the centre of the exper imenta l design, this
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was enlarged with four additional experime nts. Multiple regression ana lysis was car
ried o ut with k ' as the de pendent varia ble. Th e inde pendent variables were the me
thanol -water ra tio and the CSA co ncentrat ion. their interaction term and their qu a
dra tic ter ms .

/'10RPHINC

Methano l -water r at io (v/ v )

4 4 : 5 6 01J

011 '°0

01 050

41: 59 20

<01 -:
~050

070 0 6 5

738 : 6 2 / ~

/ 09 -.
075

I I I

10 15 2 0 [ C S A1 /mM

Fig. 5. Res ponse surface of mor phine. T he numbers a t the iso rcspon sc contour lines a re the k' va lues.
Experimen ta l poin ts ar e mar ked with num bered rings.

Fro m the morphine response surface in Fig . 5 it is seen that, for a fixed meth
an ol- wa ter rat io. l; ' first increases and th en decreases with inc reas ing CSA concen
tration. Th is behaviour has been not ed before in ion-pa ir reversed-phase systems and
has been stu died by Horvath et al", It should be noted that the scal e on the
or dina te axis is expo nentia l. Also. th at the surface has a na rrow rid ge-li ke feature
which means that morphine is co mparatively more sensitive to the CSA concen
tra t ion than the other alkalo ids (see Figs. 6-R). T hese results a re in agreement with
those obta ined from the fact orial design (see Tabl e II). T he increasingly sha llower
curves in Figs. 6-R demonst rate the diminishing effect of th e counter- ion concen
trati on in the o rder: morph ine. codeine. noscapine an d pa paverin e. Maximum k'
values are obta ined for all fo ur alk alo ids at ca. 15 m M CSA. Fo r th is concentrat ion .
cha nges in the methanol-water rat io hav e less effect on k ' th an at, e.g .. 10 or IRm M.

By superi m pos ing the plot s from the first and last pea ks eluted as shown in F ig.
9. it is apparent th at strong retention of morphine and at the same tim e a weak
retention of pap averin e will be achi eved somewhe re in the sha ded ar ea. Outside this,
k ' for morph ine decrea ses fas ter than for papaver ine. We note th at the eluent com
pos ition suggested by the factorial de sign [methanol w ater (41 :59 v!v). 15 mM CSA]
lies within thi s a rea.
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Fig. 6. Response surface of codeine.
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Fig. 7. Respon se sur face of nosca pinc.
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Fig. 8. Response surface of pa paverine.
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The plot shown in Fig. 9 also illustrates that the con cept of "optimum con
d ition s" depends on the purpose of the separati on. Ch romatographers requiring high
speed of ana lysis and/or low detecti on limit sho uld co ncentra te on th e upper part of
the shaded area. On the other hand , accurate measurements are favoured by higher
resolution and thu s higher k ' values might be ad vantageous. as found in the lower
shaded parts. Addition ally, with increasing retenti on the pr obability of separa ting
and detecting possible impur ities or decomposition products is higher.

CONC LUS IONS

The utility of sta tist ica l methods for optimiza tion purposes in reversed-phase
ion-pair chromatogra phy has been illustrated . Such methods offer unique possibil
ities for judging the qualitat ive import ance of the con sidered variables, as well as for
providing a quantitat ive pic ture of the optimum region.
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SU M MA RY

A procedure for qua ntita tive ion -pa ir extraction of 4(5)-meth ylimidazole fro m
caramel co lour using bistz-cthy lhcxy ljphos pho ric acid as ion-pa ir ing age nt has been
develo ped . Furthermor e, a reversed-phase ion-pa ir liqu id chroma tographic sepa 
ra tio n method has been established to ana lyse the co ntent of 4(5)-meth ylimid azole in
the extracts . A ra pid and adeq uate separa tion was achieved on a co lumn of Nucleosi l
5 CH eluted with methan ol-O.2 /14 pot assium d ihyd ro gen ph osphat e- water
(32.5 :25:42.5) co ntaining 0.005 M so dium dodecanesulphonate.

T his meth od of de ter minat ion is superio r in speed and repeatabi lity to. and a t
higher co ntents o f 4(5)-methylimidazole gives a be tter acc uracy th an. the Wo rld
Health Orga niza tion method curre ntly officia l in Denmark . T he limit of detect ion is
estima ted a t 4 Jig/g.

IN T ROD UCTI ON

Carame l colours arc am on g th e most widel y used food and drug colouring
matt ers. Co mmercia l caramel co lour is mainly manu factured by a suga r- ammonia or
by a suga r-ammonia-sulphite reacti on pr ocedure. during which im idazole and py
razi ne de riva tives a rc formed . Th e co ntent of 4(5)-methylimid azole (4- MeI) has a t
tracted specia l attent ion du e to its poss ible to xicity. At the present time. as a pre
ca utionary measure, the World Health Organiza tio n has spec ified the acce pta ble limit
of 4-Mel as 200 ppm based on a ca ra me l co lour having a co lour int ensit y of 20,000
Eu ro pea n Brewery Co nve ntio n (E RC) units ' :

Since caramel colour is produced on a lar ge sca le. a test for 4-Mel is ofte n don e

* Present address : La bora to ry o f the Technical Secretariat o f the Eu ro pea n Pharmacopoeia Commis
sio n. Council of Europe. 1'-67006 Stras bo ur g, France.

002 1-9673/Xl /OOOo-OOOO/$02.50 Ij') Il}X I Elsevier Scientific Publish ing Com pa ny
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and a fas t and re lia ble method is th erefo re req ui red. So fa r several meth ods and m an y
improv em en ts co nce rn ing both the ext raction an d the final determinati on have bee n
pu blish ed . The officia l method in Denmar k 1 is based on the work of Wilks et al.2 an d
invol ves so lvent extractio n of a semi-d ry mix ture of the sample and di a tomaceou s
earth fo llowed by a gas chromatogra ph ic (GC) a na lysis. The extracti o n ste p was
su bseq ue nt ly cha nged by Wilks et al.". Ot her isol a tion techniques arc a lso used , such
as ion exc ha ngev" a nd so lvent extract ion 7--9 . The a na lys is o f th e ext ra ct has a lso been
th e subject of mod ificat ions, for instance thro ug h th e in troduct ion of 2-methy limid
azo le as intern al standa rd :'. th e convers ion into the acetyl derivat ive befo re GC5

•
7

,

th e use of a nitro gen specific det ec to r" o r applica tion of rever sed -pha se ion-pa ir liqui d
chro ma tography". None of th e m odi ficati on s, however , co ns ti tutes decisive improve
m ent. For instance, th e a ltered procedure of Wil ks et al. ' was fo und to be subject to
interference from a n unknown extracted fro m some batches of caramel co lo urs . bias
ing th e interna l standa rd 10. Furthermo re, no ne of the pu blished me th ods was foun d
to have a dyn am ic range of determinat ion exceed ing 200 pg/g of 4-M el.

A ll of the a bove methods are ver y tim e-co nsuming. In particula r, when a high
accuracy is need ed , the workable methods req uire an a na lysis time equ ivalen t to not
m ore th a n fou r sa mples per person per d ay, T his problem is mainly ca used by in
sufficien t ex traction, j usti fy ing a closer exa mi na tio n. T his paper de scri bes a n io n-pair
ext ractio n proced ure a nd a h igh -p erfo rm a nce liqu id chromatographic (H P LC) scpa
ration a nd their va lida tio n for th e de term ina tion of 4- Me l.

EX PER I M ENTAL

Appara tus
Concentrat ions of 4-McI in aqueo us phases were determined by a bsorbance

measurem ent s a t 215 nm using a Beckm an Ac ta III spectro pho tom eter. p H va lues of
the aqueous ph as es were read from a Rad iometer Model PH M 64 pl-l-m cicr.

T he liquid chrom atograph compri sed a Kontron Model 410 LC pu mp. equ ip
ped with a Ko nt ro n Mod el 8 11 pul se dam per. a Rh cod yn c Model 7125 injecti on va lve
and a Pye Unicam LC UV detect or. C h ro ma tograms were reco rded o n a K ipp &
Zon en Model BD -8 reco rd er , a nd re te nti o n and a rea data were measu red a nd pro
ces sed by mean s of a Hewlett-Packard Model 3353A laboratory dat a sys tem.

T he ga s chromatogra ph was a Hewlett- Pac kard Mod el 5840A eq uipped wit h a
flame ion izat io n de tecto r and a Hewlett -P ackard Mod el 7672A a uto mat ic sam pler.
Ch romat ogram s were rec o rded o n the plotti ng integra tor of th e gas chroma tograph.
but th e peak heights were measured a nd conten ts ca lcula ted manu all y.

Chemicals and reagents
4-M el was o btained from F luka (Buchs , Swit zerland) , Bis(2-eth ylh exyl)

ph ospho r ic ac id (DE H PA ) wa s obta ined from BDH (P oole, Great Brit ain ), DE H PA
was pur ified a nd ch loro fo rm was freed fro m etha no l. both by repea ted extractio n
wit h 0. 1 M pho sp horie ac id . C h lo roform as we ll as a ll the o ther reagen ts were of
an alyti cal grade a nd we re o btai ned from E. Merck (Da rms tadt. G .F. R.). Phosph a te
buffer s had a n ion ic strength of 0.2 M a nd conta ined po tassi um as the o n ly cation.

In form at ion about the carame l co lours investigated is provided in Ta b le I. The
isoclcctric poi nt s were determined accord ing to Wh ite and Munns! ", wherea s the
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T A BLE I

T HE CA RA M EL COLO URS INVESTI G AT ED

215

SIIII/p!e 110 .

I
1

:1
4
5
6

7
X
l)

10
II
12
13
14

Manu factu ring procedure

Ammon ia process

Ammonia su lphite process

lsoclcct ric point:
I' ll

4 5
6
4 5
5

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5

Colour int rnsity
( ERC unit s}

43.340
46.660
32.000
20.000
36.000
29.340

20.660
3 1.340
26.0 00
46.660
43.340
48.000
45.340
30.000

co lour in tens it ies were mea sured in EBC unit s in acc ordance with th e sta nda rd of th e
Euro pea n Brewery Convenlion l 2

.

lon-pair ext roc/ion
A 2.50-g amount of ca ra mel co lour was d ilut ed with 15 ml of 0.2 !vi ph osphat e

buffer, pH 6.0. in a 20-m l measur ing cylinder. After mixin g, th e pH was adjusted to
6.0 by dropwisc additi on of a pot as sium hydroxide so lut ion. Fina lly th e cylinder was
filled to the 20-m l mark with the ph osphate buff er.

Four m illilit rcs of th is sa mple so lution (eq uiva len t to 0.5 g ca ramel colou r)
were extracted in a screw-ca pped centrifuge-tube with 4.00 ml of 0.1 !vi DEHPA in
chlo ro fo rm by sha king for 0.5 min . Afte r sepa ra tion by centrifugi ng. 3.00 ml of th e
chlo roform phas e were transferred to a new centrifuge-tube co nta ining 3.00 m ] of 0. 1
M phosphoric acid . By sha king for 0.5 min the co ntent of 4-Mel was rc-cx trac ted in to
the aqueou s phase. which afte r sepa ra t ion by centrifuging is rea dy fo r the final de
termination.

The resulti ng aqueou s pha se of th e back-extract ion contains three quarters of
the 4-McI co nten t origi na lly present in the amo unt of caramel colou r sam pled. The
ion -pair extraction pr oced ure is illust rated in Fig. I.

lou-pair chro ll /(//ograph v
Sta inless-steel co lumns (120 x 4.6 mm J.D. ) from Kn a uer (Berl in. G .F .R .)

were packed with Nu c lcosil 5 C H and 5 C II; (5 pm) (M achcrcy, Nagel & Co .. Duren.
G .F. R. ) accordi ng to a previou sly described procedure' :' . The efficiency of the col 
umn s. expressed as the number of theoret ical plates. N. mea sured for naph thalen e
when eluted by 80 ~ :';l an d 90 ';'u me than ol, respecti vely. in wa ter a t a fl ow-rate of ]
rnl/m in , was 9000 fo r th e CH a nd the C 1H column al ike.

T he elue nt was methanol - O. 2 !vi po tassium d ihydrogcn ph osphat e- wat er
(32.5:25:42.5). a nd sod ium dod ccancsulphon utc was added as co unter ion a t a co n-
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Extr act ion

Caramel colour

sampl e 0.5 9

1
pH - 60
Vo lume - 4 ml

0 .1 MDEHPA
In ch loro fOftT'

4 00 ml

1

1

Shaking

Separation

M . T HO MSEN. D . WILLUMSEN

ITransfer
Chlo roto rrn lave'
3 ,OOml

Beckexteecn on

Shaking

Separat ion
Quant itative

determ ination

Fig. I. Ion -pair extraction proced ure for quan titati ve sepa ra tion of 4-Mel from car amel colour.

centrut ion 0 1' 0.005 M . A 20-JII vo lume of th e resulting aq ueo us phase from th e back 
extraction was inject ed .

Official method
T he extrac tion was perform ed according to th e officia l sta ndard I modified by

usin g two rc-ex tractions with 10 011sulphur ic acid instead of one . A gla ss co lumn
(I ~OO x 2.0 mm 1.0 .) was pack ed with 5 ~' ; ) Carbowax 20M a nd :2 ' j;; pot assium
hyd roxide on Chromosorb W AW OMCS (lW-IOO mesh ) (M ach crcy. Na gel & Co.).
The temperatures of th e injec to r. co lumn and detector were 240. I~O and 240 'C
respecti vely. The carrier gas was nitrogen at a flow- rat e o f 30 ml /min . A 2.5-Jd vo lume
of sample so lut ion was injected .

RESULTS AND DI SCU SSION

Ion-pair extract ion
T he determ inati on of 4- Me l in ca ra mel colour requires a prior iso lat ion step

du e to the nature of th e co louring matter. The hydrophilic charact er of 4- Mcl leads to
a low effic iency of extract ion with most organic so lvents. making a qu antitati ve
iso lat ion d ifficult . Using a n ion-pa ir technique. part icularl y in com bination wit h
add uct formati on . a more hyd ro ph obi c product ca n be o bta ined .

Wo rking with a simi lar problem . Mod in and Joh an sson!" used OEHPA for
the isolati on of am ino pheno ls a nd am ino alcohols as ion pairs. But eve n though the
pKa va lue of 4-M el is kn own to be 7.6 15

• it was not possibl e to a pply the techn ique to
4-Me l on the basis of the genera l proced ures proposed by Mod in I I>. It was necessa ry
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to de ter mi ne ex perime n ta lly th e optim um pH fo r th e ex trac tio n in o rde r to ac hieve
full recovery with o ne extract io n o nly. This wa s done by measuring the net d istri 
butio n ra tio . D. of 4- Me l between the o rga n ic a nd aqueous ph ases using a sta nd a rd
so lutio n of 4- Md extracted a t differen t pH va lues and d eterm in ing the co ntents
spect ro pho tornctr ica lly, T he resul tin g rel ati onsh ip between the logarithm of D a nd
pH can be seen in Fi g. 2. The ex tra ct io n with 0.1 1'.1 D EHPA in th e orga nic phase is
virtua lly co m plet e at pH 6.0 in th e aqueous ph ase . Under th ese co nd it io ns 4-M el is
as sumed to form an ( I + I ) io n pa ir with D EHPA co m bined with a n ad d uc t co ns ist
ing of 2 moles of D EHP A 17

. T his me an s th a t gro ups conta ining 48 a lky l ca r bo n
a to ms in a ll arc co up led to th e ca tio n. thus a llowi ng full reco ver y by o nly o ne ex trac
tion into ch loro fo rm. F ur thermore, this pr ocedure has th e furthe r adva n tage of yield 
ing a clea n ex trac t. du e to the se lec tivity in the co-ex tract io n a nd th e detenti on of th e
counter ion in the orga n ic ph ase during th e ba ck -extracti on .

Lo g D .
r:

/ ' \
0

'\ ' . 1

2/ .
4 5 6 7 .~. 10 11 12 pH

- 1
<,

/
. .............

-2 (
Fig. 2. Relat ion betw een logar ithm o f (he net dist r ibution rati o a nd p H for 4-Me l. The extrac t ions were
perfor med with eq ual vo lum es. the or ganic phases initia lly co m prising 0.1 M D EHPA in ch lor oform and
the aq ueous phases co m pris ing -l-Mc l in a ph osphate bulle r.

/ 01/ -/1(/ if" clirot I ta I ographv
The usc of a n ion-pa ir technique for the chro matogra p hy o f a hyd rophilic and

ionic subs tance such as 4-M el is a n o bv io us approach . D avis and Hart ford '! used
hcptuncsulphonarc as th e ion-p ai rin g agent and an octu dc cy lsilyl bonded silica as
suppo rt. In our view the chro m a to graph ic syst em sho uld in this ea se be ba sed on
d od ccancsu lphonat c as co un ter io n a nd octylsilyl bonded silica as suppor t, according
to a study o f Hclboc and T homs en!". Using Nucleosil 5 ell as the sup po r t. a suita ble
co m positio n of the elu ent was found to be m eth an ol -O r? M potassium d ihy d rogen
ph osphat e-water (32. 5 :25 :42 .5) with 0.005 M so d ium d od ccun esulph on at e.

The sepa ra tion co u ld al so be ca rr ied out on ocia decy lsi ly l bonded si lica. for
instance Nuc lcosil 5 C I Il • but th e methanol content o f th e eluent co uld not be in
crea sed . d ue to inter fere nce by a peak from ch lo roform with wh ich th e aq ueo us phase
is sat ura ted during the ex traction . T he chromat ogr aph ic beh a vio ur of 4-M el and
chl o roform in th e systems presen t can be see n in Fig. 3. T he d ifference lead ing to
intersection of the curves in th e ra nge of interest is due to different re ten tio n mecha
nism s of th e two substa nces. 4- Me l seems to be ret a ined pa rt ly as an io n pair by a
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rever sed-phase mechan ism and part ly by a ca tio n-exc ha nge mech anism . The non
ion ic, hydrophobic subs ta nce chl oroform seems to be chroma togruphcd acco rdi ng to
a pure revers ed -phase mechan ism . Th e different retent ion mechani sms arc influ enced
to di ssimilar exten ts by cha nges in th e elution strengt h o r the elue nt . lead ing to
in tersections of the curves, Additiona lly. Fig. 3 shows that octy lsilyl bonded silica is
th e more powerful o r th e two suppo rts with respect to selec tivity or th e two sub
stances in th e range investigat ed .

15

10

k '

5

30 35 40 45 50

Me th a nol in e lue nt (pe r c ent)

Fig. 3. Th e behav iour of 4-Mel (A) and chlo roform ( e) on Nuclcosil C. (------) and C.. t - - - ) colum ns.
expressed by their capacity factors. k' ; as a function of the percent age of metha no l in the eluen t contain ing
0.05 M pota ssium dihydrogen phosph ate and 0.005 AI dodccancsulph onurc.

The det ecti on wavele ng th wa s ch osen on the ba sis o f th e ab sorption spectrum
or 4-Mel di ssol ved in th e eluen t; th e ma ximum absorption was fo und at 2 15 nrn .
Chromatograms or ca ra me l co lours manufactured by the ammonia and by the
ammonia- su lphite process respecti vely are depicted in Fig. 4.

Linearity, r (' c O \ '(' /".I' and detection fi ll/ i t
T he linearit y of the det ect or response and the ca pa bility o r the ext ract ion

pr ocedure were inv estigat ed at the same t ime. Samples o f caramel co lo ur from the
same batch and eq uiva lent to 1/4. 1/2. I. 3/2 and 2 times th e usua l q uan tity were
extracted and a na lysed acco rd ing to thc described pr ocedures. The res u lts obtained
a rc shown in Table II ; a regression a na lysis sh owed a sma ll int er cept and a sat isfac
to ry correla t ion coefficient.

The recover y or 4-McI fro m ca ramel co lou r wa s inve sti gated usin g a sta nda rd
amount with different addi tions of 4-M el. Th e resu lts o bta ined are in Table II I. O n
the basis of these results. which demonst rate an excellent linea rity and a quant itati ve
reco ver y. it was decided to per form th e qu antitati on s using standa rd so lutio ns of o ne
co ncentra tio n o nly.

T he det ect ion lim it o f th e ion-pa ir meth od was invest igat ed by severa l co n
sccut ivc determinati on s o n a sa m pic contain ing a sma ll amount o f 4-Me l. From the
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15 min
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A

Fig. 4 . Chromat ograms of caramel co lo ur s m anu factured by the amm o nia pro cess (A) and by th e am
monia sulphite process (B) . Su pp ort: Nuclco si l 5 C K• Elu en t : metha no l 0 .2 M po ta ssium d ihydrogen
phosp hate - wa te r (32. 5 :25 :42.5) co n ta in ing 0.00 5 M dodccancsu lphonat c: flow -ra te I ml /m in. D etec tion :

215 nm . Pea ks : I = chlo ro fo rm ; 2 = 4- Mcf (A . 170 /'gjg ; B. 142 /lg/g) .

TA BL E II

LIN EARITY OF EXT RACT IO N AND C H RO M AT O G RAP H IC DET ERMINATION FO R DIF
F ERENT Q U A NTITI ES O F T H E SA ME C A RA M E L COLO U R

Linear regression a na lys is: co rrela tion co effic ient, r = 0.999; in te rce pt = - 0.X2.

Sampl« si:«
(g)

4-Mcl
[ounil
( JIg)

0. 120
0.24 1
O.4XI
0.722
O.W>3

'J.O
I X.5
41.X
61.7
79. 5

resu lts obtained the det ecti on limit wa s estimated as three tim es the standa rd dcvi
a tion of th e results. 4 /lg/g fo r a single determ ina tio n .

RepeaiabiIi '.1'
The rep eat abilit y of the ion-pair method wa s co m pared with that of th e o ffic ia l

method! by carrying out ten subseq ue nt extracti o ns and quant itutions acc or d ing to
bo th methods a nd usin g the sa m e caram el colour sa m ple. The results obtained arc in
Ta ble IV. from which it a ppea rs th a t th e ion-p a ir me thod sur passes th e o fficia l
method in respect of th e re pea ta bi lity . Concern ing th e speed o f th e method s. the io n
pair meth od is about three times fa ster than the official one,
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TABLE III

RECOV ERY OF 4-Md FROM SPIKED CARAM EL CO LOU R SAMPLES AFTER EXT RA CTION
FOLLOWED BY CH RO M ATOG RA PHIC DETERMINATION

4-MeJ ( ug}

Added

o
13
53

132
265
529

Found

42
55
96

178
31 3
593

Recover,
('\)

100.0
101. 0
102.3
102.0
IOU

TABLE IV

COMPARISON OF T HE REPEATABILITY OF TH E ION-PAIR M ETHOD WITH T HE OFFICIAL
M ETHOD

M e/ hod A l'eruge. Stan dard deviat ion.
~'lO s:
( ug tg ) ( "; ,)

Ion-pair
Ofli cial

92.6
92.7

1.5
4.1

TABLE V

4-M cl CONT ENT S OF VARIO US CA RA M EL COLOURS DETERMINED BY T HE ION-PAIR
M ETH OD AND BY T HE OFFICIAL M ETHOD

Caramel colour no.4-Mel (ppm per 20,l)( )() EBC units)

2
3
4
5
6
7
8
9

10
II
12
13
14

lon-puir meth od

351
143
82

170
6.6

10.1
139
66

123
34 1
272
145
149
62

O/lit'i,1!m etho d

310
119
83

170

136
62

109
295
246
125
121
56
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A /I ll lyses
The co ntent o f -l-Mc l in vari ou s caramel colours was de termined by duplicat e

det erminati on s by bo th th e ion-pair method a nd the officia l method. T he res ults arc
pres en ted in Table V and arc expressed by reference to a standa rd colour intensi ty o f
20.000 E BC units. as recommended by the European Brewery Conve n tion.

