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This review is divided into sections dealing with amines and other nitrosen 
bases. urea and cyanamide derivatives, amides of sulphonic acids and nitro com- 
pounds. The survey does not include nucleic acid constituents nor amino sugars. 
which are best dealt with froril a biochemical and not from an analytical viewpoint. 

This is the third review in a series devoted to the ion-eschanse chronmogaphy 
of organic compounds. Previous reviews dealt with carbosylic acids, and with sulphur 
compounds, phenols, phosphorus compounds and esters of carbosylic acids. 

Z AMINES, NITROGEN-CONTAINING BASES AND RELATED COMPOUNDS 

A _ Sor-prion hdmriorir on cution a-ch~~u-s 

The sorption of a-nines and other basic organic compounds on cation-eschange 



resins is related to the protonation of the base B. OnIy the protonnted bases, BH’ 
should be taken up by the resin if only electrostatic interactions account for the 
sorption- 

Considering such an idealized sorption model, an equation can be derived for 
the distribution coefiicients that characterize the sorption of trace amounts of the 
organic bases in a simitar manner to that for the anion-eschange sorption of 
earbo_syIic acids: 

D 
(BH’) (BH’) 1 0 

Ilfg = [B] + [BH+] = [BH’] - 1 ~ 
-_-: ,,:‘i - 1 -A 

A’ 
(I) 

%li~lt~ [C+ ] 

[Hi] 

xhere Dutr denotes the voIurne distribution coeflicient of the base (amine). K repre- 
sents the equilibrium constant for the dissociation of the conjugated monoprotic 
acid BH+: 

K_ WI W’l 
[BH’] 

(3 

(protonation with only ;L single proton is assumed in this simple model) and A$“is the 
selectivity constant describing the equilibrium for the ion eschange of the competing 
counter-ion C’ for the base BH+ I 

p:I’ __ (BH’)-[C+] 
[BH+]-(C’) 

(3) 

The terms in parentheses denote the concentrations of the cations in the resin: phase 

and those in square brackets denote concentrations in the outer solution: Q is the 
cation exchange capacity of the resin’_ 

If the hydrogen form of the cation-exchange resin is brought into contact with 
a solution containing an organic base_ acid-base interaction would be espectcd 
between the acidic cation exchanger and the base_ For :I strongly acidic sulphonated 
eation eschaner. the following equation applies: 

R-S&--H’ f Bs R-SO,--H+’ (4) 

In this case. the equation for the distribution coefficient of the base Dllll has ID br 

modified I 

&y = (BH+)-[Hi] 
[BH+]-(H’) 

and the tneanin_p of the other terms is the same as in eqn. 1. 

(5) 

(6) 



In practice, however, the sorption behaviour of- organic bases is complicated 
by other interactions of- ;t non-electrostatic nature, which influence the values of- the 
distribution coeflicients in an anaio~ous nxmner to other organic compounds_ 

A number of workers studied the selectivities of the sorption of aliphatic’-” 
and rtronxttic9-‘2-” amines, mnides’s-2’ and other. mainly phttrm~tceLltically~ siznifi- 
cant, nitrogen-containinS bases’“-‘a-‘7 on plxx~olic’-J mzd conventional polysty-ene- 

based sulphonated”-” and acrylic acid polymet--b;tsed”‘-“‘” cation-eschange resins 
and nxtcroreticulttr resins”-“-” in ;~qL!eol!s1-3-3-L)-‘L-1h-1y-21-‘~--1?_ mised aqueous-or- 

- h--Y-‘3-1’--z and anhydrous orgruxic”-“-13 media_ 
-, 

grmc 
Kresstnan and Kitchener’ pointed out the increase in the aflinity for 

sulphonated resins due to the alkyl groups in substituted amnonium ioils. The 
increase in selectivity with increasing ionic size in the aliphatic series. i_c., with the 
lengh and number of aliphatic chains. ~~1s attributed to Van der Waals‘ forces. This 
relationship applies to sulphonated cation eschttngers based on polystyrene-divinyl- 
benzene copolymers with it 101~ deg-l-ee of- cross-linking (2-6 ‘!,,)“. while the reverse 
order of selectivity has been found on the highly cross-linked resks’-“. 

Sch\~trz and Boyd’” studied the ion eschange of tetrr~meth~lammo~~oiL~m ions 
\\-ith sodium ions on Do\ves 5OW polystyrene sulphomted cation-exchange resin 
cross-linked with 0.5. 2, LE and S !,?;; of~divinylbenzene. At lox degrees of-cl-cuss-linl;in~. 
the larger tetrtt~llk~lammonill!~~ ion is taken up by the resin more readily than the 
small sodium ion. The pref-erence f-or the tetrrtmeth~lamImoniill!~~ ior?. \vhcn present 
in trace mnounts. decreased \vith the degree of- cross-linkins in the resin. 