The results of both meth ods wer e tested for hom ogeneity of varia nce at th e 5 ~. ' \l

leve l with Bartlett' s tes t acco rdi ng to Youdcn !", usin g the relati ve sta ndard de viation s
from duplicate determinat ion s. The test co nfirms th at homogen eity of va ria nce exists
for bot h met hod s.

Com pa riso n of th e results with th e co nfide nce intervals det ermined o n th e ba sis
of the poo led rela tive sta nda rd deviat ion s fro m each method shows th at . a t th e 99 Il::
level and at co ntents o f 4-Mci higher than 300 Jig/g. th e ion-pair method gives results
sign ifica nt ly gre ater th an those of the offic ial method . Moreover. from th e reco ver y
results in Table II I. it a ppea rs th at at high levels of 4-Melthe io n-pa ir method ha s a
better accuracy tha n the official method .
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S U M MA RY

Refractometric detect ion ca n be used as a con veni ent a lte rna t ive to ninhydrin
colorimetric or polarimetric detect ion in ion-exclu sion chromatogra phy of neomycin .
T he determination of th e rela tive amounts of neomycin Band C using differen t
detecti on methods is exami ned . The use o f a resin of sma ller gra nu lome try a nd a
med ium- pressure chromatographic a ppara tus red uces th e a na lysis tim e to less th an
25 m in.

INT RO D UCTI O N

Neom ycin is a co mplex m ixture o f ba sic wa te r-so lub le a ntibio tics produced
du ring ferme ntation of St rcptomvces [radiae". Th e ma in ac t ive co mpone nts of th is
mi xture are neomycin B (Fig. l a ) and its ste reoisomer neom ycin C (b )". An other
co m po nent, neomycin A. iso la ted from the mi xture:' a nd pro ved to be iden t ica l with
ncarnine (g), can be o btai ned by partial hydrolysis o f neomycin B or C4

•
5

. Other
der iva tives isolated from th e mi xture are neomycin LP-B and LP -C (LP = low
po tency) . which arc the mono-N-acetyl derivati ves (c. d) of co m po nents B and Cb

,7 .

Related products, isolated from commercial samples o f neomycin, arc paromam ine
(h) . paromomycin I (c) and paromomycin II (f)8. Preparat ive chro m a tography of
co mmerc ia l sam ples in o ur laboratory co nfirmed th ese find ings" . In add ition to th e
co nst ituents already menti oned . mono-N-aeetyln eamine (i) was isol at ed to gether
with minor co m ponents design at ed as G and K. Com po ne nt G is a O- (diaminodi
dcoxyhcx osylunyoinos ito l, K is a neomycin B or C molecul e lac king th e neosamine C
part link ed to de ox ystrcptam ine.

The antim icro bia l pot en cy of co m po nen t C is lo wer th an th at of neomycin B.
T he po tency ra tio va ries with the m icroorgan ism and experi men ta l condi tions used in
th e microbi ol ogical ass ay !" , A n accep ta b le precision fo r th e latter can onl y be o b
tained if th e co m position o f the un kno wn prepa ra t io n is fair ly sim ilar to tha t of the
sta nd ard preparati on . Thus a determinat ion o f th e rela t ive am o unts o f neomycin B
and C ha s to be incl uded in analysis o f co m mercia l neom ycin . C hro matogra phic

002 1-9hD;Xl jOOOO-{)OOOj$02.5 0 .(', 19XI Else vie r Scie n tific Pu bl ishi ng Com pa ny
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Neosam i ne C

~
Ft.' 0H H OesQxys treptamln e

H D12 H NH2~H NHR) H H

o "
H HO "~O H H NH2

o H H H
HOCH2 H

H O -Rlbos e
H H QH

o
"2

Ne osa mine 8 : R1= H . R2 =CH2NH2

C: R1= CH2 NH2. R2 =H
OH

~ ~ R3 RI,

a Neomycin B H CH2NH2 H NH2

b Neomycin C CH2NH2 H H NH2

c Neomycin L P- B H CH2 NH2 A c NH2

d Neomycin L P-C CH2 NH2 H A c NH2
e Paromomycin I H CH2 NH2 H OH

f Poromomyci n II CH2NH 2 H H OH

q Neomine H NH2

h Poro momine H OH

Neomycin LP- A Ac NH2

Fig . I . Structure of different neomycin co mpo nents .

sepa rat ion of the stereoi somers neomycin Band C is quite difficult . Some paper and
thin-layer chromatographic systems are successful as mentioned in a recent review 1 l

.

More suitable for routine determinati on s of neomycin B and C are column chro ma
tography on stro ngly basic ion -exch ange resin (referred to as ion-exclusion chro ma
tograph y), gas -liquid chromatography (GLC) or trimethylsilyl dcri vati vea' <"!" and
high-perform ance liquid chromatography (H PL C) after d initrophenylation 1 5 . In our
opinion , chromatography on an ion- exchange column, wh ich requires no pre-column
deri vatizations, seems to be the simplest procedure. It ha s been described for the
analysis of fram ycetin 10 (which is neom ycin with less than 3 '~ ; , neomycin C) and
kanamycin using co lorimetric detecti on afte r react ion with ninhydrin 1 7 .1 H, polarimet
ric detection 19.20 and conductometric detecti on 2 J . It was found that refractometry
could be used for the det ection of these aminoglycoside antibiot ics. So we decided to
determine the relative amounts of neomycin Band C in neomycin by the last method
and to compare the results with data obtained by previ ous methods.
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Column and pump
(A) Pyre x glass co lumns (40 x 0.6 em 1.0. or 20 x 0.6 em 1.0.), with jackets

allowing temperature control by circulation of water, were pro vided with a glass tube
outlet (2 mm 1.0.) scaled with PTFE and a sta inless-steel capillary. Th e outlet was
plugged with acid-washed glass wool. Th e top of the column was also plugged with
glass wool and closed with a rubber septum. Carbon dioxide-free distilled wate r was
delivered at a con stant rate by a Pharmacia P 3 peri staltic pump through a side-inlet
at the top of the column (F ig. 2).

Rubber septum

Glass w ool+;J:~~-Inlet

Water lacket

Waste

Glass wool

St ri p c har t
re cord er

Ci r cula ti ng Tap wat er
water bat h __ ~ c oo l i n g

8 -

Fig. 2. Low-p ressure chromatograp hic appa ratus using a glass co lumn (40 x 0.6 em I.D.) .

(B) A stainless-steel column (L i-Chroma 30 x 1.0 em 1.0.; AIJtech Europe,
Eke, Belgium) was provided with the necessary end fittings and low dead volum e
metal tubing. The usual fritted met al discs were replaced by porous pol yethylene discs
of the same diam eter, which had a considerably lower back-pressure. Sheets of thi s
material were purchased from Allt ech Europe. The column inlet was connected to a
Model CY-6- UHPa-N60 injector (Valco, Houston, TX, U.S.A.). Carbon dioxide-free
water was delivered at a con stant rate (46-460 ml/h) by a Milton-Roy reciprocating
piston Min i pump, provided with a Bourdon-type pressure gauge, which also served
as a pul se-damper. A stainless-steel column (10 x 1.0 em) , filled with AG I-X 2 resin
(OH -), was placed between the pressure gauge and injector to remove all trace s of
CO2 from the eluent. The column temperature was held constant by immersing the
column vertica lly in a bath of circulated wat er.
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Detector
Glass and metal co lumns were connected by PT F E tubing (0.3 mm J.D.) to a

Waters R-403 Differential Refract ometer. Th e refra ctometer was therm ostatted at 10
or 20°C using a Varian 4100 water-bath , which operated continuously to avo id base
line dr ifting. For work at 10' C, cool ing of the wat er-bath by a Ha ake-Cryostat
instead of tap-water was necessary. Th e trapped reference cell of the refractometer
was filled with water. With a usual sample load of 10 mg neomycin sulphate, the
atte nuatio n sett ing was x 8. Th e refractometer is a semi-prepar ative type which has
the advanta ge of a lower back-pressure than the analytical R-40 I model (ca. 4 kg/ern?
at a flow-rat e of 270 ml /h), The analytical type can be used with steel co lumns when
the connection between the column outlet and refractometer is made of metal tubing
instead of PTFE. Both types gave the same results.

Th e detector signa l was recorded on a Kipp BD40 reco rder with a cha rt speed
of 10 mm/rnin . Thi s high speed was chosen becau se the precision is higher when
measur ing larger peak areas. The peak areas were approxima ted by triangulation or
determined with a HA F F 317 Polar Planimeter.

A Th orn PL Type 243 photo-electric polarimeter was provided with a flow
through cell (2 x 0.4 em J.D .) which was thermosta tted at WC (to avoid bubble
formati on in the cell). Th e output of the po larimeter was shunted to give a l -cm
deviat ion on the recorder for a L1 a of 0.00 I ".

Reagents and materials
Neomycin sulphate was obtained from Roussel -Uelaf (Romainville, France).

SIFA (Par is. France) and Upjohn (K alam azoo, MI. U.S.A. ). The free bases of
neomycin B and C were isolat ed as descri bed previously". The weight loss on drying
these products was 10.0 and 5.5 %, respectively.

Th e concentra tion of sample solutions was 100 mg/rnl . Bio-Rad AG I-X 2 resin
(CI -), 200-400 mesh and - 400 mesh, was obtained from Bio-Rad Lab s. (Richmond.
CA, U.S.A.). Carbon dioxide-free water was obtained by bo iling and cool ing double
glass-di stilled water.

Procedure
Th e resin (0 -) was suspended in ca rbon dio xide-free water and pou red into a

glass column (3 em J.D.) , prov ided with a fritted glass disc (porosity No . 2) and a 500
ml solvent reservoir. Th e settled resin bed was washed with I N sodium hydroxide (ca.
500 ml per 15 g resin) until the eluate was free from Cl-. In order to exclude CO 2

from the atmos phere, a soda -lime trap was placed on top of the column. The flow
rate was adjusted to 20-25 ml /min by mod erat e vacuum or nitrogen pressure. After
removing the chloride ion, the resin was washed with car bon dioxide-free water unt il
the eluate was neutral to universal indicat or. A slurry of the resin in carbon dioxide
free wat er was used imm ediately for filling the analytical co lumns.

(a) Th e top of the glass analytical co lumn was connected to a glass tub e (70 x
0.6 ern), in which the slurry was poured. When the resin-bed had sett led, the excess of
resin above the inlet was discarded and replaced by acid-washed glass woo l. The
opening was closed with a tightl y fittin g serum cap. Sample injections (100 III so
lution) were made through this septum with a 100-1l1 Hamilton syringe.

(b) A 50-cm met al tube was connected to the metal analytical column . Five
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millilitres of ca rbo n dioxide-free wa ter, followed by the slurry of resin (O H -), were
poured int o the co lumn. Ca rbon dioxide- free wa ter was pumped for about 20 min a t
a maximum flow-r at e of 460 ml /h .

RESULTS

All chroma tograms were run on anion-exchange res ins (O H - ), Dowex I-X2 or
the an alytic a l grade (AG) produced by Bio-Rad . Th ese resins consist of a pol ystyrene
latt ice cross -lin ked with 2 ~~<) divinylb enzene. carryin g qu at ernar y am monium gro ups,
- C H2- N + (C H3h. Th e chro ma togram obtained on a column (40 x 0.6 ern) of Bio
Rad AG I-X 2 (200-400 mesh ) a t 20T with a flow-ra te of 60 ml /h , requiring I h 45
min, is shown in Fig. 3a . Lowerin g the column temper ature to lo ne increases th e

w
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::: E
e

c w ro
o, ca,

u ---' "0c-,
C c

E c: ro
0 u CJ
E '>,

<{ V>
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0 E ... .;. 0

ro w 0 c
c c, z w w ---'
u Z

c: ~
0 w

>- Cl- c
E E E ro
0 0 ro ~

E u w w

0 Z c
~
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c,, I I

120 90 60 Min

(bJ

25 20 15 10 5 Min
Fig. 3. a, Chro matography or neom ycin sample U XZ- 336 obtained on Bio-Rad AG I-X2 (OH - . 200-400
mesh) in a 40 x 0.6 em column at a flow-rate of 60 ml /h . The position or the different neomycin com
ponents is ind icated. b, Chro ma tog ra phy or neom ycin obta ined on Bio-Rad AG I-X2 (OH - . - 400 mesh)
in a 30 x I em column at a flow-rate or 270 mlJh.
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ca pacity factors, resolution between neomycin Band C, the number of theoret ical
plates, but also the analysis time. Th e use of a shorter column (20 em) a t IO"C reduces
th e elution time (Table I), but in our opinion th e increased co lumn efficiency at lower
temperature does not ju stify a more com plicated thermostating procedure. The an al
ysis time s in Table 1 include the elution of paromomycin I, which may be pre sent in
some samples. Since onl y the neomycin Band C peaks are of interest in our experi
ments , two co lumns can be used altern ately, one being co nnected to the det ector
while the other is rinsed .

TABLE I

CHROMATOGRAPHI C PARAM ET ERS ON BIO-RAD AG l -X2 (OH U N D E R DIF F ERENT EXPER IM EN-

T AL COND IT IONS

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

Capacit y ratio . neo B
Capaci ty rati o . neo C
Resolution . (neo B- neo C)
Pea k sym me try

factor (neo B)
Number of theoreti ca l

plates (neo B)
Analysis time

40 x 0.6 em column .
20()·400 mesh resin.
60 ml jh,
JOy

13.6
4.9
2.9

0.74

205 (51 3/m )
2 h 15 m in

40 x 0.6 em column,
200- 40() mesh resin.
60 ml jh.
211"('

8.0
3.0
1.9

0.80

102 (255 /m)
1 h 45 m in

2() x 0.6 em column,
l liO 400 mesh resin.
601ll1/h.
I Ii C

13.1
5.0
2. J

1.0

105 (525/m )
1 h 45 min

30 x I CIII column.
- 400 mesh resin.
270 mlih,
20"C

7.9
3.2
2.9

0.77

277 (923/m )
25 mi n

Sep arat ion of the main components ca n a lso be impro ved by using the Bio
Rad resin ( - 400 mesh). With thi s res in a metal co lum n and a medium-pressure pump
mu st be used . The improved separation of neomycin Band C allows higher flow-r at es
and a reducti on of th e ana lysis tim e to 25 min (Ta ble I). A chro matogra m obtained a t
a fl ow-rate of 270 ml jh on a co lum n (30 x 1 em) at 20"C is show n in Fig. 3b.

Th e mobile ph ase for all chromatographic systems is car bon dioxide-free water
at a pH of ca. 6.5. We observed th at adjustment to pH 7.0, 10.0 and 11.5 by ad ding
sodium hyd roxide has no influence on column paramet ers such as resolution , ca
pacit y fact ors and peak symmetry. It sho uld be not ed tha t capaci ty fact ors and
resolution decrease with time. Thi s is due partially to ret enti on of sulphuric acid from
th e neomycin sulphate, but also to degradation of the fun cti onal groups of the resin in
the OH - form . A continuou s flow of water, even when no samples are appli ed, has a
favo urable effect on co lumn lifet ime. Th e resin sho uld be replaced when the ca lcu
lat ed resolution is lower than 1.5, since in th is cas e the skewed peak s of neomycin B
an d C are no longer baseline-separat ed . This replacement sho uld take place after 1-2
weeks of use or applicat ion of 25- 30 sam ples of 10 mg neom ycin sulphate. Regener
at ion of the inex pensive resins is not recommended becau se or increased pea k asy m
metry.

An alysis of sam ples of known composit ion confirmed the identical response of
neomycin B and C to th e refractom etric detection. These samples were prepared by
dissol ving known amo unts o f the pure neom ycin B and C free bases in water, ta king
into account their weight loss on drying.
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Relative amounts of neomycin Band C in neomycin sulphate were also de
termined with polarimetric detection. The sample load (10 mg) is lower than in a
previous study'? where 75 mg were used. This is possible because of the use of a larger
flow-cell (inner volume of 250 ,ul instead of 32 ,ul),with which a more stable baseline is
obtained. The difference in [a]D values of neomycin Band C requires a correction for
the peak areas. Instead of the [a]D values measured in 0.02 N H2S04 (+ 83' for
neomycin Band + 121 for neomycin C) employed by de Rossi!", we used the values
determined in 0.02 N NaOH (neomycin B. + 71'; neomycin C. + II OC) as reported by
Ford et a/.22

. We confirmed these values for neomycin Band C prepared in our
laboratory.

A comparison of the methods described in this report with other detection
methods is possible, since some samples have been examined in other laboratories
also. The experimental conditions for ion-exclusion chromatographic determination
of neomycin C are given in Table II. Good correlation was found between the results
obtained with ninhydrin detection (Dr. A. Sezerat, Roussel-Uclaf), polarimetric de
tection (Dr. J. Lightbown, National Laboratory for Biological Standards and Con
trol, London, Great Britain) and our method. This is illustrated in Table III which
gives the relative amounts of neomycin C in eight commercial samples, determined
with different detection methods. The confidence limits of the mean were calculated
with at-test. Conductometric detection:" used previously in our laboratory gives a
systematic overestimation of neomycin C. possibly due to the non-linear response of
the detector. Four rather old samples were analysed by preparative chromatography
on a carboxylic ion-exchange resin", The percentages of neomycin C found in that

TABLE III

RELATIVE AMOUNTS OF NEOMYCIN C IN COMMERCIAL SAMPLES

Values expressed as:

nco C
x 100

nco C + nco B

Sample Method

A c* D** F G Preparative
chrotnatographv 0/1

Antbcrlite C'G-50"

U. XZ-336 11.6
S. 52001 39.0
U. TRO-32 12.2
R.7S-1251 12.5
R.9S0560
R.9S0572
R.9S0581
R.9S0594

10.8
32.2
9.8
8.9

9.8
37.8
9.6

10.0
12.4

15.3

9.1-10.3***
34.5--37.0***

8.2-9.2***
9.2 10.6***

9.5 10.6*** 9.7 10.5***

11.0 9.7 10.4***
11.8 I 1.0 11.8***
11.8
15.1 14.0 14.7***
16.5

9.5
34.5
8.4
9.1

* Figures furnished by Dr. J. Lightbown.
** Figures furnished by Dr. A. Sezcrat.

*** 95 %confidence limits.
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study are included in Tabl e III. A compa rison between G LC of trimethylsilylat ed
neom ycins, HPLC of N-d initr o phen ylat ed neom ycin and ion-exclusion chromato
graphy with refractom etric detect ion (Ta ble IV) was made possible by ana lysis of
samp les kind ly pro vided by Mr. Tsuji (U pjo hn , Ka lamazoo , MI , U. S.A.). Our re
sults are interm ed iat e between the va lues obta ined by G LC and HPLC repo rt ed by
Tsuji et al.J 5 .

TABLE IV

COM PA RISON BET WEEN HPLC. G LC AN D ION-EX CL USIO N CH ROM ATOG RA PHY

The re lative amo unt o r neom ycin C is expressed as in Ta ble II I.

S(/III/,Ie

6
9

13
16
17

M e/hod C;

8.9- 10.4*
\ 2.4
11.6 \2.4*
17.9· 20.1*
11.9 · 12.9*

HI'LC"

11.6
13. \
13.4
19,9
13.9

GLC"

9.7
8.8
7.8

17.2
8.9

* 95 ~\; confidence limits.

It sho uld be men tion ed that , in a ll ch rom at ogram s using an anio n-exchange
resin. the ace tyl derivati ves of neom ycin B and C (LP-B and LP-C) are locat ed in the
ascen d ing parts of the neom ycin B and C peak s (Fig . 3a). These co mponents , which
may be present in some sa mples at concentrations up to 5 I.., are determined together
with the non- acctylat cd main produ cts.

CONC LU SION

Th e result s rep orted show that refractomet ric detect ion ca n be used as an
alterna tive to ninh ydri n co lor ime try or polarimetric detecti on in ion-exclusio n chro
matography of neom ycin. It is simple to perform an d gives a n identical respo nse for
the B an d C components. Medium-pressure chro ma togra phy using a -400 mesh
resin permits a reduct ion of the an alysis time to ca. 25 min. Thi s makes the ion 
exclusion chromatogra phic determ ination of neomycin C competit ive with the HPLC
meth od described recentl y by Ts uji £'1 al , t 5.
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APPLICATION O F PO LY ACR Y LAMID E GRADI ENT GE l ELECT ROP HO
RESIS TO TH E ST UDY OF M ULTIPL E CO M PONENTS O F CO NCANA
VA LIN A AND REL AT ED LECTI NS
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Departm ent (It" Biom edicul Research . Plrarm aciu A B. Box 181. S- 75 1 04 U/'f'.W /U ( S weden)

(Received Februar y 26th . I 'l SI )

SU M MA RY

Poly acrylam ide gradient gel electrophoresis was used fo r an alysing different
Concana va lin (C on A) prep ar at ion s, The results indi cated one pred ominant ban d
and vario us minor ex tra bands which were not reveal ed by polyacrylam ide d isc gel
electro pho res is. Non e of the bands disappeared afte r rep eat ed affinit y chromato
gra phy on Sepha dc x, whic h suggests that the heter ogen eit y may depend on th e co m
plexity of Con A itself. Con A with di fferen t met al co ntent also show ed th e sa me
electrophoret ic com po ne nts.

The major fas ter migrating co mpone nt, which is ident ical in position with th e
sing le ba nd in disc gel electrophoresis. represents intact dimcr s. T he m inor com
ponents arc sugge sted to be different molecular species, which are separated by mean s
of po lyacryla m ide grad ient gel elect ro pho resis, pr oba bly depend ing on a co m bined
effect of elec tro pho re tic mobility and mo lecular siev ing.

INTR OD UCTIO I

Electro phoresis ha s been co ntinuo usly de veloped by th e introduct ion of im
proved support ing med ia, e.g., polyacr ylamide. Pol yacr ylamide gel electrophoresis ">'
was first a pplied to serum pr oteins using a weakly ba sic buffer a nd subseq uently to
the fract ionation of basic protein s and peptides by per forming th e electrophoresis in
acidic buffers ". For the charact er izati on of jack bean phyt oagglutinin Concana valin
A (Con A) , th e latter conditions wer e applied and one band was found at pH 4.5
whereas three bands wer e observed in th e pr esen ce of g M ur ea a t th e same pH S.
Furt he r stud ies on Con A in sod ium dodccy l su lpha te (SDS) po lyacrylamide gel
elec tropho resis gave evide nce fo r severa l co m po ne nts at th e subunit level corresp on d
ing to the subunit itself and some naturally occurring fra gments":". The occurre nce
of diffe rent electro pho re t ic co mponents po ssessin g nearl y eq ua l hem agglutina ting
abi lities has been de mons tra ted by isoelectric focusi ng":".

In a n ea rlier paper it was shown that different batches o f highl y puri fied Con A
with d ifferent met al co ntent were ind ist ingui sh abl e in pol yac rylamide gel electropho 
resis. all being rep resen ted by one ba nd 10 .

002 1-9673/8 1/0000-0000/S02 .50 (! ", Il)XI Elsevier Scient ific Publish ing Compa ny



234 B. KA RL STA M

In th e presen t study pol yacrylam ide gradie nt gel elec tro phoresis wa s applied
and revealed mult ipl e components of Con A and related lcct ins. Th is is a sim ple.
accurate and sens itive method for test ing protein homogeneit yl' and the sign ifica nce
of the results is di scu ssed.

EXP ER IMENTA L

Mat erials
Jack bean meal tCana valia ensiform is) was o bta ined from Sigm a (St. Lou is.

MO. U.S.A .) a nd Worthington Bioch emical s (Freeh old . NJ . U .S .A.) . Wh ole bean s of
Canavalia rosea we re o bta ine d from Paul Muggcnburg (Ham burg . G. F . R.). Com
mercial Con A wa s o btaine d from Ca lbioc he m (Los A nge les. CA. U .S.A .) (grade A.
lyophilized in so di um ch lo r ide . batch 940022). Miles-Ycda (Rchovo t, Isr ael ) (re
cryst alli zed twi ce fro m saturated so d ium chl oride so lut ion . batch 79-00 I ). Sigma
(gr ade Ill. lyophilized in sodium chloride solution . batch 910-50 I 0 No. C-2631) a nd
Ph arrnacia (Uppsal a, Sweden) (lyophilized powder. batches 3059 a nd 4000). All sa lt
co nta inin g sam ples were dialysed ag a ins t di still ed water and su bse q uent ly against th e
a ppropria te elec trophore t ic buffer. Dem ctallized Con A was pr oduced by ex tensi ve
di al ysis of th e nati ve protein aga ins t 0.05 M format e buffer (p H 3)10. T hr ee different
prot ein s with respect to their metal co n tents and ca r bo hy d ra te-bi ndi ng a bilities (A. B
and C) were isol at ed and lectin was isolated from C. rosea seeds by specific adsorpt io n
o n Se phadex ac cording to pr eviou s work 10 . Pol yacrylamide gra d ient ge l sla bs (PAA
4/30) were obtained from Ph armaeia.

Polya crylamide gradient ge l electrophoresis
Polyacrylamide gel electrophoresis wa s carried out in a grad ient system with a

m onomer gradi ent of 4-30 ~{, . A co m plete system for polyacrylamide gel elect ropho
resis developed by Pharmacia wa s used. including pre-formed gel sla bs 2.7 mm th ick
in glass cassettes (82 x 82 x 4.9 mm). Gradi ents of 8.5- 3 1 'X, we re al so tried . A ll sla bs
were pre-eq uilibrated with th e a ppropr ia te e lectrophoret ic bu ffer. T o pr o te in so 
lutions co n tai ni ng 10- 30 rng/rn l of lect in was added up to I 0 l:~; of sucro se and 5 15 pi
were ap plied to th e sa mple wel l usin g a Ha mi lton microlitrc syringe. Two buffer
system s we re co m pa red by per forming th e elect rophoresis ei the r in 0.02 M ace ta te
buffer (p H 4.0) o r accord ing to Reisfeld et at;', In the latter instance th e ge l sla bs we re
eq uilibr a ted with 0.06 M potassium hydroxide -0 .37 1\4 ace t ic acid buller (p H 4.3) and
th e elect rode compartments were filled with 0.35 M If-alanim:- 0.14 M acetic ac id
buller (pH 4.5). T he runn ing time wa s 3 -5 h a t 40 m A ,

At th e end of th e elec troph oretic run th e gel s la bs were sta ined with 0.5 l ~ ;,

Am ido Blac k in 7 ~{, acetic acid for 10 -30 min . Some sla bs were sta ined with
Coomassie Brilli ant Blue (0. 16 mg/rnl ) in 7.5 0

0 aceti c acid and heated for 1.5- 2 h a t
80-85"C.

Slabs stained with Am ido Black we n: e leetrophoret iea lly dcsi a incd in 7 °()
acetic aci d a t 2 A a nd 36 V fo r 30 m in. Slabs sta ined wit h Cooma ssie Brillian t Blue
were dest ained in wa te r- me tha no l-ace tic ac id (6 :3 : I ) for 24 h.

Protein analvses
All prote in det erminations o n purified Iectins were estimat ed from th e a bso r

bance at 280 nm using A : '~~, = 11.4' 2.
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Metal analyses
Analyses for man ganese and calcium were performed by atomic-a bsorption

spectrometry on a Var ian-Techtron Model AA-5 instrument using manganese
chloride and calcium chloride as sta nda rds .

RESULTS

Homogeneit y in polyacrylamid e gel electrophoresis is usually taken to be a
good indicat ion of the purity of proteins. Using 7.5 %polyacrylamid e gel electro pho
resis (pH 4), all preparations included in th is study showed hom ogeneity and never
revealed more than a single band . Samples containin g var ious amo unts of metal ion s
(Mn 2+ plus Ca2+) have previously been reported to be indistinguishabl e by poly
acrylamide gel electrophoresis, although they could be separa ted into three sub
classes by means of affinity chromatography on Sephadex' ".

In this study polyacrylamide gradient gel electrophoresis was applied, which is
a more sophisticated sepa ra tion method in which proteins are dri ven through pores of
progressively decreasing size until they are brought nearly to a stop according to their
size! ". Fig. I shows such an electrophoretic pattern of six different samples of Con A,
clearly demonstrating several band s for each species. Ir respective of the metal content
of the proteins, all prepar ations gave one major band and severa l minor extra band s.
The faster migr at ing predominant component, identi cal in position with the single

Fig. I. Polyacrylamide grad ient gel electrophoresis of six different samples of Con A con taining different
amounts of metal. The electro phoresis was perfo rmed in a mon omer gradient of 4-30 % gel in 0.02 M
sodium acetate buffer (pH 4.0) at 40 rnA for 4 h. The plate was stained with 0.5 % Amido Black in7% acetic
acid and destained at 2 A and 36 V for 30 min in 7 % acetic acid. The samples had the following metal
contents in percent from left to right : (I) 0.25 Mn2+, 0.23 Ca2+; (2) 0.16 Mn2+, 0.18 Ca2+; (3) 0.0007
Mn2+, 0.001 Ca 2 " : (4) 0.003 Mn2 + , 0.009 Ca2+; (5) 0.0007 Mn2+, 0.003 Ca2+; (6) O. I7 Mn2+, 0.21 Ca 2

" .
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Fig. 2. Polyacrylamide gradient gel electrophoresis of commercial Con A preparations and C. rosealectin .
Conditions for electrophoretic run, staining and destaining as in Fig. I . The samples were as follows from
left to right : (I) Calbiochem grade A; (2) Miles-Yeda recrystalized twice; (3) C. rosea lectin prepared by
affinity chromatography on Sepahdex; (4-6) different Pharmacia preparations; (7) Sigma grade III.

band in disc gel electrophoresis, probably represents an intact dimer of Con-A 10. The
minor components are suggested to be different molecular species consisting of dif
ferent combinations of subunits and naturally occurring fragments. These could be
distinguished on the basis of their different molecular weights and net charges. The
same electrophoretic pattern was obtained when analysing Con A re-chromatograph
ed on Sephadex, and repeated runs on the same sample of freeze-dried material were
reproducible several years after preparation. This suggests good stability and is evi
dence of a very distinct electrophoretic pattern.

Fig. 2 shows some results for commercial Con A preparations and a related
lectin from C. rosea isolated in our laboratory. The electrophoresis was carried out
under the same conditions as in Fig. 1. Very small differences were found between
most samples, except for the batch of Con A from Calbiochem and the C. rosea lectin.
These two samples contained even more bands than the other species. It was im
possible to associate these differences with differences in the biological activity. Ultra
centrifugal and gel filtration studies on the C. rosea lectin have demonstrated that this
lectin has a slightly higher molecular weight than Con A (to be published).

Fig. 3 shows the electrophoretic pattern of the same samples as in Fig. 2. These
samples were developed in a modified disc electrophoretic system according to Reis
feld et al." using a gradient of8.5-31 %. The results confirmed the previous observa
tions, i.e., the occurrence of one major and a varying number of minor components.



PAGE OF CONCANAVALIN A AND RELATED LECTINS 237

Fig. 3. Polyacrylamide gradient gel electrophoresis of the same samples as in Fig. 2 in a gradient of 8.5
31%. The electrophoresis was performed in 0.14 M acetic acid-D.35 M p-alanine buffer (pH 4.5) according
to Reisfeld et 0/.4. The plate was stained with Coomassie Brilliant Blue (0.16 mg/rnl) in 7.5%acetic acid and
heated for 1.5-2 h at 8Q-85°C. Destaining was carried out in water-methanol-acetic acid (6:3:1) for 24 h.

DISCUSSION

All previously published polyacrylamide gel electrophoretic data on Con A can
generally be divided into two main groups. The first includes runs performed in
buffers without other additives9 ,10 ,1 2 , 1 3 and the second includes runs performed in
buffers in the presence of detergents'?". Studies with highly purified Con A showed a
single band in polyacrylamide gel electrophoresis when the pH was below 75 , 10 , 12 .

Further, native and demetallized Con A and mixtures of these two forms are re
presented by the same band and are indistinguishable in polyacrylamide gel elec
trophoresis'P'!". Using SDS polyacrylamide gel electrophoresis Wang et al" dem
onstrated three electrophoretic components, one representing a uniform subunit with
a molecular weight of 27,000 and the other two being naturally occurring fragments
of this subunit. The occurrence of different electrophoretic components possessing
nearly equal hemagglutinating abilities has been demonstrated by isoelectric focus
ingS

,9 and suggested the term "isophytohemagglutinins'".
In this work multiple components were revealed by using polyacrylamide

gradient gel electrophoresis. This method has a very high resolution capacity owing to
a combination of the electrophoretic mobility and the resistance of the supporting
medium as a molecular sieve. The microheterogeneity was very apparent in all sam
ples tested and no detergents were needed for the separation. To confirm that the
extra minor bands were not impurities, several samples were re-chromatographed on
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Sephadex and re-used in polyacrylam ide gra dient gel electropho resis. No ne of the
bands dis appeared und er this treatment , which suggests th at the heterogeneity ma y
depend on th e complexity of lectin itself. It wo uld be interesting to study th is phenom
enon in deta il by pre paring larger amounts of the extra bands and testing their
chemical compo sition and biologica l act ivity.
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Note

Conversion of linear retention indices into logarithmic retention indices
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( I ndia }

(F irst received December l J th, 19&0; revised man uscript received Ma rch J rd , 1981)

In contrast to loga rithmic retenti on indic es (/), there is no need of logarithmic
ca lculatio n or of determ inat ion of the elut ion tim e of the non-sorbing gas for estima t
ing the va lues of linear retent ion indi ces (//1). T he latter yield fine correla tio ns between
st ruc ture, temperature dependenc e of retention and differences in retenti on on di f
ferent sta tiona ry phases 1.2 . Moreover , Saha and Mitra l and Sojak and Vigdcrgauz/
have demon strat ed that , un der iden tica l experi me nta l cond itions, I A va lues can be
measured more acc ura te ly than I values; the sta ndard de viat ions of I A values on polar
phases arc significa nt ly sma ller than those of I va lues:'.

The major draw-back with th e I A system, is th at , unl ike th e I system, it does not
reflect the thermod ynamics of the processes involved in elut ion during gas chro mato
gra phy . However , th is ca n be eliminat ed if accurat e I values ca n be determined
directl y and easi ly throu gh I A val ues . T he mathematical relat ion ship between 1/1 and I
given by Vigde rgauz and Martyno v' has the form :

M

crlOo - I
J --'._ - - _ ..

a - I

wher e

I ~<" + I .; I R" + I - I u"
(J

( ~ " (R " . 1 ( R" - I R" - J

( Rx - I R" I AJ - --- - - + 1/
( RII + 1 (R II 100

and

( I )

I>J = I - I001/

The adju sted and non -adjusted retent ion times of norm al paraffins with carb on
number II and of sample co mpo nent .Y a rc de no ted by (~ II' (R " and t~ ." t Rx respecti vely.
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240 NOTES

Eq n. I ha s been fo und to be incorrect. In th is paper a sim ple graphica l method
fo llowed by a mod ified mathemati cal relat ion is proposed for th e of I va lues d irectl y
fro m 1/\ va lues, predetermined from ex per ime nta l unadjusted retent ion data .

EX PE RIMENTA L

Ret entions wer e determ ined a t SO ± O.Ol e o n a stai nless-steel capillary
co lum n ( 100 m x 0.25 mm 1.0.) coat ed dyn am ically with 10 ';';, w ]» sq ua lane in n
hexane. A device for high acc uracy m easurem ent of re te ntio n tim e was used" . The
ca rrier gas was nit ro gen a t 2.5 a tm. Sam ple co m po ne nts were inject ed as a O. I-p l
m ixture with a splitti ng ra t io of I :400. The re ten tio n da ta used in th e ca lcula tio ns o f
1/\ values wer e averages fro m three inj ec tions. Th e sam e values of retenti on data. were
used for th e ca lcu la t ion of ex perime nta l I va lues .

R ESUL T S AND DI SC USSIO N

Mathematical relation bet ween the t Iro indices
The logari thm of a is defined as the slope o f a plot of the adj us ted ret en tion

va lues of normal para ffins o n th e lo g sca le against ca rbo n number' . Since a is re lated
bo th to the adjus ted a nd non-adj usted reten tions of paraffins between which a co m
po ne n t elutes, it may be used as a basis of co rrela t ion of I" a nd I . T he m odified
mathem ati cal re la t io n which results has the form

1/\ - lOOn
- - - _ ._-

100

I - lOOn

a~o- I

a- I

where 1/\ an d I are defined as th e a ri thme t ic index o r linear re tent ion index" and as th e
Kovat s' retent ion index or logar ith m ic retenti on index" res pectively .

The va lid ity of cq n. 2 can easily be tested by assum ing th e va lues of I" a nd It o
be 600 fo r /1-h exan e a nd the ca rbo n number o f th e lo wer pa raffin to be 5 (/1 = 5).
Linea r a nd logarithm ic re ten tio n ind ices o f va rio us types of hydrocarbon s have bee n
determined and are shown in Table I. T he va lues determined fro m non-adj usted
retenti on d id not m at ch th ose det ermined from adjusted retenti on of normal paraf
fins . T h is deviation is du e to th e very sma ll ret en t io n of methane, used as a non 
re tentive peak in th e FlO sys tem . T hus th e a va lue of 2.66 det erm ined fro m non 
adjus ted retention (see T able I) m ay be used for th e intcrco nvc rsio n of th e two index
sys tems. F ur thermore, th e ac tua l inst rumental dead tim e wa s calcul at ed to be 481. 5
sec using this a va lue . Wh en a dead time of 481 .5 sec was used for adj us ting the
re tentio n times of pa ra ffins, th e pre-calculated a va lues of 2.73 a nd 2.70 becam e 2.66.
T h us it was supposed th at methan e is ret a ined for 9 sec (490.5 -48 1.5) o n th e liq uid
phase of th e ca pillary co lum n. T here fo re it is q uite likely th at th e I va lues ca lcula ted
thro ug h the 1/\ va lues m ay be m o re accura te (sec Table I).

Graphical methods of' conversion (if' IA into I \'(/ / 11('.1

In order to determ ine I va lues fro m the pr edetermined 1,1 va lues , graphical
meth od s were develo ped as follo ws.
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TABLE I

COMPA RISON OF T HE TWO RET ENTION INDICES OF HYDROCARBON CO M PONENTS ON
SQUA LANE

Compound

Methane
II-Pentane
2.3-Pentadiene
4-Methylpen
tene-2 (cis)
4 Methyl
pentenc-Z [trans}
Hexene-I
n-Hexane
2.2-Dimethyl
pentane
Benzene
Cyclohcxa ne
2-Methylhexa ne
3-Methyl
hexene-3 ( cis)

1.2-Dimethyl
eye/open-
tane (trans';

Heptene-3 ( cis)
»-Heptanc

Retell /ion Lillear Logarithmic reten tion index, /
time reten tion
( sec) index, / ... Experime ntal» Graphicatr» Al1u~l'l i{'(//***

490.5
645.5 500.00 500.00 500.00 500.00
700.6 520.4S 530.00 530.00 530.00

763.5 543.S0 555.95 556.0 555.85

782.8 550.80 562.59 563.0 562.52
S45.5 574.21 581.92 582.0 582.07
915.0 600.00 600.00 600.00 600.00

1037.2 616.81 625.60 625.0 625.15
11 08.8 626.67 638.02 638.0 637.56
1279.0 650.10 662.61 662.0 661.80
1310.0 654.45 666.60 666.0 665.83

1470.0 676.40 684.55 684.0 684.68

1514.4 6S2.50 689.06 688.0 688.26
1535.7 685.42 691.12 690.0 690.26
1631.6 700.00 700.00 700.00 700.00

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

* Ca lculated from Kovats' eq ua tion using experimenta l data from methane injection .
** Calc ulated from linear retention index data using gra phs in Fig. I.

*** Ca lculated from linear retent ion index da ta using I~/I ;' = 2.73; I ~p/I;l = 2.70; (l lIp - 111)/ (111 - Ip) =
2.66. where I;.. Ip; I;l. III and t~p. tH p are the adju sted and non- adju sted retention times of II-pentane, 11

hexane and l1-hepta ne. respectively; and a = 2.66.

Th e value of (T was det ermined from the non-adjusted retention dat a of three
con secutive normal paraffins. By assign ing any arbitrar y adj usted retention va lue to
the lower normal paraffin, e.g .. unity (I 'IlIl - ' I = 1.0), the adjust ed retention valu e of
the next high er normal paraffin will be incr eased by a factor of (T (I 'RIl = (T) .

Th e adjusted ret ention va lues of any two consecutive paraffins (in this case I
and 2.66) were now plotted again st (fA - 10011 ) on linear graph paper (Fi g. IA ) and
aga ins t (f - lOOn ) o n semi-log graph paper (Fig. I B). Fr om the (f A - lOOn) va lue of
a compon ent (e.g. , 50.1 for cyc lohcxa nc), the corres po nd ing adjusted retention time
(1.84) is determined (see Fig. IA) a nd subseq uently thi s va lue is used in Fig . IB to
de termine the respec tive (f - lOOn ) or J va lues t i.e., 62 or 662 for cyc lohexa ne) . The J
values can also be ca lculated from Ko vat s' formul a", once the adj usted va lues of the
components have been determined .

It is wo rth not ing that, from the same two graphs. J va lues of components
eluting between the higher or lower paraffins can also be calculated because the valu e
of (T . once determined , rem ain s constant.
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F ig. I. G ra p h ica l co nversio n of linea r retenti on ind ices in to logarit hm ic re te ntion indices : A. linea r plo t; B.
logarith m ic plot.

F ro m a comparison of a ll three logarithm ic retention ind ex va lues (Table I). it
is seen th at th e expe rime nta l va lue. using methan e inject ion . dev iates fro m the math e
mat ical and gra phica l va lues which are similar. T herefo re I va lues determined
thro ugh f A va lues seem to be more acc ur a te th an th ose determ ined d irect ly from
ex periment. using methane injecti on .
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Note

Capillary columns with immobilized stationary phases

L A new simple preparation procedure

K . G ROB* an d G. GROB
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and

K . G ROB, Jr.
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(Rece ived March lOth , 1981)

Immobilized coatings in capi llary co lumns offer two ad vantages. T he first has
to do with insufficient wettability. When a liq uid does not permanently spread on a
given solid support. bond ing the mol ecules, or a t lea st part of th em , to the support
surface ma y so lve the problem, The same result may be achieved by cross-linking
instead of surface bond ing. In man y cases o f insufficient wet tabi lity an idea lly uni
form liquid film can be deposit ed for a sho rt tim e o r at low tem perat ure. I f cross
lin king with in th e liqu id is feasib le before th e film sta rts breaking up, th e film m ay be
perfectl y sta bilized , The second advanta ge is to ha ve a non-extractable co ating which
ca nno t undergo phase str ipping du e to large splitless o r o n-colum n injecti on and
which permi ts so lvent r insin g to free th e column from non-vol atil e sa mple by-prod
uct s or from ac tive breakdown products of the liq u id ph ase.

As far as we kn o w. K, Grob", in 1966-1 96 7, was th e first to a ttem pt ex peri
menta lly bo th bo nd ing to the suppo r t surface and producing a cro ss-linked coating.
He achi eved bond ing of terminal hydroxyl groups a nd of lithium- organ ic group s on
Si- Cl gro ups obtained by trea ting th e gla ss sur face with thionyl ch loride. Non-ex
tractable co a ting wa s produced by in situ po lymerization of po lyo lefins such as bu
tadiene wit h boron trifluoride as a cata lyst. A lth ough the ba sic a ims could be attained,
the work was d isco ntinued in 1968 beca use the coa ting wa s insuffici ent ly thermo
sta ble. The main rea son for the fai lure', as we know today, was the untreated glass
surface, the leac hing of which we introd uced on ly in 19772

•

In 1976 Madani and co-workers:' were the first to re-attack th e problem by an
entire ly new approach . They stud ied ill situ synthesis o f cross- linked methyl- and
phenyl methyl pol ysilox an es and de veloped th eir work to an impressive level" , In
ad dition to real ising the two abo ve-m enti oned ad vantages, they were abl e to tailor a
give n polarity by preselecting the phen yl:me thy l rati o . In 1978 Blomberg and co
worker s" entered the field o n a simi la r line a nd develo ped thei r own synthe tic an d
cross- linking techn iqu es" ,

T he co lum n prepa ration proced ur es of bo th groups arc re latively so phistica ted
a nd laborious. We tried to ac hieve eq uiva lent res u lts by a pplying the far sim pler
met hod s which ha ve been used industri al ly fo r mo re than twenty yea rs for the pro -

0021-9673/ 81/0000-0000/S02.50 n 19KI Elsevie r Scientific Publish ing Compa ny
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duction of silicone rubber from silicone oils. Th ese meth od s are comprehensively
described in textbooks. fo r instance in the one by Nole . Our trial s based on this
literature were almost immediatel y successful.

SU RFACE BONDI NG VERSUS C ROSS-LI NKIN G

We ha ve not been able to find a clear-cut definit ion for the widely used term
" bonded ph ase ' I":". As deduced from its common use. we feel that it emphasizes a
cova lent bonding between the support surface and the sta tionary phase. while cross 
linking is treated as a seco nda ry aspect or is even suppressed .

We th ink that instead of theoretically selecting an exact meaning of the term
"bonded phase", a proper term should be selected which exactly describes the experi
mentally proven fact s involved . From this viewpoint we have first to state th at no
direct proof has been forw ard ed so far for the existence of covalent bonds between
ph ase and support, whereas cross -linking within the liquid is an amply proven phenom
eno n? This statement do es not at all lower the merit s of the underlying techni cal
progress, since both advan tages , film stabilization on an insufficiently wettable sup
port , and non-extractability, a re achieved by cross-linking alone.

The results of our simplified procedure are identical to those of the procedures
of Mad ani and co-workers/ :" and Blomberg and co-w orkers ' :", namely cross-link ing.
and very probably a lso bond ing to th e support. We feel that the practical effects
co mbined with the ir struc tura l interpretation may properly be described by the term
"i mmo bilized ph ase" .

SIM PLIF IED PROD UCTI O N OF IMM OBILIZED PH ASES

Silicone rubber articl es are manufactured from liqu id silico nes by cross-linking
induced by organic peroxides? It is hard to see why th is established and simple
technique should not be used to immobilize sta tionary ph ases. since, if properly
applied. it does not infl uence the or ganic coating in ways other than cross-linking and
probable bonding to the suppo rt surface. According to Noll ? the peroxide tr an sform s
a methyl group into a radical which then reacts with a meth yl group of a neighbour
ing molecule to form a covalent bond . Corresponding reactions between other groups
occur less frequently . Th e reaction products of mo st peroxides are volatile or , in case
of a side reaction producing a heavier or more polar reaction product, can be ex
tr act ed from the immobilized ph ase . The latter case may explain the frequen t ob ser
vat ion that solvent-extracting a freshly immobilized coating slightly lowers the ad sorp
tion activity and the polarity of th e column.

Preparation of an immobilized coating simply involves adding a peroxide to
the liquid phase before carrying out th e regular sta tic or dyn amic coa ting and chan g
ing slight ly the regular pr ocedure for co nditioning th e freshly coa ted column. Instead
of programming the temperature to the upper temperature limit of the column. the
temperature ha s to remain for one or a few hours a t a level (I 00-1 40°C) favouring the
cross-linki ng reaction . Co nd itio ning should then be co ntinued to evapo ra te the per
ox ide breakdown products.