An csplanation of this selectivit_v behaviottr of- ~tlI;~lammot~it~m ions \vas 
proposed in \vliicli it \vas su g_eested that so-called -‘contact ion pairs” due to the 
cfectrostatic interactions cm1 predominate in highly cross-linked resins \vith ~1 
comparatively lo\\- \\-ate!- content and considerably high nlohritv of the internal SOILI- 

tion, in conttxt to resins \\-irh ;I lo\\ degree of cross-linking. where the ‘Wttet- 5trtic- 
ture-enforced ion pairing” of :L hydrophobic nature sho~~ld be decisive’_ 

A constmlt increase in the distribution coellicients \vith increasing degree of 
cross-linking of Do1ve.s 5OW (S-16’!.,,) has been f~~ttnd. on the other hand. in the 
mononlk_vltiiiironii~iii ions series. The sorption increases with the lengh of the 
hydrocarbon chain (ion diameter) from the meth_vlammo!lil!l~~ to the mpropyl- 
anm~oniun~ ion_ Based on the correlation of the selectivity coefticients \vith the steric 
and polarity tktors of Tttf-t‘s equation, it \~;Is suggested that the eschnn~e of* the 
cations of organic bases on cation-exchange resins is controlled by steric eiIkcts9. 

The selectivity of louver alkyl:tmmonium ions (methyl- and eth~lammonitlm) 
for cstion-exchange resins in both the hydrogen md lithium form has been found to 
be greater in methmol than in water_ although the opposite ett‘ect \vas found \\-ith 
the higher members (butyl- and oct~lttmmonium)_ Selectivity nltlsitn:L have been 

observed f-or methyl- and ethylammot~i~!~~~ ions in binary alcohol-\vater solutions in 
contact with the hydrogen form of- the resin at about SO mole-“,; of methanol, \vhile 
EL steady increase or decrease in selectivity takes place with the lithium form and 

higher ~llkylttmmoniL!!n ione. The presence of alcohol pronlotcs the formation of 

water structure, decreasing the h_vdration of the ions present in solution_ This effect. 
together with the increased ion pair f’ormation between the alk~lammonium ions and 
the functional groups in the resin due to the lower dielectric constmt of the alcoholic 
media. is more distinct with the lo\vcr ~~lkylammoniL11II~i~!!~~ ions _ :tnd xcounts for the 
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increase in their sorption in alcohol over that in water. The dispersion forces between 
the hydrocarbon chains of alkylammonium ions and the resin network become pre- 
dominant with hisher :4kylammonium ions and are responsible for their higher 
selectivity in w:tter_ 

The occurrence of sorption maxima in binary rtlcobol-water solutions has 

been tentatively esplained by assutnin g a decrease in the rate of diffusion of hydrogen 
ions from the resin into the outer solution \vith an increase in the amount of alcohol 

which should oppose the effects of water structure and ion pair formation. 
The neutral amine molecules become protonated in the inner phase of the 

cation-eschange resin in the hydrogen form. where the concentration of hydrogen 
ions is considerable. This effect cannot take pIace \vith the metal ionic form of the 
cation-exchange resin and. consequently. the uptake of amines by the resin is 
decreased considerably in the latter case”_ 

The sorption of the non-protonated aromatic amines on sulphonated ctttion- 
eschanse resins esceeds the ion-exchange capacity of the resin in the hydrogen form_ 
The sorption increases with increttsing brtsicity of the aminez3 and with decreasing 
degree of cross-linking. Greater uptake ofamines has been found in aqueous solutions 
than in non-aqueous methanol, acetic acid or diostme. The larser the number and 
lengths of the aliphzttic side-chains in molecules of aromatic amines are. the greater 
is the selectivity for the resin that the amine shows in aqueous solutions as compared 

Gth organic solvents”. 
Sulphonated polystyrene-based wtion-eschange resins in diKerent metal ionic 

forms take up amines to a considerable extent_ while no sorption of aniline was 
ohsemed usins polyacrylic acid resin in the sodiutli form. and limited sorption took 
place with more basic amines”_ 

Selectivity minima have heen obscrved for various ;tromntic amines on the 

hydrogen form of cation-eschange resins in :t ntmlber of mised aqueous-organic 
solvents (including ._ ~~lcol~ols_ acetone, ttcetronitrile. diosttn and tetrahydrofuran) at 
an oyrrnic solvent concentration of about SO y,:;,“. The occurrence of selectivity minima 
has been explained by the simple concurrence of the t\vo opposite effects: the increase 
in dielectric constant of the solution brought about by the addition of water to the 

-orgxn~ic solvent xcounts for the decrease in the electrostatic forces between the 
functional groups of the resin and the protonated amine cations. This eKect results 

in a decrease in the distribution coefficients. A similar decrease in sorption will be 
caused, on the other hand, by better solvation and higher solubility of the organic 
base in the outer solution after the addition of an orsmic solvent to water. 