The standard pero xide is dibenzo yl peroxide (D BP). Further study ma y reveal
a different peroxide th at is even mor e suitable. A somew hat disad vantageous feature
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of DBP IS ItS volatility; possibly it causes some overlapping of the cross-linking
reaction with evaporation of th e peroxide. Bis(dichlorobenzoyl)peroxide may be ad
vanta geo us in this respect.

Reasonable immobilization may be obtained by a fairl y broad range of per
oxide concentrations. Excessive amounts of peroxide produce incr eased column ac
tivity; amounts which ar e too low result in incr eased losses of sta tionary phase upon
rinsing. It may be surprising, howe ver , that strongly varied amounts of peroxide
hardly influence column characteristics such as polarity, separation efficiency and
loading capacity (apparent film thickness). Thus, the density of cross-links does not
seem to be a critical factor provided it exceeds a certain minimum.

Immobilization by rea ction with a peroxide is, at the present time , limited to
silicones of low or very moderate polarity. We have not yet successfully immobilized
pha ses such as OV -17 and OV -225. However, this is not surprising since, for the sam e
rea son, these phases are not available as gums.

PRA CTI CAL PROCED UR E

CO IUIIIII

Immobilization works, as far as cross-linking is concerned, on any kind of
support surface. However, maximum ad vantage in term s of column quality and ther
mostability is obtained with per silanized glass or fused silica. Persilani zation? is car
ried out th e same way as for conventional inert columns.

Phases
All silico nes of low polarity (th e polarity limit may be represent ed by the phase

OV-61) ca n be used with the same sol vents (e.g .. pen tane, meth ylene chloride) and
concentra tion as used without cross-linking. As soo n as the peroxide has been added ,
the solution should be kep t dark and cool for a minimum tim e period .

Peroxide
DBP was used as purchased (e.g ., No. 33581 from Fluka, Buch s, Switzerland).

We prepared a 2 ~':, (w/v) so lution in benzene which was kept dark and cool. Th e
concentration of the peroxide in the pure phase was 0.1-1.0 j:, (w/w). An example
ma y eliminate possible misinterpret ations. To 10 ml of a 0.2 % solution of OV-I in
pentane, 4 ,ul of the 2 % DBP solution are added with a regular syringe to yield a
concentration of 0.4 % DBP in pure OV-1.

Condi1ioning
After regular sta tic or dynamic coating the co lumn is mounted into a gas

chroma tograph with out the outlet to the detector. For 15-20 min a high carrier flow
rate of 2-4 ml/rnin for a 0.3 mm J.D . capillary is applied. Th e flow-rate is then
reduced to 0.1-0.2 nil/min to prevent premature evaporation of DBP. The tempera
ture is qui ckly raised to IOOPC and is programmed at a rat e ofO.2D /min to l30a C. In
case the programmer do es not offer this low program rate, th e temperature is rai sed
manually by keep ing it fo r I h each at 100, 110 and 120"C. After maintaining l30 °C
for at least I h, the ca rrier fl ow-rat e is increased to 2 ml /rnin , and the temperature is
simultaneously set a t 200"C for I h. Th e column is cooled . the exit is connected to the
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detector, and the first qu ality test is run, which has to include a capacity ratio or an
exact elution temperature in the case of our com prehensive test ' ". To check the
degree of imm obi lization , as well as to elimina te pos sible impu r ities, the co lumn may
be rin sed with two co lumn volumes of methylene chloride and one volume of pen
ta ne. The test is repeated. Th e co lumn ma y show a slightly redu ced ads orption ac
tivity . Proper imm obiliza tion is dem on st rat ed by a loss of stationa ry phase of 5 % or
less, as calc ulated from the ca pacity ratio , or by an elut ion temperature lower ed by
I "C at most. Further tr eatment is as for conve ntiona l inert columns.

In case of th ickfilm (0.8 .um) columns we have repeat edly observed that pro
lon ged rinsing (twenty co lum n vo lumes of meth ylene chloride, overnight) produced a
slight apparent increase of film thi ckness.

To prevent any pr emature evap oration of OBP we have sea led some columns
after short condi tioning a t room temperature. Th e reacti on a t 100-1 30"C produced
sur prisingly active columns, however. We suspec t that thi s is du e to the water content
of the commercially ava ila ble OBP.
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Note

Couplage d'une technique d'echanttltonnaqe sous basse pression a un
chromatographe en phase gazeuse

J.-F. PAUWE LS*. M. eA RLIER ct L.-R . SOCHET

Laboratoire tie Cinetiqu« 1'1 Chimic til' la Combustion, Universite des Sciences 1'1 Techniques de Lille, 59655
Villeneuve dAscq Cedex ( Francc )

(Recu le 6 fevr ier 1981)

Un certa in nombre de di sposi tifs experimc nta ux pour l'ech an tillonnage de gaz
sous basse pression en vue dune ana lyse chro matographique on t cte decr its da ns 1'1
littcrat ure (pa r cxcm plc, Bibl. 1·-4 ). En effct l'utilisa tion des vannes a gaz prop osees
par les differents co nstructeurs ne permet pas en genera l d 'effec tuer de s preleveme nts a
faiblc pression ,\ ca use des tau x de fuites residuelles qui ne sont absolume nt pas ne
gligea bles et du manque de sensibilit e par suite de la faibl e qu an tit e de matiere qui
est injec tee.

Pourtan t l'an alyse des syste mes en co urs de reac tion, dan s des condi tions de
pression et de temperature so uvent crit iq ues (reactions a temp era tures elevees, flam
mes) necessite que l'ech ant illo nnage se fasse it plus basse temper ature et so us ba sse
pres sion afin de tiger les reacti on s parasites et dobtenir un ech antillon representa tif
du milieu a etu dier. II est a lo rs ind ispensabl e de recueillir un vo lume importa nt de
gaz sous faible pression et de Ie com primer avant de l' injec ter dans Ie chromato
gra phe.

Le dispositif que nou s dccrivon s ici a etc conc u et ut ilise pour etudier la struc
ture de flammes stabilisees sur bruleur en combinaison avec une analyse simultunee
des a tomes ou rad icau x par resonance pararnagnet ique elect ro niq ue". II peut etre
utilise pour l'analyse de to ut -autre systeme reactionnel stabilise en ph ase gaze use.

D ISPOS IT IF EXPE RIME NTAL

Le schema de princip e du dispositif utilise est represente sur la Fig, I. II permet
dextra ire so us faibl e pression dan s un cylind re muni dun piston une partie des gaz
du milieu it ana lyser par l' int errnediai re d 'une so nde, de les com primer dan s une
boucl e d' echantillonnage puis de les injecter dan s Ie chrom atographe.

La sonde (5) est en qu artz, son extremite en forme de cone de 40" present e un
trou dont Ie diam etre est ada pte a l'etude a realiser . Elle permet un prelevement pone
tuel des echa nt illons a ana lyser. Dan s Ie cas de l'an alyse de la structure des flammes
metha no l-ai r, sta bilisees a80 Torr sur un brul eur aflamme plat e, Ie diarnetre du trou
eta it voisin de 100 pm , co nduisant a un debit molaire d 'extr act ion de l'ordre de
I. 7 . 10- 5 mole sec - toPar suite de la difference de pression regna nt de part et d' autre
de la microfuite, l'ecoul ernent des gaz a tra vers celle-ci se fait a tre s grande vitesse et
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Fig. 1. Schema de principc pour l'echantillonnage so us basse pression ct lc co uplugc aun chromatogra phe.
S = Sond e d 'ext raction ; V" V2 , VJ , V4 , V, = vannes ,t soufflcts: G .P. = gaz portcur; B.P. = by-pass;
Ch = chromatographc; B.E. = boucle d 'cchantillonnagc: J = jau ge ,t semi-conducteur; J .P. = jaugc de
Pirani ; M.H . = manometre ,t huiJe; 1 = chambre dextr action ; 2 = cylindrc de compression.

Ie melange gazeux atteint tres rapidement les parois froides du dispositif de preleve
ment ce qui entraine un blocage efficace des reactions.

La sonde est reliee a la chambre d 'extraction (1) par l'interrnediaire d'un souf
fl et met allique. L'etancheite est assuree par un systeme de bagues et de joints toriques
permettant Ie demontage rapide des sondes dextraction. La chambre d 'extraction est
connectee a une pompe a palette de 30 m 3Jh au mo yen d'un soufflet metallique de
diametre suffisant pour reduire a u maximum les pertcs de charge et qui permet
"dabsor ber" les vibrations creee s par la pompe rotative. La pompe peut etre isolee
du dispositif par une vanne a soufflet V5 ' La pression dans la charnbrc dextraction
est mesuree par une jauge de Pirani (J.P .).

Le couplage du systerne de prelc vement au dispositif danalyse par chromato
gra phic est assure par la vanne V4 ' Le disposit if comprend l'cnscmble cylindre-piston,
la boucle dechantillonnage (H.E.), les vannes VI ' V2 ct V3 et les dispositifs de mesur e
des pression s (J .P ., M.H., J).

Le cylindre en acier inoxydable de 100 mm de diametre interieur, de 700 cm'
enviro n de volume ut ile est muni achaq ue extremite de deux fl asques amovibles entre
lesquell es se deplace Ie pist on. Le guidage ct le controle d u mouvernent de translation
du piston est realis e par une vis, solidaire d'un roulement ,\ billes loge dans lc corps
du pist on et tournant dans un filetage situe sur l'une des deux fl asqucs. L'eta nchcite
lors du deplacernent du piston dans le cylindre est assuree par deux joints toriques.
En choi sissant judicieusement la distance entre ccs deu x joints en relation avec Ie
diametre de l'orifice de remplissage lateral, on utili se le piston pour isoler Ie volum e
echantillonne avant compression . On evite ainsi de remplir lc cylindre par l'autre fl as
que et d'utili ser une vanne darret qui augmente notablement le volume mort a la
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compression . Cette flasque comporte deja la vanne disolem cnt V1 et la jauge amem
brane affi eurante J . II s'agit d'un capteur de pression absolu a j au ges a semi-co nd uc
tcur 0- 15 p.s.i . (P recise Sensors Inc. , No. 70 143).

Les vannes Vl' V2 ' VJ permettent di soler la boucle d'echantillonnage (B.E) et
d 'injcc ter son contenu (5 cm') dan s Ie chro matogra phe . Par suite des di fferences de
pression importantes (3 a 7 kg /ern") pouvant regner de part et d 'autre de ces vannes
et afin de dim inu er a u maximum les vo lumes morts, nous av ons utili se des vannes a
soufflet , testees a l'h elium, a taux de fu itc negligeable et de petites d imen sions (Hocke
4151 G 4B). L'ensemble de ces pieces sont raccordees l'une a l'au tre par de s raccords
Swagelok.

Le cylindrc, les vannes (V r , V2 , VJ ) , la boucle dechantillonnage et la j auge a
mem brane a ffi eurante so nt places da ns un co m pa rtime nt iso la nt , bou rre de laine de
verrc et ch au ffe a 120"C, ce qui suppri me les risques de co ndensation des co mposes
peu vo latils lors de la co m pression.

MODE OPERATOI RE

Lorsque Ie vide est eta bli dans l'enscmble de linstall ation et qu e Ie debit d 'ex
tract ion est nul , la pre ssion est de I'ordre de 3 a 4 · IO-J Torr avec un tau x de fu ite
res id uel tou t a fa it negl igeabl e. Lors de I'ext racti on en co ntinu des gaz du milieu a
analyser, la pressi on limit e est fonction du debit molairc de fuite. Dans Ie ca s prece
de mme nt cite ce tte pression est vois ine de 4 . 10- 2 Torr.

Afin da ugme nter la sen sibilite de la detection, la prise dechantillon se fait a
pression plu s clevee par fermeture de V5 ' Les va nnes V4 et V I eta nt o uvertes et Ie
piston en butee vers la gauche, la pression dan s l'en ceinte croit. Q uand la pression de
10 Torr est a ttein te, Ie sys teme est isole pa r ferm eture de V4 et les gaz so nt com
primes dans 1'1 bou cle d 'echant illonnage. Apres fermcture de V1 pu is ouve rt ure sue
cessivc de V2 puis de VJ • l'cchanti llon ,\ ana lyser qu i est dabord co m pr irne pa r Ie gaz
portcur est entraine pa r ce lui-ci so us pression elevec da ns lc ch roma tographe direc
tement en tete de colonne.

Pour eviter des discontinuites et des inte rruptions dan s i'ecoul em ent d u gaz
portcur ain si qu e d 'importantes vari at ions de pression dans les co lonnes chro m ato 
gra phiq ues lo rs des operat ions di njectio n. qui se traduisent par des instabi litcs no
ta bles a u niveau de 1'1 detect ion, nou s utili sons un by-pass (B.P) dont la perte de
charge est en viron 100 fois plus gra nde que celle de la boucle dech antillonnage et qu i
ass ure un passage permanent du gaz portcu r dan s Ie chromatogra phe .

Lc controle de la q uanti le de matiere injectee est realisee de deux facons: (I )
so it en opera n t a vo lume de com press ion const ant et en mesurant la pr ession avant
compression avec precision a vec un manornetre ~I hui le (M.H); (2) soit en mesurant
d irecteme nt la pre ssion par la j au ge absolue ,\ membrane affieura nte . La com bina ison
des deu x meth od es pcrrn ct de verifier l'abscn ce de conde nsa t ion des produits lor s de
la compression.

APPLI CATION

A titre dcxcm plc nou s prcscnton s qu elques res ulta ts o btenus da ns Ie cas de
I'analyse de 1'1 structure dune flammc stocchio rn et r iq ue metha no l- ai r sta bilisee sur
bruleur a 80 Torr.
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Fig. 2. Chromatogramme des pro duits sur colonnc Porapak Q dans unc tlammc stocchiorn etriquc metha
nol- a ir stabil isee a 80 Torr, distance entr e Ie front de tlamme et la sonde dextract ion II = 1.95 mm .

Fig . 3. Chromatogramrn e des produits sur tami s rno lcculairc 5A dans UIl C tlamm c stocchiometriq ue me
th anol-ai r stabilisee it 80 Torr, distance entre Ie front de tlamme cr la sonde d'ext raction II = 1.95 mm.

Les echantillons sont extraits en continu par la sonde jusqu'a une pressi on de
10 Torr et injectes selon la methode decrite precedernmcnt dans deux chromatogra 
phes a catharornetre places en serie et separcs par un piege refro idi permettant de
condenser la vapeur d'eau . Les co lonncs utilisees sont une co lonne de Porapak Q,
3.6 m x 1/4 in. ma intenue a I05"C et une colonne de tamis mo lecu laire 5A, 4 m x
1/4 in. mai ntenue a 35"C. Le premier chromatographc permct de separer CO z, HzO
et CH 30H; Ie second Hz, o; N z et CO .

Les chromatogrammes correspondants it l'analyse des produits a 1.95 mm au
dcssus du front de flarnme , dans la zone des gaz brulcs, sont representes sur les Figs .

15

10

5

10

5

o 0.03 0.06 0.09 XCOZ IHZJCO

Fig. 4. Combes d'e talonna ge pour H2 , CO et CO 2 , gas porteur, Helium; attenuation. I; sensibilites: CO 2,

10 mv /cm ; H2 , 0.4 mv /cm; CO, I rn v/cm. h = Hauteur du pic; A = sur face du r ic; x = fraction molai re
da ns Ie piston (10 Torr) .
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2 et 3. A titre d'exemple nous presentons egalernent (Fig. 4) la courbe detalonnage
pour CO, COz et Hz. La methode permet de determiner sans difficulte des fractions
rnolaires de /O-z dans Ie melange de 10 Torr et par consequent dans la flamme.
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Photometric monitoring of thiols by means of a thiomercurimetric
detector
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The selective monitoring of thiols after their chromatographic separation is of
importance in the analysis of complex mixtures, and procedures based on the change
in potential of a platinum electrode in the presence of the iodide-iodine system 1 or the
change in potential of a mercury electrode/ have been suggested. The relationship
between change in potential and thiol concentration is not linear and depends on pH.
Thiols in natural gas have also been monitored by automatic titration with coulomet
rically generated silver iorr'.

The method proposed in this paper is based on the displacement of dithio
tluorescein from its complex with o-hydroxymercuribenzoic acid (HMB)4. In alkaline
solution dithiotluorescein has a blue colour, which disappears on adding HMB and
reappears on adding thiols or hydrogen sulphide.

EXPERIMENTAL AND RESULTS

Materials
Solution 0/ the H M Bi-dithiofluorcscein complex, Dissolve 0.16 g of o-hydroxy

mercuribenzoic acid anhydride (POCh, Poland) in 100 ml of 5 °0 (w/v) diethanol
amine solution. Dissolve separately 0.1 g of dithiofluorcsccin (POCh) in 100 ml of
5 ~{, (w/v) diethanolamine solution. Take 20 ml of the first solution and add slowly
with mixing the second solution until a distinct blue colour persists, filter rapidly, add
500 ml of 96~:;; ethanol and dilute to I I with 5 ~<, (w/v) diethanolamine solution. The
solution should have a slight blue colour, otherwise add a portion of filtered dithio
fluorescein solution. The complex solution is :2 .10 - 4 M with respect to HMB and
gives a linear absorbance response on adding thiols or hydrogen sulphide until ca.
90 X, of the dithiofluorescein is displaced. The solution should be protected from
light.

Tliiol solutions. Solutions of thiols were prepared in n-hexane and standarized
by titration with HMB in the presence of dithiofluoresccin as indicator".

Thiomercurimetric detector in gas chromatography
Details of the combination are illustrated in Fig. I. The thiols emerging from

the column in a stream of carrier gas are absorbed in vessel 3 in a solution of the
complex which is forced from vessel I. The solution containing absorbed thiol passes

0021-9673/81/0000-0000/$02.50 (ei 1981 Elsevier Scientific Publishing Company



NOT ES 253

Fig. 1. Thiornercurimetric det ector combined with a gas chromatograph. I. Co ntainer for complex so
lution; 2, pump; 3. ab sorption co lumn; 4, (low-through cell. 50-111m light path. 3 mm 1.0.; 5, photocell ; 6,
optical filter (580 nm); 7, collim ator; 8. light source, 6 V/15 W bulb; 9, tr ansformer; 10, cell hold er made of
hard resin; II , TZ-216 recorder (Czech oslovakia); 12, Chrom 41 chromatograph (Czechoslovakia).

to the lower part of vessel 3 and then to the flow cell, while the gas is removed by the
two side-tubes. Th e current of the photocell is compensated by an anti-current and
the recorder is then at zero. When the absorption of light in the flowing solution
increa ses the current of the photocell will be decreased and the deflection of the
recorder corresponds to the difference between the photocell current and anti -current.
Let H be the full deflection of the recorder from the zero line and h th e actual
deflection. Then the absorbance will be expressed by log [H/(H - h)], and the con
centra tion ofthiol by Jog [H/(H - h)] · constant. Th e total amount of the thiol can be
calcul ated from the equation

111 = K,1 V ·log[H/(H - 11m ) ]

where 111 = total amount of th iol (mol es), K = a constant for a given detector val id
for all thiols, h.; = peak height and ,1 V = basis of the peak (ml).
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The va lue of th e K has to be found by sta nda rd iza tion which is dem on strat ed in
Table I and F ig. 2. Kn own amounts of II-propa net hiol were injected on to the co lumn
of the gas chro matograph a nd th e resulting pea ks were reco rd ed by the th iom crcu
rimetric detector. T he mean val ue of K thus fo und was 14 nmole/rn l.

TABLE I

STANDARD IZATION OF T HETH IO MERCU RI METRIC D ET ECTOR WITH II-PROPANETHIOL
ACCORDING TO RESULT S IN FIG. 2

Full-scale deflection of recorder = 200 mm .

Ll V ( III /) 11 m K t nmolclml}
( Il l/ II )

15.7 I I 13.7
12.6 25 14.2
10.5 55 14.2
10.5 78 13.9
lOA 97 14.1
10.5 112 13.8

Inj ected
(nmolc)

5.2
lOA
20.8
31.2
41.6
52.0

1
,-
ee
N

"u,
N

" e-,:r: (J)

":r:

1
":r:

l'
'"'""

1~;~
100 80 50 40 20 10

Fig. 2. Standardization of the detec tor by inject ion of 10, 20, 40, 60, 80 and 100 ti l of 5.2 · 10.4 AI
II-propanet hio l in »-hcxa ne. Deta ils as in Fig. 3.

Fig . 3 shows a typical ch ro matogra m for a thi ol mixture obtained with the
thiomercurimet ric detector, a nd T a ble II gives the co rrespondi ng amoun ts of thiol s
ca lculated for K = 14 nm oleJml. The deviat ions ran ged fro m - 2 to - II 'X,. Fo r
more accura te ana lysis internal sta nda rd iza tion is necessary.
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Fig. 3. Gas-liquid chromatogra m of standard mixture of th io ls in u-hcxanc . Col umn , 2.5 m x 3 mm I. D"
gla ss, packed with 25 ~, tricre syl phosphate o n gO- 120-mes h Celite. Tempera ture. 32T X ; injector temper a
ture , 353"K; de tec tor, thiomcrcu rimc tric: complex so lutio n flow-rate, 4 .2 ml jmin ; carr ier gas , n itrogen a t
17 ml jmin.

TA BLE II

CALCULATION OF T HIO L CO NTENTS FROM FI G . 3

7hiol ;j V ( III /) lIm Injected
( 111111 ) ( nmole}

Met hancthi o l 4.2 96 16.X
Ethanethio l 4.6 77 14.7
Iso pro pancthio l g.6 35 10.2
tert» Butancthiol 9. 2 45 14.7
II-Pro pancth io l 9.5 53 Ig.2
.l'ec.-B lIta nc th io l 11.5 42 IR.2
lsobut an cth iol 12.6 30 13.7
II-Bu taneth iol 16.5 26 15.1

FOl/lld
(nm ole}

16.5
13.5
9.R

14. 1
17.6
16.3
12.2
IH

Mo nitoring (~j' thiols ill high-performance liquid chronuuograph y
T he liqui d eluat e leaving the chroma togra ph is mixed with th e co mplex so

lution and the mixtu re is passed to the detect or. The chroma tograms obtai ned are
shown in Figs. 4 a nd 5. It ca n be co ncl uded th a t th e detect or is suita ble fo r reco rd ing
th io ls sep ara ted by liqui d chro matography .

D ISCUSSION

T he detector ca n a lso be used for silyla tcd thi o ls becau se in the co mplex so
lution th e sulphydry l gro up is qu ickly regenerated . In th e prese nce of dimcthylamine
thi ol esters arc a lso reco rde d. Other compounds to which the detecto r can be applied
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Fig . 4. Chro matogram of th iols ob tai ned with an A LC-204 high-performance liq uid ch romatograph
(Wa ters Assoc., Milfo rd . MA, U.S.A.) . Column, 30 cm x 3.9 mm 1.0.. pac ked with jiBonda pa k C,".
Temperature. 29Y K ; detector, thiomercu rimetric: complex so lution flow-rate. 1.4 rnl/rnin: eluent . 75 'co
metha nol. now-rate 4 ml jm in. Peaks : I = C H,SH; 2 = C2 H;S H; 3 = i.I'O-C3H 7 SH; 4 = (£,I'/ .-C4 H9SH;
5 = II-C3H 7 SH ; 6 = .I'£,('.-C4 H9 SH ; 7 = II-C4 H9 SH.

Fig. 5. As Fig . 4. Peaks: I = n-C, HII SH ; 2 = n-C"H I.1SH ; 3 = II-C.,H,,,S H; 4 = II-C , 2H2;SH .

arc dithiocarbamates, carbon dis ulphide, carbon yl sulphide a nd co mpo unds that can
be readi ly converte d to th iols or hydrogen su lph ide.

The sensitiv ity of the detector is ab ou t 2 nan omolc of thi o!.
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Simple gel apparatus for horizontal polyacrylamide and agarose gel
electrophoresis
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Departmen t (~I Molecular Biology, Max- Ptanck- Insti tutc [or Experimental Me dicine. 3400 Giittingen
(G.F.R.)

(Rece ived Fe br ua ry 2nd, 1 9~ I)

Vert ical gel systems are widely used in agar ose and polyacrylamide gel elec
trophoresis. Air bubbles genera ted while pouring the gel and leakiness of the buffer
chambers are problems th at often occur. Restriction an alysis of DNA fragments! and
the Southern blotting technique/ require good separations and sha rp bands. In ver
tical gel systems the bands usually are not sha rp owing to diffusion of the samples in
the direction of sepa ration. Thi s can be overcome by using horizontal slab gels. As
polyacrylamide does not polymerize when exposed to air, no system was previou sly
available for pouring ho rizontal polya crylamide slab gels. We describe here a simple
appara tus and demon strat e its use in separa ting DNA restriction fragments.

EXPE R IMENT A L

Chemicals
The agarose used was Ty pe M E from Scakc m (Marine Co lloids Div., .FMC ,

Marcus Hooke, PA, U.S.A.). Acr ylamide (recrystallized twice, p.a . grade) was pur
chased from Biomol (I1 vesheim, G.F.R .), and N,N '-methylenbisacrylamide from
Scrva (Heidelberg, G .F.R .). DNA sta nda rds II and III are restriction enzyme digests
of bacteriophage ADN A with ECO RI and HIND III and were obtained from Boeh
ringer (Ma nnheim, G .F .R. ). Oth er chemica ls were of ana lytical-reage nt grade .

Appara tus
All parts were assembled from commercial plexiglass in the institute's work

sho p. A scheme of the gel holder is shown in Fig. I.
For pouring gels the seals (A) and the edges of the cove r (C) are greased with

Vaseline and connected as ind icated in Fig. I. Th e gel is pou red th rough the slit (D) in
the cover (C) using a disposabl e 50-ml syringe. Th e sample comb (E) is insert ed into
the slit (D). After polymerizati on the seals (A) and the sample comb (E) ar e removed
carefully and the appa ratus is placed in the buffer chamber, which is then filled to the
cover (C) with Tri s-bor ate buffer (89 mM T ris, 8.9 mM bori c acid, 2.5 mM EDTA,
pH 8.0). Samples are dissolved in 15 III of 25 mM EDT A (pH 8.0) conta ining 0.05 %
of bromphenol blue and 0.2 /;'. of agarose and heat ed for 10 min at 56°C before
loadin g.

002 1-9673/8 1/0000- 0000/$02 .50 (1) 191\1 Elsevie r Scientific Publish ing Com pa ny
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I e rn

Fig. I . Des ign of the gel holder. T he part s are asse m bled as ind ica ted . Prior to asse m bly the sea ls (A) and
th e edge s of th e cover (C) are greased with Vaseline. The gel is in sert ed throu gh slit (D ) usin g a di sposab le
syringe. T he sa mple co mb (E) is insert ed throug h slit (D). After po lymerization of th e ge l, the co mb and the
sea ls (A) a re removed ca refully. T he gels are 9 em lo ng and 2 or 4 mm thick , depending on the gel ho lder
(B). In 2-m m gels the sa m ple slo ts a re I rnrn deep and in 4-m m gels 2 mrn deep . For elec tro pho res is the gel
holder (B) connected with th e co ver (C) is pla ced in a buffer cha m ber (see F ig. 2). Buffer is adde d up to the
co ver. After electrophoresis th e cover is removed and th e gel is sta ined in th e gel hold er to prevent da magc
to the gel.

Fi g. 2. Ph ot ograph of th e gel sys tem during a run . The gel holder is placed in a 3D-cm lon g buller chamber
a nd filled with buffer so th at the ge l mak es co ntact with the buffer. Eve n wh en th e gel hold er is co mp letely
ove rloaded with buller good sepa ra tio ns are o bta ined. Directi on of sepa ra tio n is fro m left ( - ) to righ t ( +).
The buller cham ber is not described in det a il as o the r simi la r cha m bers can be used . During electrophor esis
the buller cha m ber is closed with a cover to pre vent evaporati on of buffer (not sho wn) .

Agarose ge ls
Agar ose was dissolved in Tris- borate buffer (see above) and heat ed for 3 min

using a microwave ove n (Philips Mod el 8 10 D). Aft er cooling to 70°C the gel was
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poured as described above. After cooling to room temperature th e samples were
loaded and electropho resis was run at a consta nt voltage of I Vfcm for 12 h at room
temp erature.

Polyacry lamide gels
A 50-ml volume of 5% acrylamide and 0.17% bisacrylamide in Tri s-borate

buffer was filter-sterilized and degassed for 15 min using water suction, then 50 pI of
N,N ,N', N-tetra methylened iamine (TEMED) and 500 pI of 10% ammonium per
oxidi sulphate in water were add ed . Th e gel was poured as described above. Aft er
polymer izati on, th e samples were loaded and electrophor esis was run at a co nstant
current of 30 rnA for 4 h at room temperature.

1 2 3 4 5 6 7 8 9 10

1.9
1.37

0.94
0.83

0.56

0.14

Fig. 3. Separa tion of DN A restr icti on fragment s o r bacter iophage ;. DN A on 51.. po lyacrylamide gel, In
lanes 1- 5 were load ed 0.5, 1.0, 1.5, 2.0 a nd 2.5 j1g o r D NA digested wit h the restriction enzymes ECO RI
and HI ND 1II as describ ed under Experimenta l. In lanes 6-10 were loaded 0.5. 1.0. 1.5. 2.0 and 2.5 j1g o r
D NA diges ted with HI N D III only. Electro pho res is was performed at 30 rnA fo r 4 h. After the ru n the gel.
in the gel holder . was stained with ethidi um bromide so lutio n (4 j1g/m l) for 30 min. The band s were
revea led under sho rt-wave UV ligh t a nd photograp hed with a Polaro id camera . T he size o f the fragments
was given by the supplier o r the sta nda rds and is indicated adj ace nt to the band s (k ilobases). Th e gel was 4
111m th ick a nd 9 cm lon g. Direct ion of elect rophore sis is from to p ( - ) to bo tto m ( +).
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Staining
The gels were stained for 30 min in 4 jig/ml ethidium bromide solution and the

bands were revealed by illumination with short-wave UV light.

Photograph y
The gels were photographed with a Polaroid camera using Type 55 film and an

orange filter to reduce background.

RESULTS AND DISCUSSION

The apparatus was applied to the separation of DNA restriction fragments . As
shown in Figs. 3 and 4, the bands are much sharper than those on conventional gel
slabs . Problems with polymerization of gels did not occur. The relatively small size of
the gel layer (7 x 10 em) reduces the costs of chemicals. Under the conditions used 4-

Fig. 4. Separation of DNA restriction fragments of bacter iophage A. DNA on a 0.7 %agarose gel. In lanes 1
3 were loaded 1.0, 0.6 and 0.3 Jlg of DNA digested with the restriction enzyme ECO RI. Electrophoresis
was carried out at I V/cm for 12 h. Other details as in Fig. 3.
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mm th ick gels gave thc bes t results fo r polyacrylamide a nd 2-mm th ick gels gave the
best result s for aga rosc ,

Southern blo ts? rou tinely ca rrie d out gave exce llent results (da ta not shown) .
Th c simp licity and co nve nient han dling of th e appa ratus makes it applica ble to most
gel tec hn iques. includin g disconti nuo us elec trophoresis. Gels ca n be stained when st ill
in th e gel holder, which is adva ntageous whe n usin g low pe rce n tage gels or rad ioac
tive ly la belled sam ples.

As the a ppa ra tus is not a va ilab le commerciall y. det ail ed co ns truc tio n plan s ca n
be obtai ned fro m thc a uthors on request.
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An efficient chemically bonded reversed-phase tin-layer plate permit
ting the use of water-rich mobile phases*
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Chemical Research Laboratories, Pharmaceuticals Division, Ciha-Geigv Limi ted. C H-411112 Baste (S witzer
land)

(Received February 20th, 19SI)

Within the last few years, severa l new commercially available ch emically
bonded reversed-phase thin-layer chro matog ra phy ( RPT LC) plat es ha ve led to a
ren aissance in TLC. Problem s associated with the wett a bility of these RPTLC plates
by the so lvent, however , ha ve prevented the usc of water-ric h mo bile phases and
detection tec hniques".

In an effort to ove rco me th ese problem s, we first silanized pre -coat ed TLC
plates with dodecylt rich lorosilan e accord ing to G ilpin and Sisco". We also tri ed to
coat glass plates with dod ecylsilani zed silica gel pre pa red in our luborat o ries", but th e
layer obta ined was not sta ble eno ugh. Finally, using o ur silanized silica gel, Antec
AG (Bennwil, Switzerl and) developed a pre-coat ed RPTLC plate, which is commer
cially ava ilable under th e tr ade-nam e OPTI-UP CI 2**.

During the last 3 yea rs, we have co mpa red their efficiency with those of (eigh t)
other commercia lly ava ila ble pre-coated RPTLC plates in sys tems contai n ing more
th a n 40 %of wa ter a nd using severa l classes of substances,

EXPER IMENTA L

Ma terials
The fo llow ing co mme rcia lly avai lable TLC plat es were tested: 20 x 20 em

plates pre-coat ed with OPTl-UP C 12 co nta ining a fluorescent indicator; lO x 10 cm
plates, pre-coated with LiChrosorb RP-2, RP-R and RP-I R, containing a fluorescent
ind icator (Merc k, Darmstadt , G. F .R .); 10 x 10 ern plates pre-coated with NanoSil
C IS (100 %, 75 % a nd 50 %), contai ning a fluorescent ind ica to r (Macherey, Nagel &
Co., D uren , G. F .R .); 20 x 20 cm pre-coat ed KC 18 thin-la yer plat es (Wh atman ,
M aidstone, G reat Britai n); and 20 x 20 cm RP S Uniplates, whic h ha ve a support
layer impregnated with lon g-cha in hydroca rbons (A na ltec h, Newark , D E, U,S .A .).

* Dedica ted to the lat e Professo r R. B. Woodward. deceased Jul y Sth, 1979. who shared with us his
experience of using OPTI- UP C I2 plate s.

** The plate s arc a lso ava ilable through Trido m Chemicals (H auppauge. NY, U.S.A.), Fluka (Neu
Ulrn, G .F .R.), Siccap- Emmop (M ar seille, France) and Antcc (Bcnnwil, Switzerland ).

002 1-9673/8 1/0000-0000/$02.50 © 1981 Elsevier Scienti fic Publi shin g Co mpa ny
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Chemicals
All chemicals were of analytical-reagent grade and were purchased from Fluk a

(Buchs, Switzerland).

RESULTS AND DISC USSIO N

In our experience , only OPTI-UP Cl2 can be used con veniently with mobil e
phases containing more than 40 %of water. They are, in fact, applicable irresp ective
of the water concentration and without sampling or detection limits.

Neither aqueous sprays nor aqueous test solutions can be applied to the Merck
and Macherey, Nagel & Co. plates.

With RPS Unipl ates we encountered the same problems as with all impreg
nated or silanized plates , namely that the solvents were limited to liquids that were
relatively immiscible with the stationa ry phase , and the stability and reproducibility
were poor.

Fig. I. Separation of methionine sulphoxide and methion ine on KC 18 (a) and OPT/ -U P C I2 (b). Eluent :
3% NaCi in water. Development : (a) 180 min and (b) 45 min for 8.5 em. Detection: ninhydrin. 1,3 =
Methionine sulphoxide; 2, 4 = methion ine.
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Th e Mac herey , Nagel & Co. and Merck plates have disadvan tages such as the
applicat ion limits desc ribed by Siouffi et al,' and the Whatm an KC 18 plate was
useful only at water concentra tions up to 38 %. With the Wh atm an plate, the addition
of 3 % of sodium chloride to the solvent system prevent ed the dislodgement of the
chemically bonded phase from the glass backin g and a higher water concent rat ion
could be used, but other problems due to the salt arose (Fig . I). Sa lt effects in RPTL C
on silica gels have been described by Thijssen" ,

Several examples of the application and performa nce of OPTI-UP C I2 plates
have recently been published, for the separation of diastereoisorners", the qu antita
tive rad iome tr ic assa y of nucleosides", the prepara tive sepa ra tion of penems 7

.8 and the
bioautoradiography of antibiotics'i'" using solve nt systems containing 40-1 00 %
water.

In our lab orator y, we have been able to sepa ra te five da nsyl amino acids using
50 %water (Fig. 2), strongly polar Cibac ron dyes using 70 %water (Fig . 3) and two
catecho lamines using 95 %water (F ig. 4).

Fig . 2. Separa tion of five da nsyl (D ns) am ino acids on OPT I-UP C 12. Eluent : 50 % acetonitri le in water.
Development : 45 min for 8.5 em. Detection : UV, 366 nm . 1 = Mixture of 1- 5; 2 = Dns-CySOJH ( l jjg);
3 = Dn s-Asn (I jj g) ; 4 = Dn s-Arg (I jj g) ; 5 = mixture of 1- 5; 6 = Dns-t -e-am inobu tyric acid (I jjg);
7 = Dns-Ala (1 jj g).
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Fig. 3. Separ at ion of a mixtu re of stro ngly polar Cibacron dyes on OPT I-U P C 12. Eluent : 30 %ace tonitri le
in water. Developm ent : 60 min for 8.5 em. Detection : daylight. I = 25 /lg; 2 = 30 /l g ; 3 = 25 ug; 4 = 20
JIg; 5 = 15 JIg.

Fig. 4. Separa tion of noradrenalin e and dop amine on OPT I-U P C 12. Eluent : 5 % formic ac id in water.
Developm ent : 45 min for 8.5 em. Detection : Paul y's reage nt" . 1, 3 = Noradrenal ine (30 /l g) ; 2, 4 =

dopamin e (30 /l g).
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Note

Gas-liquid chromatographic analyses

II. Glass capillary gas chromatography of methyl monochloro esters of
aliphatic C

2-C 18
n-carboxylic acids

ILP O O. O. KORHON EN

Department of Chemist rv, Univcrs it v or Jvviiskvli ), Kvllik ink atu / - 3. SF-40lO0 Jyviiskylii lO ( Finland)

(First received January 29th. 1981; revised ma nu script receiv ed Feb ruary 27th, 1981)

Recentl y, gas chro matogra phic (GC) sepa rations of combined mixtures of
meth yl monochloro esters of aliphat ic C,,-Ct> (ref. I ) and C7-C IO n-carboxy lic ac ids?
and of meth yl, methyl 2-chloro and chloromethyl esters of alipha tic C 2-C2 0 It-carbo
xylic acids :' have been reported .

Thi s paper describ es a GC study of all methyl monochloro esters of alipha tic
C2-CI ~ n-carboxy lic acids on a Carbowax 20M glass capilla ry co lumn. Th e sepa
rati on s of combined mixtures of even- and odd-carbon-num ber esters were stud ied
under the same runnin g co nditions .

EXPER IM ENTA L

GLC analysis
A Var ian Model 2400 gas chroma tog ra ph. eq uipped with a fl am e-ioni zat ion

detector. was used for GC ana lyses. Th e chroma tograph was fitt ed with a 90 m x 0.3
mm J.D . 3 /., Carbowax 20M glass ca pillary column. Nitrogen was used as the ca rr ier
gas a t a fl ow-rat e of l .g ml/m in. The co lumn temperature was programmed fro m 50
to 200'C at 4"Cjmin and held at 200 'C un til elution of peak s ceased . The splitt ing
rati o was I :20 and the temperatures of injector and detec tor were 220 and 240"C,
respecti vely.

Samples
Meth yl monochloro esters of alipha tic Cj- C, II-ca rboxy lic acids were synthe

sized in pure form as descr ibed earli er". Meth yl mon ochloro esters of the C7-C t B acids
were prepared by chlorin ut ion ' :" of the correspo nd ing methyl esters . Th e crude chlo
rinati on mixtures were used for GC ana lyses.

RESULTS ANO DI SC USSIO N

Th e polarity of the isomeric mon ochloro esters increases with increasing dis
tance between the chloro and ester groups, which lead s to the bett er separations of
isomer s on polar than on non-polar columns.

0021-9673/81/0000-0000/$02 .50 ~ .) 19XI Elsevier Scientific Publish ing Co mpa ny
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The gas chromat ogram s of the com bined mixtures of even-ca rbon-number C1 

C I II and odd-carbo n- num ber CJ-C 1 7 methyl monochl or o esters a re illustrated in Figs.
I and 2 and th e relati ve re tentio n tim es of the co m po unds arc presented in Tabl es I
and II. All ret ention tim es were measured from sa mple injecti on and are tabulat ed
relat ive to unchlorinat cd methyl esters = 1.00 (Tab le I) and C 10 derivati ves = 1.00
(Ta ble II). Fig. 3 illustrat es the same dat a as T abl e I.
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The chroma togra ms show th at the mixtures of even- and odd-ca rbon-number
esters can be sepa ra ted. However , th e GC ana lysis of combined mixture of all C2-C j ~

meth yl monoehloro esters resu lted in severa l overlapping peaks, particularly with
long-chain isomers.

All of the isom eric monochloro ester s are resolvable up to a cha in length of
C1; ; for lon ger cha in length s up to C Ia- the peak s of the mid -cha in isom ers fro m 6-
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Fig. J . Relat ive re tent ion rimes ( R RT ) for meth yl mo nochlo ro este rs o f al ipha tic ('1 (' I X »-ca rb o xylic ac ids.
Ret ent io n times were meas u red fro m l-"i gs . I an d 2 a nd a rc presented re la tive to unchl o rin.ucd me thyl esters
= 1.00.

chloro to ((u-5)-chlo ro co m po und s a lways o ver lap. Seve ra l colum ns and va rio us ru n
ning co nd itio ns were used out the mid -chain iso mers of the C IJ-C 1II es ters co uld no t
be separated . A lthou gh [he methylm on ochl o rododecan oates a re ful ly reso lved " an d
the separa tio ns of lo nger cha in iso mers are slight ly bett er when the co lum n tempera
ture is pr ogra mmed slow ly, lon g retenti o n times and broad peak s of lon g-ch a in iso 
mer s a re o bta ined .

From Fig. 3 it ca n be seen that iso meric mon ochl oro est ers lea ve the column in
d irect seq uence from th e 2-ch lo ro to the «i-ch lo ro co mpo und. Te rmina lly chl orinat ed
product s arc th e most po lar . lead ing to relat ively lon g retent ion tim es co mpared
with o ther isom ers.

U nde r the run ning co nd itio ns used the grea tes t rela t ive reten t ion times arc
observed fo r C6-C!l isomers (Fig . 3. Ta ble I) a nd the va lues decrease with incr easing
cha in len gth. Wit h lo ng -ch a in iso mers. ho wever , th e relati ve ret ention times increase
with increas ing ch ain length owi ng to th e iso the rma l ru nning co ndi tions after 37.5
min.

As sho wn in Table II. th e relat ive retentio n tim es for isomeri c mon ochl o ro
esters from th e 2-chloro to th e «i-chloro co m po und a rc const an t. particul arl y for
lon g-chain este rs. With sho rt -cha in co m po unds (C 2'-C6)' however, the 2-chloro and
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«i-chloro isomers give rise to the grea tes t di sparities. which can clearl y be seen from
the first va lue in each co lumn.
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Note

Gas chromatographic separation of some en an tio mers on opticall y
active copper(lI) complexes

NAOB UMI 0 1*, K UNI O SH I BA, TO R U T A NI. HAJIM U KI T AH ARA and TA DAS H I 0 01

Inst itutefor Biological Science, S I/ II1i lll1l10 Chrmical Co., Lul.. 4-2-1 Tak atsukusa, Takarazuka-shi, l lyogo
ken 665 ( Japan )

( Rece ived March 9t h. \98\ )

Sch urig! accomplished the first gas chromatographic (GC) resolution of a
chira l o lefin on an opticall y active rhodium(l) com plex in 1977, In principle, such
complexat ion gas chromatography" should be applicable to all conceivable ligand
metal inte ract ions . Ind eed some enantio mers of epoxy co mpo und were reso lved '' :" on
optica lly active nickel(ll) o r euro pium(l l l) complexes. Recently we ha ve found tha t
ex-hydroxy carboxylic acid este r enant iomers co uld be resolved on copper(ll ) co m
plexes of opt ically active Schiff's bases":". In the present paper we wish to rep ort the
first d irect sepa rat ion of some chira l amino alcohols, amines, amino acid esters and

__a lcohols by G C on o ptica lly act ive co pper( I1) complexes,

EX PE R IMENTA L

Cite111icaIs
I-Dimethyl, l -diethyl and l-d ibutylamino-2-pr opan ol were purchased from

Wako (Osaka, Japan). Their O-trimethylsilyl (TM S) and O-ace ty l (Ac) deri vati ves
were prep ared by silylation with hcxam ethyldi silazan e an d trimeth ylchl orosilan e in
pyridine, and by acylati on with acetic anhydride in pyridine, respectively, 3-(2,2.2
Trifluoroethoxy)- and 3-me thoxy- l -tl'rl .-buty lamino-2 -pro pa no l were prepared fro m
3-chloro - I-tert.-butylamino-2-pro pano l by treatment with 2,2,2-trifluo roetha no l or
meth anol in a lkaline so lution. The 3-ch loro-l-tel"t .-b utylamino- l -propanol was de
rived by aminolysis with terf.-butylamine fro m cpichloro hyd rin. Amino acid iso
propyl esters were prepared fro m the corresponding amino acids by esterification in
an acidi c isopropan ol. 2-E thylpiperid inc, l -phcnylcthyla rninc. tetrah ydrofurfuryl al
co ho l and «-pheny lpro pargyl a lcoho l were purchased from To kyo Kasei (To kyo ,
Japan ) and 4-h ydroxy-3-methyl-2-(2-propcnyl)-2-cyd openten-l-one (a llcth ro lonc)
was pro vided by Dr. Ita ya of our la bor atory.

T he binuclea r copper(II) co m plexes of N-sa licyliden-( R)-2-am ino-l , I-bis(5
tel"t. -but yl-2-octyloxyphen yl)-p ro pan -l-ol (R- I64 X-Cu) and N-sali cy lide n-(S)-2
amino - I,l -di pheny lpro pan- l -o l (S-1600-Cu) were prepar ed by Dr. Nagase as de
scribed previously7

.

002 \-9673/8 \ /0000-0000 /$02 .50 'n 1981 Elsevier Scientific Pu blishing Compa ny
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Gas chromatograph v
Th e experime nts were ca rried o ut with a Shimadzu Mod el G C-7A gas chro

mat ograph equipped with a flame ioni zati on det ect or.
Glass ca pilla ry co lum ns (40 m or 20 m x 0.25 m m 1.0.) coated with the

mixtu re of R- I648-Cu and silicone OY - IOI (1 :1) or the mixture of S-1600-Cu and
Ucon oil 50-H B-5100 ( I: I) were used . Packed co lumns (2 m x 3 mm 1.0.) filled with
Chro mosorb W A W OM CS (80- 100 mesh ) coated with 6 '/.; of the mixture of R-I 648
C u and silicone OY-I OI (5 :1) were a lso used .

RESU LTS A N D DI SCUSSION

The result s of the GC sepa ra tio n of amin o alcoh ol. amine . amino acid ester
and a lcoho l enantiome rs ar c summa rized in Table I.

Racemi c amino a lcoho ls were reso lved into their antipo des with good sepa 
rati on factors. A typ ical chr omatogram is shown in F ig. I . As thes e optica lly activ e
copper( IJ) co mplexes show high selectiv ity for amino alcohols, their enantiomers can
be also separated on a pack ed co lum n as sho wn in Fig. 2. Th e mass spectra obtained
fro m two separated peak s were identical and con sistent with the sta nda rd spectru m of
the racemic com po und .