Several workers have studied the sorption of rtmines and other we& bases in 
completely non-aqueous orgmic solvents’J-z’-‘3_ Great cat-e should be taken to ensure 
perfectly anhydrous conditions in order to obtain reproducible results_ The resins 
used must be dried to :t constant weight under vacuumed at elevated temperature. com- 
pletely dry solvents and glasswxe have to he used and even brief exposure to the 
atmosphere in the esperimental steps is to be avoided. Otherwise, the resin will take 
up a certain amount of water and the swellina z and sorption properties will chttnse 
as the resinous phase would then contain 3 binary organic-aqueous solvent mixture. 

The swelling of conventional gel-type ion-eschange resins is seriously limited 
in organic solvents_ No swelling or sorption of ;t weak base (p-nitroaniline) on Dowes 

-5O-XS (Hi) wtls observed in a non-polar solvent (benzene)“. High II-nitroaniline 
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sorption was found, however. when using :t highly porous, rigid. macroreticillar 
sulphonated cation-eschange resin (Amberlyst 15) in benzene solutionslJ. 

Sorption in non-aqueous media is highly dependent O:I the type of solvent 
used and the porosity and particle size of the resin. The solvution of the sulphonic 
acid groups of the resin seems to be the most important partmeter in the sorption 
process_ Other factors_ such as hydrogen bonding, nmtris attractiorr and steric hin- 
drance. must also be considered”-‘3_ 

B. Ci~r-~,r?lul~~~~~~~~l~~. f,1~ftitru~~cvt-c’f~tttftitritt.. er hft.ws_ tlrf fgs, hffr-/Gttrf-cfti*s ad r-dfftctl cotit- 
pf fidv cm anion i~_wltatt_qv-s- 

Okviiig to non-ionic interactions \vitli the resin matrix. niin7erous organic 
bases are retained on anion-eschange resins to some extent. Katz and Burtis” studied 
the elution positions of a variety of basic and neutral nitrogen-containing or$;iiiic . 
compounds in :I lii~~i-resolutiori anion-eschange system win, u Do\ves I-XS resin \vith 
small particles of a arrow size distribution tend soditun acetate-acetic acid butt‘fr as 
the eluting nlediunP”-3’_ 

A survey of the elution data for some pyrimidine, imidazole_ purine. pyridinc 
mid indole derivatives. :ilktiloids and other nitrogen-containing compounds is given 

in Table l_ Many of the basic compounds are cluted with no retention at the colunm 
void volume_ Some functional goups, such as hydrosyl, c wnide. inside and methosy. 
apptlrently have no etkct on the retention of bases. Other functional groups, such as 
carbos~l and cttrbon~l. however, contribute to the retention of the solute on the resin. 

The imidz:zoie structure appears to have less effect on the retention than other 
ring st~mctures tested. and imidazole compounds are eluted much earlirr than conl- 
prtrablc benzene or other heterocyclic compounds. it also appears that the pyridine 
ring contributes less than the benzene ring to later elution. The elution volumes of 
the indoie derivatives rrre_ in most instaflces _ rtpprosiniateI_v the sanie iis those for 
analogous benzene derivatives. The members of the purine and pyrinlidine group m-e 
slitted ctwly, \\-ith the esception of those \\-hich contain cttrbosylic groups_ The 
presence of the cm-bony1 = l wwp stron4v favours later elution. The contribution to L_ 
the retention caused by an amino group in the 2- or &position is stronger thm that of the 
carbonyl group and the n~eth_vltunino ?rroup sppe:u-s to be even mot-e effective than 

the :unino group. The inclusion of u carbohydrate structural element may c:tuw shifts 
in the elution position in either direction and the nuclsosides are us~~dly sepx-atcd 
from their base compounds by a few millilitres_ The uns:ltur:ttion in the side-chain 
and other f%nctionrit groups (hvdrosyl. carbo.samide) nxl;tv incrertse the retention_ 
The introduction of a methyl group on the nitrogetl ;tto111 of the primary structure 
seems to account for earlier elution. 