Hitherto, racem ic am ino alcoho ls were resol ved genera lly in the form of N
acy l-O-ester de riva tives using amino ac id or amine deri vat ives as the chira l sta tiona ry
phases":", It is notable that amino a lcohols were sepa ra ted witho ut an y pretreatment
such as acy lation. It was shown tha t nitrogen-a tt ach ed and oxygen-a ttached hydro 
gen arc not a lways necessar y for the separa tion of these amino alcoho l enantiorncrs.

i

o
I

4
i

6
I
8

i

10
i

12 14

Re t e n ti on t i me (mi n

Fig . I. G as chromatogram of racem ic l -d imct hyl umino-Zspropanol . Co lumn : glass capi llar y (20 m x 0.25
mm 1.0 .) co ated with a mixture of R-IMX-Cu a nd silico ne OV-IOI (I :1). Tcmpcrut ur c : 60 'C Carrier gas
(helium) flow-rate : 1.2 ml/rn in,
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I
a

I

20
i
40

[

60
I

80
I

100

Rete n t i on t i llle 'Il i rl

Fig. 2. Gas chro ma togra m of racemic l-d imeth ylam ino-2-prop ano l. Co lumn: glass (2 m x J mm I.D .)
packed wit h 80- 100 mesh C hromosorb W A W DM CS coated wit h 6 '\ . of a mixture of R-I 648-Cu and
silico ne OV- IOI (5 :!) . Temperatu re : 60 'C. Ca rr ier ga s (helium) flow-rate : 40 ml /m in.

However, the free hydroxy group sho uld be effec t ive for th e cnu n tiorncric sepa ra tio n
beca use sepa ration facto rs apparent ly decreased when the hydroxy group was trimct h
ylsilanized, and no sepa ra tion was o bse rved whe n th e hyd ro xy group was acylated .

It is also worth no ting that so me racem ic am ines a nd a mi no ac id esters cou ld
be d irectl y sepa ra ted witho ut N-acylation a lthoug h th e pea k sha pe accompani ed by
tailing was rather br oad . A n exa m ple of this is shown in Fig. 3. Moreo ver, it is

i

60 80 I
100

Retenti on t i me mi n )

Fig. J . G as chroma togram of racemic 2-elhylpi perid ine . Column: glass capillary (20 m x 0.25 mm I.D .)
coa ted with a mixture of S-1600-Cu a nd Ueo n oi l 50-HR-5100 ( 1: 1). Temperature : 60C. Carrier gas
(helium) flow -rate : 1.2 ni l/m in .
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int eresting th at som e chiral alcohols were resolved into their antipodes although no
ba seline separation had been obt ained .

We co ns ider that the se result s on o ptica lly ac tive copper complexes give new
ligh t for com plexa tion G c.
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Note

Essential oil composition of Aframomum korarima

T ESFA YE BIFTU*

Department of Chemistry , Addis Ababa University, Addis Ababa ( Ethiopia)

(Received March 3rd. 19X1 )

Aframomum k orarima (Per. ) Engler, family Zingiveraceae, is a perennial plant
endemic to Ethiopia ' . Its seed s, which are brown and shiny, have a diameter of 3-4
mrn, and have a strongly aro matic but slightly burning ta ste that could be matched
closely to Indian cardamoms.

C ufodontis ' reported th at the name for the spice cro p in Ethiopia is A./i"a
momum korarima (Per. ) Eng ler and that the name A. angustifo lium Schum has been
used by the Kew Herbarium a nd by Mooney", but th at he him self had seen no
specimen corresponding to A. angustifo liu m . A. angust ifolium has been used inter
cha ngeably with A . korarima by Mooney". It th erefore seems th at A . angustifolium
was used in error and fur the r studies by Cufodontis on th e plant in Ethiopia around
1969 seem to ha ve est a blished tha t the two species are d istinct.

Aframomum spp . yield th e rarer essen tia l o ils applicabl e in per fumery:'. but
littl e ch em ical analysis on th e esse ntia l oils of th ese spec ies has been carried out. Th e
o il of A. amon iense ("natural gera nio l") fro m Tan zani a was reported to ha ve con
stituents sim ila r to th ose of co mme rcial geranium oil ". Analysis of the oil s of A . mala
a nd A . amaniense by Lee and Worsely" showed th at it was co mposed of kajen e,
ca ryo phy lene, {J-pinene, terpineol , cin eol, gera nio l, gera ny l acetate and other un 
ident ified compounds. The co m posi t ion of the essential oil o f A. angust ifolium was
stud ied by Coomes et al "; who reported the results of th e analysis of seeds coll ected
from T anzania . The seeds were found to contain 1.1 % of vo la t ile oil and th e co n
stitue nts identified were «-pinenc (9.9 %), {J'-pinene (22.8 %), limonene and dipenten e
(8.4 %), cineole (18 .1 %). a lcohols (10 .7 %), sesquiterpenes (12.6 %) and esters (1.4 :%J

This paper reports the results of the gas chromatographic (GC) and gas chro
matographic-mass spectrometric (GC-MS) an alysi s of sam ples of Aframonuni k o
rarima En gler.

EXPE RIM ENTA L

Ma terials
Essentia l o il was obtai ned from A. koraritna by steam di st illat ion of co m

mercial-grad e seeds (moisture co ntent 13.7 :%:) from the Gamo-Gofa Administrat ive
Region of Ethiopia.

* Presen t add ress : Depart ment of Chemistry, Brand eis University , Waltham , MA 02254. U.S .A.
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Gas chromatography
A Hewlett-Packard Mod el 571OA gas chromatograph eq uipped with a fl ame

ion ization det ector was used . The o perating condit ion s that gave the best separation
are shown in Table I.

TA BLE I

O PERAT ING CON D IT IONS FO R H EWL ETT·PACK AR D MO DEL 57 10A GAS C H ROM ATO·
CJ RAPH

Stat ion ary ph ase
Sol id support

Co lumn lengt h
Co lumn dia meter
Co lumn mat er ial
Column tem perat ure :

Initi al
Fina l

Programm ing ra te
Detector
Injecti on po rt tempe ra ture
Detector own tem perature
Ca rrier gas (N 2 ) now-rate
Hydr ogen no w-ra te
Air flow-rate
Sam ple size

Carbowa x 20M ( I0 ~~<.)

C hromosorb W A W.
DM CS trea ted . 80- 100 mesh
6 ft .
1/8 in . O. D.
Sta inless steel

70 C
200 C
4' C/m in
Flam e io niza tio n
200C
200"C
66 ml /rn in
33 ml/rnin
330 ml/rnin
O.S It!

COli/billed gas chromatographv- mass spectrome try
The GC-MS system was a Finnigan Model 3200 instrument equipped with a

linear temperature programmer and a Mod el 6400 data system. The o pera ting co n
dition s of th e GC-MS system are given in T abl e II. Th e ion beam current was
recorded and used as the gas chromatogra phy tr ace. Mas s spectra (at 70 eV) co r
responding to the peak maxima were recorded . Each compon ent was identified by
comparison of the retention times and mass spectra with those of standard samples.

TABL E II

O PE RATING CO N D ITI O NS FOR F INN IGAN MO DE L 3200 GC MS INSTR UM ENT

Station ar y phase
Solid support

Co lum n length
Co lumn d iamet er
Column material
Co lumn temperature :

Initial
Final

Pro gramming ra te
Det ector
Inject ion po rt temperature
Carrier gas (He) now -ra te
Sampl e size

Carbowax 20M (10 'j,,)
Chromosorb W A W.
OM CS treat ed . 80- 100 mesh
6 ft .
1/8 in. 0 .0 .
Glass

70 C
200 'C
4C/mi n
MS ion beam detector
200'C
ca . 40 ml /min
0.5 p i
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R ESULTS AN D DI SC USSI O N

NOT ES

The essentia l oi l com posi tion of A . k orarima de termined by com parison of
ret ention data and MS fragments with those of a uthentic samples and the percentage
composit ion calculat ed from peak a reas are given in Table III.

T AB L E III

ESS ENTIA L O IL CO MPOS IT ION OF A FR A M O MU M KO RARIM A

Peak No .

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

Retent ion
time (min )

2.22
3.31
3.64
4.1 4
4.4 9
4 .86
5.23
7.73
5.94
9.7R

11.48
11.9 1
12.31
13.36
15.84
17.02
19.52
28 .06

JJ1 /e

136
136
136

136
154
136

154
154

154
204

Coml'0S;I ;OIl r;.,,)

2.2
2 1.4

0.9
1.0
9.1

33.9
2. 7
0.8
0.5
0.3
0.2
0.4
0.2
3.2
9.3
4.5
3.9
5.4

Compo und

<:I -Pinene
Ii-Pinene
Myrccne

Limoncnc
Cineole
j-T crpinenc

Tcrpincnc-s-o l
Terpinyl aceta te
G cr uny l aceta te
Gera niol
(Scsq uitcrpcnc )

It was found tha t A . k orarima yields a higher percentage of essentia l oi l (3.2 ~;; )

th an previously repo rted by Coomes ct. al," in ot her Afratnotnum spp.
GC ana lysis sho wed eightee n sepa ra te pea ks an d the major co nst ituents

(eleven peak s comprising 9 1.1%of the tot al ) were characteri zed. Of these pea ks. five
were monot erpenes, two were monoterpene a lcoho ls. two were este rs. one was an
ether an d one was a sesq ui terpene whose structure was not iden tified. T he major
com pon ent s of the o il, cineo le. limon ene , terpin yl acetate and the pincncs, were pre s
ent at appro xima te ly the same co ncentra tions as in Indian ca rdomom seeds ". In
addition, the difference in ch emical com positio n between A . ang ust ifoliunt and A .
ko rarima ind icate that the two species are ind eed dist inct.
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Note

Sephadex LH-20 chromatography of extracts of marine sediment and
biological samples for the isolation of polynuclear aromatic hydrocar
bons

L. SCOTT RAMOS* and PATTY G. PROHASKA'
National Analvtical Facility, Environmental Conservation Division. Northwest and Alaska Fisheries Center.

National Marine Fisheries Service, 2725 Montlak c Boulevard East, Seattle, WA 981 J:7 (U.S.A.)

(First received November lSth, 1980; revised manuscript received March 5th, 1981)

Determination of hydrocarbons in cnvir. nmcntal samples customarily rc
quires at least three basic steps: (a) extraction of the components from the sample
matrix, (b) isolation of compounds of interest from naturally occurring interfering
compounds by chromatography of the extract, and (c) analysis of the isolated extract
to detect and measure the componcntxl". To permit trace-level detection of hydro
carbons in sample extracts by current highly sensitive gas chromatogranhic (GC)
techniques, extremely efficient isolation procedures arc necdcd 5

.
6

.

Several procedures for separating hydrocarbons from interfering compounds
have been reported. Gel permeation-adsorption chromatography, using Sephadex
LH-20 with a low-boiling alcohol or solvent, has been utilized to Separate polynuclear
aromatic hydrocarbons (PAHs) from lipids and pigments":". Silica gel chromato
graphy? has been used to isolate aromatic hydrocarbons in marine substrates, but this
procedure alone provided inadequate sample clean-up for analysis by current GC
techniques. Giger and Blurrier!" reported a two-step procedure, using silica gel
alumina chromatography followed by Sephadex LH-20 chromatography (using ben
zene-methanol, I: I), to improve the isolation of PAHs from soil and sediment ex
tracts. However, recent data concerning the carcinogenicity of benzcnc'{v" make
substitution of a safer solvent system desirable.

We report a two-step procedure that combines silica gel chromatography and
Sephadex LH-20 chromatography using safer, contaminant-free solvent systems to
isolate PAHs from extracts of sediments and tissues from the marine environment.

EXPERIMENTAL**

Preparation oj"so/vents
Commercial, distilled-in-glass solvents (Burdick & Jackson Labs., Muskegon,

MI, U.S.A.; J. T. Baker, Phillipsburg, NJ, U.S.A.) were purified prior to column

* Present address: INPA-Fitoquimica, Caixu Postal 47X, 69.00~ Manaus AM. Brazil.
** Reference to a company or a product docs not imply endorsement by the U.S. Department of

Commerce to the exclusion of others that may be suitable.

0021-9673/81/0000-0000/$02.50 1981 Elsevier Scientific Publishing Company
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chromatography by redistillation in the azeotropic ratios in which they were to be
used : cyelohexanc-methanol (3 :2) and cyelohcxanc--isopropanol (2 :I) . The distil
lation of azeotropic mixtures resulted in a higher degree of so lvent pu rity than was
possible by dist illation of the ind ividual so lvents . Cyelohexan e and meth anol are not
miscible at room temperature, therefore a small porti on of dichlor om ethan e was
added to dissolve both so lvents into a single phase, result ing in a mi xture of cyclohex
ane-m ethanol-dichlorom eth ane (6:4:3). In addition. the dichl oromethane increases
the solubility of sample extract components in the solvent mixture.

Extract ion and hydrocurbon frac tiona tion
Sediment samples were extrac ted with meth an ol . then with dichl orometh ane

meth anol":' :' . Biologi cal samples were digested with ca ustic solution (4 N Na O H),
then extracted with dieth yl ether" . The extrac ts were filtered th rou gh a sho rt column
packed with gra nular co pper and silica gel to remove elemental sulfur and man y
int erfering polar compounds. includ ing som e lipids . The filtrat e was con centrated and
hexane was add ed; then the filtrate was concentrated aga in and transferred to another
silica gel column for separa tion into sa tura ted hydr ocarbon frac tions?'! 3 .

Rech1'0 /1III tographv (~I' I//I ,\'aturated [rae t ion
Sephadex LH- 20 gel (25- 100 Jim/size; Sigma, St. Lou is, MO . U.S.A.) was

prepared for co lumn chro ma togra phy by swelling ca. 20 g overn ight in the elution
solvent: L cyclohexane-methanol-dichloromethane (6:4:3), or II, cycloh exane-i so
propanol (2:1). The gel was th en poured into 300 x 19 mm J.D. columns. Th ese
columns were ca librated by eluting a mixt ure of azulene and perylene of sufficient
concentra tio n to be visible under UV light. If there was a dist inct sepa ra tio n between
azulene and perylene, the columns were further char acteri zed by eluting a sample
extract spiked with PAH sta nda rd . PAH s eluted from the gel in the 40-100-ml frac 
tion using solvent I and in the 40-140-ml fract ion with solvent II. Th e unsaturated
fra ct ion from the silica gel separat ion of th e sample extracts was then rechromato
graphed on each of th e Sephadex LH-20 columns to isolate th e PAHs. Eluates were
concen trat ed to ca. I ml and the so lvents excha nged with hexan e.

Gas chrom atography and mass spectrometry
Portions (2 jI \) of th e unsaturated hydrocarbon and PAH frac tions were eac h

injected. split less, into a Hewlett-Parkard 5840A gas chromat ograph equipped with a
flame-ionization detector and fused-silica ca pillary column coated with SE-54 (30 m
x 0.25 mm; J & W Scientific, Orang evale , CA , U.S.A.). Helium carrier was adjusted
to a linear veloci ty of ca. 28 em /sec at 150°C ; split rat io was 20 :I. Injections were
made at 50°e. and column temperature was programmed fro m 50-280°C at 4°/min.
G C-mass spec trometry (MS ) was performed using an ide ntica l G C system interfaced
with a Finnigan 3200 mass spectro meter used with an Incos 2300 data system.

RESULTS

Following calibrati on of the Seph ad ex LH-20 co lumns using solve nt I or II ,
recoveries of th e added sta ndards were determined (Ta ble I). In addition, the extrac t
fro m a highl y co ntamina ted environmental sample was analyzed by GC-MS before
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TABLE I

RECO VERY OF PAHs FRO M CO L U M N CH RO MATOG RA PHY ON SEPHA D EX LH-20

PAll Amount So/relit I So /ren t II

added I l lg )
Amount Rcco vcrv Amount Rccovcrv
I'e('ovcrcd ( ilK) (':',,) recovered ( ilK) ("" I

Na ph tha lene 5.45 5.07 9J 5. 12 94
2-Mcthylna pht halen c 5.00 4.60 92 4.59 92
Biphenyl 5.75 5.2J 9 \ 5.25 9 1
Phenanth rene 6.10 5.98 98 5.67 9J
I-M eth ylphenan threne 5.20 5.0 \ 97 5.04 97
Flu or an thene 5.85 5.56 95 5.55 95
Chryscnc 7.50 7.48 100 7.4 1 99
Benzo[e]pyrene 5.40 5.24 97 4.72 87

.\" = 95 .\" = 9J .5

and afte r Sephadex LH-20 column chro ma to gra phy (solvent I). PAH percent re
co veries fo r the env ironme nta l sa m ple, determined by co m pa riso n of concent rations
before a nd aft er Sepha dcx , were sim ilar to th ose for th e adde d sta nda rds . Elution
vo lumes of seve ra l PAHs on a Scphadex LH -20 column using so lvent I arc given in
Fig. I.

Recover y
(pe rcent)

+

"'1°o:;;r

ro \
\

Olefins

\,-~
/

I
I
I
I
I
I

I
I

I

40

20

Eluti o no L.....-L-.,_ -L ~~.ll-....L._ _ --'l-....L...IoL_-L_-?'-.L.:L....._ _ ~-.-_ _ ~ vo lume (ml)

60

30 40 50 60 70
Fig. I. Elution pattern or selected aromat ic hydrocarbon s on Scphadcx LH- 20 using cyclohcxunc mc ih
anol-dichloromcthane (6 :4:J).
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GC an alys is of the un sat urated hydrocarbon fra ct ion of both a sed iment ex
tract (Fig. 2a) and a crab hcpatopancrcas extract (Fi g. 3a) following silica gel chro 
matography revealed a large number o f co m po unds that coelutc with PAH s a nd
inter fere with their determinati on by G'C. These compounds were shown by GC-MS
ana lysis to be large polyunsaturated a lipha t ic hydrocarbons. The int erfering com
pound s were removed by chro ma togra phy of thi s fra cti on on a Scphadex LH-20
column , as sho wn in Figs. 2b and 3b.
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F ig. 2. Gas chro ma tog ram of a n in tertida l sed ime nt ex trac t following chromnt ographic dea n-up with (a)
silica gel . a nd (b) silica gel. fol lowed by Sephadcx LH-20 usin g cydoh.:xa n.: - mcl ha no l-dichloromcthanc
(6 :4:3). See text fo r GC parameters. Peak identities were veri fied by GC..MS. Labelled pea ks a rc : I.S. =

intern a l standard ; I = naphth alene: 2 = mcthylnaphthalcncs; 3 = biphenyl : 4 = dimeth ylnaphthulen cs:
6 = fluorene: 7 = phenanthrene ; X = mct hylph cn un thrcnc s: 'I = d ime thy lphcnan thrcncs: 10 = tluor a n
thcne: I I = pyrcnc : 13 = chrysc nc ; 14 = bcnzolelpyrcnc: 15 = bcnzolulpyrcnc: 16 = pcrylcne.
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Fig. 3. Gas chromatogram or a cra b ( Callcer gracilis) hepat opancreas extract. Sec Fig. 2 for ana lyt ica l
conditio ns. Add itional labelled peaks arc : R.S. = recovery standard; 5 = ace na phthene; 12 =
benz[a]anthracene ; 17 = Clj -polychlorinated biphen yls (PCB s); 18 = C is-PC Bs; 19 = CI,,- and CI7-PCBs;
20 = C1 8 -PCB.

DI SCUSSION

Previous isolation methods have either failed to separa te adequately the PAH
frac tion from interfering substa nces or have used benzene which is both carcinogenic
and difficult to purify. Our two- step procedure replaced benzen e with contaminant
free azeotro pic so lvent mixtu res while ach ieving the desired isolat ion of PAHs. A
co mparison of the chroma tog rams of a sediment extrac t (Fig.iZa) and a crab hep ato
pan creas extract (Fi g. 3a) taken'beTore Sephaaex'LH-20 chroma tography with those
taken afte r clean-up (Fi gs. 2b and 3b) shows the virtua lly co mplete removal of inter
fering compounds from th e aro ma tic hydrocarbon fra ction. In addition, thi s method
gave high PAH reco veries (Tabl e I) and eliminated the need for MS techniques to
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sepa ra te target compounds from cocluiing su bstances before quantitations could be
mad e.

The c ut-o n' poin t be tw een the o lefinic fract ion a nd th e PAH fractio n was fai r ly
cr it ica l with solvent L as show n in Fi g, I . A ltho ug h certain a lky la tcd ben zen es (C' .g.,
t ri isopropylbcn zcn c) may not totall y se parate fro m the o lefins , m ost PAH s we re ,
however, isol ated fro m inte rfe ring com pounds. So lven t [[ se pa ra ted PAH s from
in ter feri ng co m po unds better th an so lve nt [ (C' .g.. no e lu tio n overl a p bet ween o lcfins
and tr iiso pro pylbcnzcnc), so th at the fra cti on end -p oint wa s not as cri tical. However.
sol vent II eluted PAH s o n ly half as fast as so lven t [ under th e sa me pr essure, and 50 'X,
mo re so lvent was req ui red. Al so, the boiling point fo r so lven t " is 15 C h igh er th an
th at for so lven t L increasing th e possibil ity of eva pora t ive losses o r ox ida tive cha nges
o f co m pone nts during co nce ntra tion ste ps . Sol vent I wa s preferred for ro uti ne a na l
YS\.'S becau se o f its speed o f elut ion and lo w boiling point.

ln sum mary , o ur two- st ep iso la t io n procedure se pa rated PAH s in mari ne sa m 
ple s from int erfering co m po unds with good rec o veries of target compounds. T he
relati vely simple gas chrom a to gra m s o f PAH fr acti ons isol ated by th is procedure
a llowed d irect q ua nt ita tio n . Fi na lly, to im prove the sa fe ty o f the pr ocedure, t he
carci nogenic so lvent. be nze ne. was re placed with sa fer . co ntam ina n t-free so lven t sys 
tem s.
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Note

Separation and determination of thiamine-binding proteins in rats by
high-performance liquid chromatography

M IE KO KI M UR A' and YOSH INO RI ITO KAWA

Department of Hyg iene. Facultv ofMedicine , K voto Universitv, Kvuto (Jupun }

(Rece ived March l Oth, Inl )

Ample evidence has accumulated to indicate tha t th iamine has a specific clec
trophys iologica l functi on in ner vous tissues independent of its coenzyme functi on 1-5 .

From several studies":":", we ass ume that thiamine-b inding proteins play an imp or
tant ro le in the form er functio n. However. propert ies and ac tions of thiamine-binding
prote ins in anima ls arc qui te obscure becau se of their complexity .

Recently, high- speed ge l filtra t ion using high- per forman ce liquid ch rom ato
graphy (H PLC) has been deve loped ", a nd we have ex plored a new ana lyt ica l met hod
for the separa tion of thia mine-bindi ng proteins that ca n be a pp lica ble for studies of
thia mine-b ind ing prot eins in animals .

EX PE RIMENTA L

Apparatus
The system co nsists of a LC-3A pump for liqui d chromatogra phy. a SIL- IA

injector, a TSK-Gcl G -3000 SW co lumn, a SPD -2A UV detecto r, a PRR-2A pro
port ioning pump, a R F- 500 LCA spectrofluo ro pho to me ter and a strip cha rt record
er. T he TS K -G el co lum n was purchased from Toyo Soda (Tokyo, Japan ), and a ll
o ther eq uipment was purchased fro m Shimadzu (Kyo to. Ja pan ).

Preparation of samples
Male Wistar rats were killed and tissues removed . The tissues were homoge

nized with nine volumes of 0. 1 M sodium acetate (pH 7.5) containing I %Triton X
100 and centrifuged at 44,000 g fo r 60 min. The supern atant was used as the sample.

Procedures
Th e HPLC sys tem is schematica lly shown in Fig. I. A 50--100-J.l1 aliqu ot of

sample was injec ted onto th e co lumn, afte r the zero time being marked , using O. I M
sodi um ace tate (pH 7.5) as mobile ph ase at a flow-ra te of 0.5 nil /m in. The absorba nce
at 280 nm was monitored co ntinuo us ly with a UV de tector. A so lution co ntai ning
0.01 %pot assium hexacyan oferr at e(III ) and 15 ~;.') sodiu m hyd roxi de was applied and
mixed with the co lumn elua te at a flow-rate 01'0.5 rnl /rnin with a proportioning pu mp
to co nve rt thi amine-bind ing proteins int o fluoroph orcs, T he fluor escence was
measu red usin g a 12-pl flow cell wit h a spec tro fluorimeter (exci ta tion wave length . 375
nm ; emission maximum , 450 nm ) an d reco rded graphica lly.

~ 1 -9673/8 1 /0000-0000/$02.50 © 19R1 Elsevier Scientific Pu blishing Co mpany
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HPLC PUMP

MOBI LE PHASE
O. l M CH3COONa
0 . 5 rn1/rnin

REACTING PUMP

29 1

REACTION REAGENT
O. 0 1% K3Fe (CN) G

in 15% NaOH
0.5 rn1/rnin

RECORDER DRAIN

fig. I. Schematic d iagra m of the HPLC system.

Determination ofthiam ine and transketolase act ivity bv conventional meth ods
Thiamine was dete rmined by the th iochrom e method of Fujiwar a and Matsui".

Transkctolasc (E.C. 2.7. 1.1) activity was assayed by the method descr ibed by
Itokawa 10 .

RESULT S AN D DI SC USSION

Fig. 2 shows separa tion patterns of th iam ine-b inding proteins from ra t brain.
Nine peaks with UV abso rpt ion and three peak s with fluorescence were observed. A
blank study was pe rformed by adding a soluti on without hexacyanoferratetl l l ), and a
small peak at th e positi on of the first fluorescent peak (indicated by th e brok en line)
was observed. When th e free form of thiamine or eac h thiamine phosphat e este r was
applied on thi s sys tem, the substance yielded was found in a fluorescent peak at the
position correspo nding to the third fluo rescent peak o f ra t br ain pr oteins.

Thi am ine co ncentratio n an d transkctolasc ac t ivity of po oled fracti on s of each
peak were determined . Thiamine co ntent in 50 pI of brain samp le was 5.78 , 6.00 and
6.09 ng in the first. second and third peak. respec t ively. Transketol ase ac tivity was
detected onl y in th e seco nd fluorescent pea k.

Elution pa tte rns of thiamine-binding pr o teins from sciatic nerve are shown in
Fig. 3. Similar to th e cas e of brain protein s. three fluorescent peaks were observed .
The height of th e first pea k increased and th ose of the second and th ird peaks de
creased as compar ed with the pattern of br ain proteins. As the dist ribution of



1\ 1\ \

IV ~ IV

A
2

8
0

n
m

A
2

8
0

n
m

I
!

I
I

,
!

,
I

I

z o -l m C
/J

30
20

F
lu

o
re

s
c
e

n
c
e

10
,

I
I

,
t

I
I

,

F
lu

o
re

s
c
e

n
c
e

30
20

10

I I

---
--1

1 E
lu

ti
o

n
v

o
lu

m
e

(m
il

E
lu

ti
o

n
V

o
lu

m
e

[m
l
1

F
ig

.
2

.
E

lu
ti

o
n

p
ro

fi
le

s
o

f
th

ia
m

in
e

-b
in

d
in

g
p

r
o

te
in

s
in

ra
t

b
r
a

in
.

F
ig

.
3

.
E

lu
ti

o
n

p
ro

fi
le

s
o

f
th

ia
m

in
e

-b
in

d
in

g
p

ro
te

in
s

in
ra

t
s

c
ia

ti
c

n
er

v
e

.



..

~ !\ I' L

z o ..., rr
I r.n

,
I

I
I

I
I

I
I

I

10
20

30
I

I
I

I
I

I
I

I
I

10
20

30

E
lu

ti
o

n
v

o
lu

m
e

[m
l

)

F
ig

.4
.

E
lu

ti
on

pr
o

fi
le

o
f

th
ia

m
in

e-
b

in
di

n
g

pr
o

te
in

s
in

ra
t

he
ar

t
m

o
n

it
o

re
d

b
y

fl
uo

re
sc

en
ce

.

Fi
g.

5.
E

lu
ti

on
pr

of
il

e
o

f
th

ia
m

in
e-

bi
nd

in
g

p
ro

te
in

s
in

ra
t

li
ve

r
m

o
ni

to
re

d
by

fl
u

or
es

ce
n

ce
.

E
lu

ti
o

n
v

o
lu

m
e

[r
n

l)

N '-
0

W



294 NOTES

thiamine-binding proteins in membrane structure seemed to be higher in sciatic ner ve
rather than in brain, we presumed that the first fluorescent peak included th iamine
binding proteins in membranes.

The elution profiles of thiamine-binding proteins of heart and liver monitored
by fluorescence are shown in Figs. 4 and 5, respectively. In both cases, six fluore scent
peaks were observed . The third and highest peak of liver con tains transkctola sc
acti vity.

From these elution patterns of sam ples from various tissues. we can assume
tha t the first peak (high-molecular-weight substances) contains thiamine-bi nding pro
teins in mem bra ne structure, the middle peak incl ude s tran skctolasc and the last peak
(low -molecular-weight materia l) corresponds to free forms of thiamine phosphate
esters.

Altho ug h thi s st udy is at the prelimin a ry stage a t present, HPLC seems to be
one of the most useful tools to iden ti fy the various th iamine-b indin g prot eins in
ani ma l tissues since thi s me tho d is sens itive and rapid .
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Note

Separation of pinitol and some other cyclitols by high-performance
liquid chromatography

M. G H IAS- UD -D IN* . A. E. SMITH and D . V. PHILLIPS

Drpu rtmcnts ofAgronomv and Plan t Pathologv; Univcrsit v o((jeorgia College ofAgr icultura l Expvrimcntu!
Stations , Georgia S tation, Experimen t, GA 302 J2 ( U.S .A . )

(R eceived Mar ch 261h. 19l\1 )

Pinitol (1 D-3-0-chiro-inosit ol) was recognized to be a maj or cyclit ol in fol iage
and stems of man y legume species onl y a few yea rs ago ", although it has been kn own
to exist a t low levels in cert ai n o ther plants . G enerally. sepa ra tio n of pinitol and
va rious othe r cyc liio ls fro m plants ha s been a d ifficult problem. Separation of ino
sii o ls and polyhydric a lcoho ls ha s been attem pted by part it ion chro ma togra phy
with ion-exchange rcsins "". and by thin-l ayer chromatography. Some examples of
the later method include two-dimensional chroma togra phy of carbohydrates on silica
gel impregn ated with bori c ac ids. sodi um bor ate ", by I-butan ol-aqueou s boric ac id
mi xtures", an d by usc of lead (I I) o n silica gel". More recently, gas -liquid ch romato
gra phy (G LC ) has been success fully utili zed for sepa ra tion and quantitati on of th ese
com po unds. Phillips and Smith'! reviewed thi s technique comprehensively and evo lv
ed a fas ter method for separa t ion of pin itol fro m plant extracts. During th e past few
years high-performance liquid chrom atogra phy (HPLC) has been used for the sepa
ration of sug ars in various food s and food productsIO~13. D ata on th e use of this
technique for sepa ra tion of plan t cyclit ol s is lim ited although separation of so me
polyh ydric alco ho ls in fruits!" and of ph ytic acid in rice br an ' 5 ha s been reported.

Research on th e metaboli sm of pinitol requ ired a fa st a nd accurate method to
isol at e and purify radi oactively labelled pinitol from legume plant extracts tr eat ed
with [' 4C]myo-inositol. This was of importance because radioacti vely labelled pi
nitol was not a vaila ble fro m commercial so urces. The more widely used GLC meth
od s, altho ugh very pr ecise, wer e useless since these methods required cyclitol de
rivati zation pr ior to chromatography, making th e cyclito ls unavail able for further
metabolic studies. This report describes an HPLC method developed in our labo
ratory for sepa ra tion, purification and concentrati on of e4 C]pin ito l from soy bean
plan t extracts .

MA T ERIALS AND METH ODS

Apparatus
The an al ysis was carried o ut us ing a Micromer itics (N orcross, GA, U,S .A.)

so lven t deli very sys tem (Model 750) connect ed to a uni versal syringe loading sa m ple
injector (M ode l 730, eq ui pped with a 100-J~lloop) and a refracti ve ind ex (R I) detector

0021-9673/81/0000-0000/$02.50 (() 1981 Elsevi er Scientific Publ ishing Co mpany
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(Mode l 77 1) se t at 0.05 · 10 - J RI un it sens itivity . Chro matogra ms were recorded on a
Heath Schlumberger (Benton Harbo r. ML U.S.A .) recorder (2100 ser ies. 10 m V, full
scale range) set at a chart speed o f 0.4 ern /m in. The chromatograph ic column wa s a
pre-packed silica-bonded stainless-steel column (M icrosil) purchased from M icr ornc
ritics. A 5 em x 0.4 6 em stainless-steel precolumn. packed with 10-,um silica gel
(Wh atrnan , Clifton . NJ. U.S.A .) usin g a column packer (Model 705. Mic rorn eritics)
was co nnec ted in series to pr ot ect the main co lum n. The void vo lume of th e sys tem
was a bo ut 5.8 ml.

Reagents
Th e following reagents were used : (a) H PL C- grade ace to n it rile (F isher Scien

tific. Fa ir lawn. NJ. U .S.A .); (b) wa ter. glass red istill ed a nd degassed for 5 m in : (c)
myo-inosito l was purcha sed from Sigma (St. Louis. MO . U.S.A.) . Pinitol and
chiro-in ositol were prepared in o ur laboratory and the pur ity was check ed by gas
chromatography-mass spectrometry. Sequoyitol was kindly supp lied by Dr. Laurens
Anderson of the D epartment o f Biochemistry. University of Wisconsin. Madi son.
WI . U.S .A . [14C]M yo-in ositol (sp ecific act ivity 278 mCi /mm o l) was purchased fro m
Arnersha m (A rling to n Heights, IL U.S.A.).

Sta nd ard so lutio ns were prep a red by disso lving 50 mg of each compound in 5
ml of th e so lvent exce pt seq uoyi to l which. d ue to a limited qu antit y. wa s used at a
lower co ncentra t io n ( 15 m g/5 ml ),

Liqu id chroma tograp liv
The mobile ph ase em ploye d acetoni tri le-water (78 :22). T he so lvent was de

gassed under vacuum fo r 5 min a nd filtered through a 0.2 2-J(111 Millipore filter. The
column was equilibrated for about 45 min with th e mobile ph ase. A 25-Jtl a liq uo t of
each sta ndard so lut ion o r mixture wa s chromatographed a t a flow-rate of 2 ml /min .
The ide n tity of sta ndard peaks was checked by G LC accordi ng to the method of
Phillips and Srnith".

R ESULTS AN D DI SC USSI O N

Fig. 1 sho ws th e sepa ra tio n of vario us cycli to l sta ndards usin g a mo bile phase
o f ace to ni tri le-wate r (7S :22) a t a flo w-rat e of 2 ml/rnin . The elutio n tim es of pin itol .
scq uoyito l, chiro-inositol and m yo-inositol were 8 min 38 sec. 10 m in 8 sec . 12 min 45
sec. and 15 min 23 sec, respectively. Each peak wa s collected an d identified by G LC 9

.

This sys tem provided a rapid and baseline re solut ion of all cyc lito ls. Increasing the
ace toni tr ile concentrati on in th e so lven t beyond 7S ~~ ;, red uced th e retention time but
th e pea k wid ths were increased whi le decrea sing concentra tion of aceto nitri le or the
flo w-rat e delayed th e elu tio n tim e unnecess a r ily.

F ig. 2 shows th e chro ma togra phic pr ofile o f the [14C]m yo- inosit ol-treat ed
soybea n p lan t extract which had been cleared of the sugars by runn ing th rough a set
of io n-exc ha nge co lum ns before inject ing on th e HPLC column. There was a very
good separa t ion be tween [14C]pin itol (pea k 2) a nd myo- inosit ol (pea k 6); co n
seq uently, it was q uite easy to co llec t the radioac tively labelled pure pinit ol from the
rest of th e intermed iates of cyclitol metabolism. These samples co nta ined sm all quan
titics of methanol, wh ich eluted immediately after the solvent front, resulting in a
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Fig . I. C hro m a togra m o f cycl itol st andards [co ncent ra t io n 10 Jig /III exce p t for scq uoyi to l (3 Ilg/JlI)J o n a
Mi cros il co lum n a t room temper at ure . wi th mo b ile ph ase acetoni tr ile wa ter (7X:22) a t a flo w-r at e o f 2
ml /rn in . cha rt speed 0.4 em/m in . Pea ks : I = pin ito l: 2 = scq uo yi io l: -' = ch iro-inosiro l; 4 = myo -inosito l.

F ig. 2. Se pa rat io n o f pinito l a nd related cycl iiols from soy bea n plant ex tract wh ich had bee n ru n th ro ugh
the io n-exc ha nge colum ns : Mobile phase aceto n itr ile wa te r (7X:22) ut a flow -ra te o f 2 m lj min. c ha rt s peed
0.4 ern /ruin . Pea ks: I = un kno wn; :2 = piniio l: -' = scq uoy ito l: 4 = un kn o wn; 5 = c hiro -inosito l: 6 =
m yo -ino sito l.

nega tive peak . Pea ks I ami 4 arc cur rent ly unidentified . a ltho ug h it shou ld be possible
to co llect and ide ntify th ese pea ks by co -ch ro ma togra phy with known standa rds o r
by gas chromatogra phy -mass spectrome try.

A problem encountered duri ng these analyses was that gluco se. if pre sent in the
plant extract. eluted with seq uo yito l since these compounds had th e same capacit y
ratio . Therefore it is absolutely nece ssary to remove suga rs before scq uoy ito l determi
nati on s co uld be accom plished .

No attempt was made to q uantify th e amount of each cycl ito l present in these
samples. However. it is possib le to q uantify the compounds by comparing the peak
heig ht of the sample to the co rrespondi ng linea r sta nda rd curves co ns tructed by
ru nning differe nt co nce ntra tions of the standa rd so lut ions thro ugh the system. T he
proposed HPLC meth od is relat ively ra pid and is q uite useful for the separat ion and
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qu antitat ion of pinitol and other cyc lito ls in situa tions where th ese compounds have
to be saved for further biochemical work.
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Note

Antioxidants and stabilizers

lXXXVI*. Use of chromatography in the investigation of the mecha
nism of action of amine antidegradants

Jl TK A ROTSCHOVA' and JAN I'OSpi SIL

i nst itute or MII<'I'/IIlIo/l' ('///ar Cl icmistrv, Czechoslo vak Academy or Sciences. I f>2 Of> Prague 6 ( C::l'c!IOS/O
vakia )

(R eceived February 26th . 19XI)

Rubbers are protected against atmospheric ageing mainly by additi ves of the
IA-phenylened iamine (I A-PD) type, which possess antioxidant and /or ant iozonant
prop erties. In ord er to und erstand the mech anism of their act ion , one ought to have a
knowledge of changes in the composition of the additi ves during ageing and the
properti es of the reaction products. Th e identification and determination of the or ig
ina l amines and especially of their tr an sformat ion products directly in the polymers
or in extracts of aged polymers are very difficult. Th e an alysis of rubbers, which
contai n, in addi tion to amine sta bilizers, other processing and vulcanizing additives,
is particularly difficult. Basically, these compounds impede the total analysis of mix
tur es in rubbers, and thus the obta ining of data needed for the det ermination of the
mechanism of action of amines und er specific ageing conditions. Chromatogra phic
meth ods are to be preferred to other methods for the solution of these problems,
which are important from both theoretical and technical points of view' :",

One of these problems consisted in developing an alytical methods for amine
additives and their transformation products under model conditions. We investigated
the thermal oxidation, photo-oxidation and ozonization of low-molecular-weight
liquid hydrocarbons.' and examined possibilities for the determination of changes in
the composition of the additives during these processes by using thin-layer (TLC) and
liquid chromatographic (LC) methods.

EX P ER I M ENTAL

Chemicals
The following compounds were used for the stabiliza tion of hydrocarbons :

N,N '-diphenyl-I,4-phenylenediamine (DPPD) (Altofane DIP; S.A. Francaise des
Matieres Colorantes, St. Denis, France), N-isopropyl.N'-phenyl-I ,4-phenylenedi
amine (IPPD) (Santoflex IP ; Monsanto, St. Loui s, MO, U.S.A.) and N-cyclohexyl-N '
phen yl-I ,4-phenylenediamine (CHPPD) (ASM 4010; Bayer, Leverkusen, G.F.R.) .

* Part LXXXV : ref. 3.
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Pur e co mpoun ds were o btai ned by repeat ed crys ta lliza tion of commercial sa mples.
For th e lA-benzoquinonedii mi nes (BQ O I), th e symbols denoting substit ution in the
N.N '-positions are the sa me as th ose used for de rivatives of 1A-PO ; they were pre
pared by th e oxidati on of di arnines with pot assium hexac yan oferr ate(l I1)4 o r silver
oxides.

Me thods
So lutions of purified tetralin , cyc lo hcxcne, sq ua lanc and sq ua lene in chl o ro

benzene a nd pur e oxygen were used in the oxi da tio n experiments . T herma l oxidat ion
was initiat ed with azobi sisobutyr oni t rilc (A IBN) a t 60 'c' an d pho to -oxida tion was
exam ined a t 35' C with irradiat io n wit h light of wave leng th 300- 400 nm. A chloro
benzene so lut io n of sq ua lene was used at 25"C for ozo nizatio n wit h ox yge n- ozone
mi xtures with a rat e of ozone gene ra t ion of I g/h. A tmospheric ageing of d iarnincs
and BQOI was ca rr ied o ut in chlo ro bcnzenc so lution a nd in th e so lid phase at 25' C.
Samples for analyses were tak en durin g th e oxid ati on processes.

Chromatogra phic analvses
T LC wa s ca rr ied o ut using Silu fol U V 254 silica gel sheets (Kuva licr, Voti cc.

Czec hos lova kia) and de tec tio n with hcxacyan ofcrru tct II I) reagent. ac idic po tassium
perrn an ga nat e so lut io n a nd a UV lamp. T he elu t ion sys tems were S I = ben zene
aeetone-26 j;; aqueous ammonia so luti o n (95 :5: 0. 1) a nd S2 = light petro leum-diet hyl
ether- trie thylami ne (50:60 :0 . I).

LC was ca rried o ut using a n LC C hrom 50 chro matogra ph (Labo ra tory In
strume nts. Pra gu e. Czec hos lovak ia) with a 300 x 4 mill 1.0. glass col um n pack ed
with SG - IO silica gel (In stitute of Ma cromole cul a r Che mist ry . Czechos lova k Acad
emy o f Scie nces. Pr agu e. Czecho slova kia) at a now-rat e of 33-64 ml /h a nd a
pressure of 1-1 .5 MPa ; detection wa s effected with a d iflcrcntial flow UV a na lyser at
254 nm. Th e eluti on systems were mi xtures of isopropanol and II-hexan e in va rious
propo rti on s co nta in ing 0. 1Ii;, of tr iethy lami ne .

RES U L1'5 A DD ISC USS IO

T he resu lts showed th a t the indi vidua l deri va ti ves of l A-PO a nd BQOI co uld
be adeq ua tely det ermined by usin g eit he r T LC or LC (Ta ble I). BQOI deri vat ives
pr epa red indepen dentl y as sta ndards by the oxi da tio n of lA-PO fo rm in so luti o n a

TA BL E t

s, VAL U ES O F DE R IVAT IV ES OF lA-PO AND BQ DI IN SYST EMS S, . 51

Compound

N-Iso pro py l-N '-phc ny l- lA-p hen ylenediamine (II' I' D)
-Iso pro pyl- " -phenyl- IA-ben zoqu ino ncdiiminc (IPBQDf )
.N ' -Di phcnyl-l ,4- phcnylened iam ine (DPPD)

N.N '-Diphc nyl- IA-bcnzoq uinoncd iimi nc (D PBQD l )
N-Cyclo hcxyl-N '- phe nyl- IA- phcnyle ncd iam inc (C H PI'D)
N-C yclo hcxyl-N '-phcnyl- IA-bcnzo q uino ned iiminc (C H I'B Q DI )

R,.

OA7
0. 15 + 0.30
0.5 1
0.22 + 0.3 1
0.54
O. IX + 0.29

OA7
O.2x + 0.4 5
0.49
0.3X + 0.46
0.50
(U O + 0.37
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mixture of svn- and {//lfi-stereoisomersh
; in LC they form two peaks with sim ilar

elution tim es (Fig. I). a nd in T LC they yield two spo ts with simi la r R; valu es. Thi s
find ing co m plica tes th e in vestigati on of tra ns for ma tio ns or l A-PO in rubber extrac ts.

a b B C d BA

A
C C

B

C

v\ 0 l----J j\J ~ /V'

e f A
9 hB

C

B A
A

A

C

LJ~u~-A~~l
10o10o10o o 10

t (min)

Fig. I. Liqui d ch ro ma tograms of transformat ion pr od uct s of I" BQDI after long-term age ing . Elue nt. 15 '\.
isoprop anol in II-hexane + 0. 1.... t riet hylam ine: U V detec t io n (254 nm ). Peak s : A. 11'1'0 ; B. C. iso mers of
(" BQ DI : D. aceto ne. (a ) Recr yst a llized 11'1'0 ; (h) recr ysta llized IPBQDI ; (c) freshly prep a red mixtu re o f
11'1'0 + IPBQ D I. Ageing of IPB Q DI : (d ) 3 da ys: (e ) 14 days : (f) 60 da ys ; (g) 151 days: (h ) 203 days.

In th e lon g-t erm atmos pheric agein g (I year) of IPP O. OPPO and CHPPO in
so lutio n. chemic a l ch an ges occurred in which a m ixture o r severa l co m po und s with
lower I"" o r R ; va lues th an th ose of the in itia l am ine a nd a sma ll amo unt of th e
co rres pond ing BQ OI were fo rmed . In the so lid sta te. l A-PO derivat ives a rc mo re
sta ble. A percept ib le cha nge takes place o nly in cr ysta lline IPPO (cha nge in co lo ur ; a
sma ll spot at the star t a ppears in T LC ). O n th e ot her hand. C H PPO and OPPO were
sta ble. Int eresting dat a were provided by a n inve sti gation of the long- term ageing of
pure BQO!. OPBQOI was very sta ble; no visible change s occur red d ur ing the in
vestiga t io n. C H PBQ O I changed very s lo wly to a co rrespo nd ing a mi ne (whic h a p
pea red in the mi xture afte r RO- IOOdays). IPBQOI was tr an sformed very qu ickl y int o
IPPD and a mi xture of o ther am ine co mpo unds with a lo wer V.>o r R; va lues (Fig. I ).
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Aft er 342 days, IPBQDI completely d isappeared from the reacti on mixture. With
res pect to the mech an ism of action of these additives, this result suggests an impor
ta nt role played by the character of the N,N-disubstitution of lA-PD. Dat a on the
composit ion of the mi xture of pr oducts thu s obtained cannot be genera lized for the
vari ou s derivatives of lA-PO because of the different reactivities of the derivatives of
BQDI , which are an impo rta nt pr imary tr an sformat ion product of lA-PD.

Reaction mixtures were an alysed in detail during the ox ida tion of tet ralin ,
cyclohcxe ne, squa lane and squale ne sta bilized with derivat ives of lA-PD. LC dem
onstra ted in a ll instances tha t d uri ng the ind uctio n per iod the co ntent of lA-PO
gra dua lly decreased , while the co ntent of deri vati ves of BQDI increased . During the
induction period (de termined kinet ically by oxygen abso rption measu rements) and in
the oxida tion stages after the inducti on period the reaction mixture conta ined only
deri vat ives of BQDI in all instan ces, the origi na l amine having disappeared. The
ch rom at ograms in Fig. 2 provide an example : the y represent the composition of
products after the oxidat ion of sq ua lene. On the one hand , thi s result confirms the
tran sformation of 1,4-PD as a conseq uence of the ro le pla yed by its chain-breaking
prop ert ies during the autox ida tion, and on the other, it is one of the pieces of evidence
for retardation of the oxidatio n stages after the ind uction period.

a b

B

C

B

C

~ I li
o 10 o 10

t (m in)

F ig, 2, Liquid chrom at ogram s of the rea ction mixture in th e induction period range in the inhi bited
oxidation o f squa lane . Eluent, 4 '%: isopropan ol in II-hexa ne + 0.1 :~;> tr ieth ylamine; UV detect ion . Content

' of 1,4-P O deriva tivesrra) 5 , 10-" mol/l IPP O ; (b) 5 , 10- 3 rno l/l OPPO, Pea ks as in Fig , \. '

The investigation of changes in the der ivati ves of lA-PO during th e ph oto
'oxidation of vario us hyd rocarbon s revealed differences in th e ra te of formation ' of
BQDI arising in syste ms durin g the ind uct ion period . No ot her tran sform ation prod

. ucts of amines co uld be detected. Th e chroma tograms were more complicat ed, be
ca use the tr an sfo rm at ion products of the subst rate were present in mu ch higher

-numbers and amounts th an in th e thermal oxidation.
Th e results of ana lyses of the samples aft er ozoni zati on differed con siderably

from those obta ined in ea rlier invest igations, where oxygen or RO; radical s and
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hydropero xides deri ved from the hydrocarbon substra te were the ox id izing agent s.
Ozonation yielded a varied mixture of products both from the substrate and from the
additives. According to chro matograms and colour tests , the ori ginal arnines disap
peared and no corresponding BQDI derivatives were formed. The V" or RF valu es did
not correspond to any of the model products of the oxidation transformations of
derivatives of IA-PO prepared so far and having the structures of substituted amino
deri vati ves of lA-PO, BQDL benzoquinonemonoimine or phenazine' . The pre sence
of 8- 10 co mpounds was observed o n the chromatogram s of ozonized amines in an
inert so lvent. Ozonati on of mixtures of sq ualene with amines gave rise to even more
complicated mixtures. Thi s findin g of differences in th e reaction products bet ween
diamines and ozone or sq ualene ozonide ari sing in the ozonization of the mixture
indicates the com plicated char acter of the chemical tran sformation s that ought to be
considered in rubbers (squalene is a model of pol yisopren e). At the same time, it was
found th at chro matograms of freshl y ozonized samples and those of older samples
differ from each other, which causes difficulties in th e interpretati on of data.

Th e results obtained in this study demonstrate the character of primary tr an s
formations that an amine sta bilizer und ergoes under defined conditions of oxidation
ageing of hydrocarbon s. Deri vati ves o f BQDI , which are the cause of the ret arded
oxidation of hydrocarbon s, are formed in the thermal or photo-initiat ed oxidation:'.
The ab sence of BQDI from the mixture arising after the ozonolysis of hydrocarbon s
indicat es a completely different mech ani sm of the pr ocess. The meth od s used ha ve also
pro ved to be useful in extensive studies of the mechanism of the sta bilizing act ion of
diamines that are in progress and also involve syntheses and identifi cations of un
known tr an sformation pr od ucts.
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Detection of benzidines on thin-layer chromatograms with fluores
carnine
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1340. Pit tsburgh, I'A 1523IJ ( U.S. A.)

(Re ceived March 25th. I<J XI)

In ge nera l, th e qua lita tive a nd quantitati ve gas chroma togra p hic (GC) an al ysis
of a m incs as free bases at low co ncentrat io ns is lim ited by adso rp tio n and deco m po
siti o n in the colum n a nd tailed pea ks. In order to overcome t hese lim itat io ns, the
a m ino gro ups and o ther fu nctional groups if p resen t in th e m o lecu le ha ve been
masked by d ifferent types of deriva tive fo rmation react io ns prior to GC analysi s. The
deri vatives used includ e acety l! J. tr im et hylsilyl" , enum ines' :", t r imethylsi lyle n
umines'' . trimethylsilylheptafluorobutyryl 7, trifluoroacctyl". pentufluoropropi on yl",
hc ptafluorobut yry l!" , p -tosylamides! '. a nd iso t hiocyunatcs v' :":' . A mi no acid s ha ve
been determined by G C as alk yl chloroforrnatcs wit h deri vatizing agen t I 4

. " . Al kyl
ch loroforrna tc reacts read ily wit h a mi no. imi no. pheno lic, hyd ro xyl. sulp hydryl. a nd
imidazolic N H groups in aq ueous a lkaline media a t room temperature to pro vide
corresponding compound s with N-. 0 -. a nd S-subst it uted alk ylox yca rbonyl gr oups.
A recent report in thi s journal based upon this c hemistry for the determination o f
specific phenolic a rn incs has been reported I h.

Another a pproach to the meas ure ment of pri mary am ines is th e formation of a
fl uorescent deri vat ive . T he reac tion o f tluorescami nc wi th a pri mary am ine is sho wn
in Fig. I. Fluorcscurn inc (I ) reacts wit h prim a ry a m ines ( II) to form in te nse ly Iluo
rescen t su bsta nces (III ). provid ing th e basis fo r a ra p id a nd highly se ns itive assay for
com pounds contai ni ng a pr im a ry a m ine group. s uch as a mino acids. p rim a ry umi ncs,
pcpt ides, a nd prot eins !" Applica tio n of fluorcscarninc as a ra p id spot te st fo r so lid
dosage ex hi b its in fo re nsic to xicol ogical a na lysis has been re ported I H. T he (luo rcs
cami no test o nl y yie lds a bright aq uamar ine (b lue -g ree n) fluorescent pro d uc t wit h
primary a m incs : th us. th is test m a kes a dea r cu t d ist inct ion be twee n amphetamine

I Il 1Il

Fig, I. Th e react ion bet ween fluo rcscuminc (I) and a primar y amin e (I I) yielding a highly fl uorescent
de rivative (I II).
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and methamphetamine. Previous common spot tests yielded the same results with
these two amines. Fluorescarninc is 100 times more sensitive in detecting amphet
amine extracted from urine on thin-layer chromatograms than ninhydrin'v!".

Reported here is a sensitive thin-layer chromatographic (TLC) spray develop
ment based on fluorcscarninc for benzidine (4,4'-diaminobiphenyl) and 3,3'-dichlo
robenzidine. These compounds are members of the Environmental Protection
Agency (EPA) priority pollutant list. These compounds present variability and dif
ficulty in performing their measurement with direct analysis by GCc-mass spectrom
etry (MS).

EXPERIMENTAL

Reagents
Fluorcscaminc TLC spray. prepared commercially in 1,2-dichloroethylene.

was purchased from Whatman. Clifton. NJ. U.S.A .. Cat. No. 4911-109. Precoated
TLC plates (LKGF Lincar-K), 5 x 20 em glass plates coated with a 250-flm thickness
of silica gel. were also purchased from Whatman.

Known amounts of benzidine and 3,3'-dichlorobcnzidinc were spotted on TLC
chromatograms using a Drummond (Broomall. PA. U.S.A.) O~ lO-fll Microdispenscr,
Cat. No. 210.

Standard solutions were purchased from Supclco, Bellefonte, PA, U.S.A.,
"Standards for EPA Consent Decree Water Protocol", Cat. No. 4-8808.

All mobile phase solvents were purchased from Burdick & Jackson Labs.,
Muskegon, MI, U.S.A.

Fluorescence examinations were performed in a Chrornato-Vucw box (manu
factured by Ultra-Violet Products, San Gabriel, CA. U.S.A.) using the long wave
length (366 nm) for excitation.

Procedure
Appropriate amounts of authentic compounds were spotted on precoatcd

silica gel plates 2 em from the bottom of the plate and developed in hexane-methyl
tcn.-butyl ether (50:50) until the solvent front migrated 18-19 em up the plate. Chro
matogram development time was approximately 40 min. After being air dried, the
plate was placed in a fume hood and sprayed with the fluorcscamine solution (note
the recommended safety precautions of avoiding skin contact and breathing) and
viewed for fluorescence. The compounds appeared as yellowish spots within minutes
after spraying.

RESULTS AND DISCUSSION

The mobile phase hexane-methyl tC!"t.-butyl ether (50:50) resolved 3,3'-di
chlorobcnzidine from benzidine. RF values were 0.57 for 3,3'-dichlorobenzidine and
0.30 for the slower migrating benzidine. Recently, methyl tcn.-butyl ether has been
reported to provide more resolving power than diethyl ether in TLC and high-per
formance liquid chromatographic systems?". Also, this higher boiling ether (boiling
point 55-56C compared to 3435C for diethyl ether) has been reported to have a
relatively small tendency to form dangerous peroxides:".

By analyzing different amounts of benzidine and 3,3'-dichlorobenzidine, it was
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obser ved th at 50 ng ca n be ea sily det ected usin g thi s technique. The col ors of the
fluorescent product s wer e differen t fo r the two conde nsa tio n product s. 3,J '- D ich lo
robcn zid ine was the usu al aquamarine fluorescence, but ben zidine yielded a butter
yellow fluorescent pr oduct. Possibly, the reacti on product with benzid ine co ntai ns
two molecules of fluorescamine. Pre vious experi ence has shown that aquam arine
fluorescen t products were form ed with a wid e variety of low-m olecular-weight pri
ma ry ami nes!" .

Spi king 50 ng/ltl of eac h int o co m plex ind ust r ia l elllue nt ex trac ts revealed no
in terference in th eir de tection by T LC. Base-n eut ral me th ylene chloride ex tracts were
pr epa red acco rd ing to recommended EPA pr ot ocol ':' .

Applica t ion of thi s scree ning technique to ind us tr ia l effluen ts req uires Iluo
rcsccnt exa m ina t ions before spraying th e developed chro matogram with fluo res
cam ine to a vo id misi nterpre ting result s. Man y orga nic co m po unds co nt a in endoge
nou s fluo rescence. Accordi ngly. it is important to exa m ine the deve lo ped plat e for bo th
short-wa velength (254 nm) and lon g-wavelength (366 nm) spots in order to detect any
interfer enc es with th e Iluorescamine spray dev elopment for ben zidines. It is con
venie nt to circle th e sho r t-wave leng th spo ts a nd draw a da sh ed line aro und lon g
wave lengt h fluorescen t spo ts with a sharp penci l. When scree ning a n ind ustria l ef
fluent , it is importa nt to a na lyze a sta nda rd of th e benz idi ncs o n th e sa me T LC plat e
as a co ntro l. A lso. it is recommen ded th at th e indu st rial ext ract be a na lyzed in d u
plicat e. To o ne of th e d uplicate spo ts , a kn own amount ofbe nz id incs. sa me as co nt ro l,
sho uld be ove rlaye d as a sta nda rd ad di tion befo re developme nt to ai d th e an alyst in
th e interpreta tio n of res ults o bta ined . T he co ntro l func tio ns to document the per
fo rma nce of the overal l procedure. The sta ndard add itio n functions to dem on strat e
detecti on of the target co m pounds in a complex matrix and monitor any chrom ato
graphic development abnormalities due to the indu strial extract.

Recently, fluorcscarnine has been described as an aid to de tect primary po ly
cyclic aromatic amines (PPAAs) in synthet ic crudes such as sha le o il a nd coa l
liquids?" . The heal th a nd env iro nme nta l effects of these petro leum substi tutes arc
being extens ively inves tiga ted to de termi ne whet her the usc of these suppleme nta l
ener gy so urces pr esents sign ifica n t hazards. At least three classes of o rga nic co m
pounds have been isol at ed fr om synthe tic crude o ils which possess mu tagen ic ac tivity:
pol ycycl ic aroma tic hyd ro carbon s (PA Hs), aza-arenes. a nd PP A As. PP A As appear
to be presen t a t relat ively low con centrati ons, but th e potency o f this class of mu ta
gen ic co m po unds is mu ch greater th an that of PAH s. These au tho rs pointed o ut that
a successful analytical procedure mu st be capable of handling : (a) the trace co ncen
trati on s of PPAA; (b ) the complexity of the sample matrix; and (c) th e potenti ally high
mol ecular weights and po lar na tu re of th e ind ividu al co m po nents .

The proced ure described in this paper pro vides a sens it ive. q uick. and inex
pensive method to de tec t ben i id ine a nd 3.3 '-dichlorobenzid ine . Expe rience in o ur
lab orato ry ana lyzi ng sta ndard co mme rc ia l so lut ions of th ese two co m po unds by GC
MS. wit ho ut deri vatiza tion , as recomme nde d by th e EPA 2 J has dem on strat ed highly
variable det ection lim its for these two pr imary am ines . It is the opi nion of thi s au thor
tha t the o rganic environme nta l chem ist ha s not used T LC a nd spot tests as frequen tly
as other scientific a reas such as clinica l. to xicological. or forensic scie nce. Flu o res
camine is a reagent which sho uld be ut ilized for T LC and spot tes ts in environmental
measurem ents of pr imary arnines .
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In a prev io us pa per ! we showed that isoe lectric focusi ng of haemoglobin sub
fractions can be ac hieved in thin- layer ge ls of purified agurosc C (Pharrnacia. Upp
sula . Sweden); however. the reproducibi lity of the res ult s was no t as satisfactory as
with pol yacrylamide ge ls- because of electroendosmosis. Rosen et al.3 used gels of a
new varia nt of agarose EF (LKB. Bromma, Sweden)" with ex t remely lo w electroen
d osm osis for the reprod ucib le e lec tro focusing of variou s proteins in an Ampholine
(LK B) p H gradien t. Several ad va ntages of electrofocusing in agarosc EF gels were
pointed o ut.

In this pa per we describe the electrofoc us ing of haemoglobin and its derivatives
in agaro se IEF (Ph armacia r' gels and Ph arrn al ytc (Pharmuciu) p H gradient.

EXPE R IM ENT A L

Stroma-free haemoglobin (SF H) was a standard sam ple sto red a t -:WC for I
year. Crude haemo lysate of fresh human er ythrocytes (either trea ted or untreated
wit h carbon m onoxide) wa s prepared by the addition of 4 volumes of d istill ed water
to I vol ume of pack ed erythrocytes was hed five times with sodium ch lor ide so lution
(9 g/l)". The reactio n of oxyhaemoglo bin (50 gi l) with a so lution of pyrid o xa l-5
phospha te (Roche, Bask, Switzerland ) was pe rformed at IOC for 30 min at a mol ar
ratio o f I : I and pH 7.4. The reacti on of deoxyh acmoglo b in (50 gi l) with glutara l
de hyde was perform ed un der a llow of nitrogen at I O C fo r 60 mi n a t a mol ar ratio of
I :5 and pH 7.1.

Prior to clcctrofocusing a ll haemoglo bin sa mples wen; desalted on a 9 x 0.9
em co lumn of Sephadcx G -25 Superfine in distilled water.

lsoclectr ic foc using in agarosc-l El- was performed with a Phurrnacia FBE 3000
flat-bed apparat us and an ECPS 3000/150 co ns tant-power su pp ly fo llowing the pro
cedure recommended by the man ufac turers. Pha rm a lyte was used to form a gradient
o f pH 5-8.

Procedure"
To prepare agurosc gel. a m ixture 01'0 .3 g ofagaro se IEF, 3.6 g of sorbito l and

0021 -9673/81/0000-0000/502 .50 (" 19&1 Elsev ier Scientific Publish ing Compa ny
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2S ml of d istilled wat er was hea ted in a bo iling -wate r bath un til the aga rose wa s
disso lved (90°C) . Then 1.9 ml of Ph arma lyte (pH 5-8) were added and th e mi xture
poured o n a spec ia lly hydrophilized plasti c film (Cc lbo nd) pla ced o n a levelli ng table.
pre-heat ed to 60-70°C. T he gel was left to coo l for 15 min o n th e levelling ta ble a nd
then transferred to a clo sed plast ic box with moist pa per, where it was stored over
night at room tempera ture.

Porous electrode str ips were dipped in electrod e so lutio ns (anod e so lut io n. 0.0 5
M sulphur ic acid ; cathod e so lution. I M sod ium hydroxide so lution) and placed o n a
filter- pa per fo r 1 min to remo ve excess o f liqu id . Vo lumes of 20111 of desalt ed sam ples
(haemoglob in co nce ntra tio n in th e ra nge 10- 30 gi l) were applied o n sma ll pieces of
filter-paper a nd la id o n th e sur face of the gel. The co nsta nt-power supply wa s set to
de liver a maximum of 15 Wand 1500 V. The ex perime nt wa s run fo r 90 min; after 45
min the run wa s int errupted a nd th e sam ple applica to rs were rem o ved . After th e
separa tion was co m pleted th e gel was immedi at ely put into the fixin g so lutio n (5 %
sulphosa licylic acid + 10 % trichloroaceti c ac id in di st illed water ) and left there for 30
min . T hen the ge l wa s wa shed twice for 15 min with the dc stai nin g so lution (35 %
et han ol + 10 /.. acetic acid in di sti lled water) . dri ed usin g three pieces o f filter-paper
and a hair d ryer. stai ned 10 min in th e sta ining so lut io n (0.2 /.. Coomassie Blue G 
250). dcstu ined for about 5 m in a nd finall y dri ed with a ha ir dryer.

RES LTS A D D ISC SS IO

Fig. I sho ws tha t thin -layer clcctrofoc using in agarosc IEF gel ma kes it
possible to detect ea sily even slight d iffere nces bet ween the pa tt erns of vario usly
treat ed human haem oglobin sam ples . T he re is a gene ra l simila r ity bet ween th e results
and their reproducibility ac hieved in agarosc IEF ge l and in po lyacr ylam ide ge l";
ho wever . wo rk with ag arosc is easier and less hazard ou s' v':". Moreo ver. co ncentra ted

2 3 4

s 
A -

A,-

s -
+

Fig. I. Elcctrofocusing of na tive a nd modified huma n haem oglo bin in agarose IEF gel , I. Haemoglo bin
from fresh lysed ery throcy tes : 2. as I. treated with pyr idoxal- Svphosphatc: 3 = stro ma-free hae moglobin
(SF Hl sto red at - 20'C for I yea r; 4 = SFH treat ed with gluta ra lde hyde . Amp ho lyte : Pharmalyte (p H 5
Xl. s = Position of the sta rt. All sa mples were treat ed with ca rbo n monoxide before clect rofo cu sing:
stai ning with Co omas sie Blue G -250. Ca pital lette rs indi cat e the positions of ma in haemoglob in subfrac
tions ' :".
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" overloaded" protein zones (haemoglobin A) seem to be more stable in agarose gels
during fixation and staining than in polyacrylamide gels", The pattern of native fresh
haemoglobin consisted of 10-12 subtractions as usual 1,2 . After tre atment with
pyridoxal-5-phosphate a new di stinct zone appeared in a more acid ic region, due to
the reaction of free amino groups of ha emoglobin with the aldehydic group and to the
induction of the phosphate group. In contrast to sample 1, th e zones of the Al
haemoglobin subfractions became diffuse. Samples 1 and 2 also formed about ten
zones of non-haemoglobin proteins, mostly in the region of about pH 5-6.5. Stroma
free ha emoglobin (sample 3) stored for I year at - 20"C formed distinct zones of Az,
of methaemoglobin A and A z and of carbonanhydrase, and also some fa int unidenti
fied zones. Non-haemoglobin protein fractions in the pH region of about 5- 6 were
significa ntly less intense th an in samples I and 2 owing to the extensive purification of
SFH . Reaction of haemoglobin with glutaraldehyde caused a marked change in the
pattern characterized by the disappearance of all individual zones".
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Book Review

Ulluianns Encyklopiidie del' teclinischen Chemic, Band 5. Analysen- und M essverfahr en,
edited by H. Kelker, Verlag Chemic. Wcinheim, 1980. XVI + 1010 pp .. price
OM 670.00. ISBN 3-527-20005-3.

This volume contai ns 35 chapters on analytical techniques. including the chap
ters reviewed here . on "Basic concepts in chromatography" (26 pp.), "Gas chroma-

"tography" (32 pp .). " Liqu id chromatography" (34 pp .). "Thin-layer chromate
graphy" (34 pp.) and "Electrophoresis" (28 pp.). T hus there are 154 pages devot ed to
chromatography, as much as in ma ny short introductions to the subject. It would
have been a good opportunity to write concise texts summarizing in a clear for m the
work of the last 30 year s or so. Instead, the text is too often turgid and confusing, as if
the a uthors are trying to steamroller the reader with science : " this is too complicated
to understand" is the general trend of ma ny sections.

Under the heading " What is chromatography", the reader is offered 19 lines
instead of the very simp le definition given years ago by A. J. Po Martin. Th e para
gra ph "exp lain ing" isotachophoresis is written in such a way that a reader can not
possibly work out its rationale. T here is a section on continuous electrophoresis in
which something went wrong altogether. First the method is credited to Fawcett
(1973) and then previous work in 1949 is mentioned ? But why describe continuous
electrophoresis at all in such a short cha pter? It ha s never ga ined popularity and there
are various reasons for this (and they are not sta ted) ! On the same page there is a
schema tic drawing of a Tiselius appa ratus. which is fine if you know the technique but
unintelligible if you do no t.

The book is superbly produced and, except in the references, the re are hardly
any typographical errors.

Lausanne (S witzerland) M. 1ANOVSKY
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Book Review

Methods ofp lasma pr otein frac tionation, ed ited by J . M . C urling. Academ ic Press.
London. New York, Toronto, Sydney, San Francisco. 19HO, X IV + 326 pp..
pri ce £23.20 (Great Br ita in), US $ 53.50, ISB N 0-12-l99550-X.

A team of 35 outstanding specia lists ha s managed to compile and cla ssify in
326 pa ges a n enormo us bulk of informa tio n s um mariz ing th e pre sent kn owled ge of
the production of plasma protein fractio ns for therapy and prophylaxis. The thcmat
ica l conten t of the book is d ivid ed in to fi ve meth od ologi call y d iffere n t sec tions : ( I)

Fract iona tion by precipitation ; (2) Fractiona tio n by io n-excha nge chromatography;
(3) Fractionation by gel filtra tion and affinity chromatography; (4) Rem o val of so l
ven t and sa lts from plasma fractions; (5) In- process and product filtration.

The practical and methodological aspects of plasm a fracti on a tion are em pha 
size d throughout; however, sufficient space in each chapter is de voted to th eo ry. A
reader (wh ether a bioch em ist or tec hnologist) wi ll find detailed instruct ions and flow
shee ts on eac h indi vidual tec hnique of protein fractio nat io n and purificatio n. The
a uthors a lso de scribe a nd di scuss th e limitat ions a nd possible dra wb acks of a give n
technology and they indicate new possibi litie s and trends for fut ure deve lopment and
amelio ratio n of plasma fractionation . T here is a lot of ma ter ial and ideas in each
chapter to insp ire furt her research and inno vati on s in thi s field . The clear a nd co nc ise
sty le and the m any figures. tables, sche mes and ph oto gr a phs reflect the professio nal
experien ce of the a u tho rs and their a bility to formu late and present technological
problem s in an att ract ive m anner.

This excel lent book will be grea t ly apprec iat ed by plasma tr actionaiors and by
all ha vin g inte res t in thi s field. It will surely serve as a manual for techn ologist s and
resea rchers a like. For a chromatogr uphcr. th is publ ication o fIc rs fur the r pr oo f tha t
chro matogra phy co n tin ues to find new field s of appl icat ion.

Pragu e ( C:;CC/IOS/0 vak ill ) T . I. P[{ ISTOUPI L
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