Anion-rschange chronmtography in acetate media has been utilized for the 
autonmted high-resolution anal_\;ses of UV-absorbin g constituents in urine. blood 
serum and other physiological Huids. Nitrogen-containing bases, amphoteric com- 
pounds and related derivatives represent a larpe proportion of the compounds that 
have been separated_ 

The utility of such an automated, high-I-esolution awt!ytical system. \vhich 
enables Parse numbers of molecular constituents to be quantified in ;I single analysis. 
has been emphasized by recent medic:11 research_ which h;ts indicated that hundreds 

of the n~olecular constituents of hunm~ body fluids may be related to bodily functions 



6 P_ JANDERA. J_ CHURACEK 

TABLE I 

ELUTION VOLUMES OF SOME NITROGEN-COWI-AlKING BASES AND RELATED 
COMPOUNDS 

Ion-exchange r&n: Dowe.. I-XS. IO_mn_ Column: O-45 :-: 316 cm. Eluting agent: sodium acetxe- 
acetic acid buffer. pH 4_4_ concentration varying from 0.015 to 6 A!. Flow-rate: 25 ml/h. Temper- 
ature increased from 25 to 60’ after 15 h. Pressure: 1500-2300 ps.i_ 

Histidinc 
tXniino-iimidnzole- 

carbosamids 
Urocanic acid 

H 

TrigoneIlinr 
Pyidoxaminc 
PyridoxaI 
Pyidoxine 
Xicotinamide 
N-klrthyInicotinamide 
Kicotinuric acid 
Sicotinic acid 

Thiamine 

4 -CH2CH(NH2)C00H 14 

4 -NH2. 5 -CONHI 77 
-8 -CH== CHCOOH 3s t 

1 -CH,-, - 
2 -CH >. 3’-d%H \H . 2, ’ 2. S-CH OH 
2 -CH,. 3 -OH. 1 -CHO. 5 -CHIO: 

‘; ‘) 
25 

1 -CH,. 3 -OH_ 4 -CH20H_ 5 -CH20H 25 
3 -CONH2 4’ 
I -CH,. 3 -CONHI 49 
3 -CONHCH2COOH 569 

3 -COOH 5s1 

Z -CH,, 1 -SH:. 

I-l 

Cytosinr 
Cytidinc 
Drwxycytidinc 

Pseudouridine 

Uridinc 
Dcoxyuridine 

Uracil 
Thymidine 

z -0,-t -NH2 30 
I +-u-Ribofurmosyi. 2 :.: 0, 4 -NH2 2-l 
1 -tl-Deoxy-fl-o-ribofuranosyl), 1 =--0, 

4 -NH2 75 
I -H, Z =O, 3 -H, 4 ~0. 5 -i;-u-ribo- 

furanosyl 29 
I -&o-Ribofuranosyi. 2 :- 0, 3 -H. 4 =O 3S 
1 -(2-Deoxy-p-u-ribofutanosyl), Z ==O, 

3-H.4-0 39 
I-H.2=0,3-H-4=0 41 
1 -(2-Deoxy-I-o-ribofuranosyl). 2 =O_ 

3-H-4 =O, 5-CH, 45 
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Theobromine 
Caffeine 
Deosyinosinc 

inosine 
Hypoxmithine 
Deosyadcnosinc 
Adenosine 
I-Methylguttninr 
7-hlethylguaninc 
Theoph~llinc 
Adcnine 
Santhosinc 

S-anrhine 
Guanosine 

Deoxygrtnnosine 

Serotonin 
N-Xcet_vlt~ptophan 
Tr_vptaminr 
Tryptophml 
3-lndolexrtamidr 
34ndolexetic acid 
5-Hvdro?r~indol~~c~tic 

kid 
Xndoleacrylic acid 

Ohr c0mp111rrrtt.v 

Adrenaline 
C~anocobrilamin 
3,4-Dimethylphenyl- 

ethylamine 
Dopamine 
Insulin 
3-Methosytymmine 
Metanephrine 
Not-adrenaline 
Normetanephrine 
p-Tymmine 
Urea 

1 -H, 2 =O, 3 -CH,, 6 =O, 7 -CHJ 39 
1 -CHJ. Z-O,3 -CH,. 6 -0.7 -CHJ 50 
1 -H, 6 -0, 9 -(2-deoay-fi-o-ribofumno- 

SYl) 67 
6 -0, 9 +-u-ribofumnosy1 66 

j-H.6 =o 75 

6 -NH,_ 9 -(bdeos~-l;-D-ribofilrrtnos?:l) 94 
6 -NH,. 9 -ii-D-ribofkmosyl 101 
1 -CH,, 2 -NH2, 3 -H, 6 -0 11s 
1 -NHz, 3 -H. 6 ==O, 7 -CH, IX 
1 -CH,. 2 -0. 3 -CHJ. 6 ==c> 137 -I 

6 -NH, 157 
1 -H_ z-=0, 3 -H, 6 -0. 9 -jttw-ibo- 

tkmnosyl I63 
I-H_7=0.3-H.6~0 17’ 
1 -H, 2 -NH:, 6 -0. 9 -j;-o-ribofura- 214 

nosy1 
1 -H, 2 -YH2, 6 := 0, 9 -(l-dcosy+-D- 

ribofuranosyl) ‘17 

6 -NHCH, 24) 
2 -NH:, 3 -H, 6 -0 241 
1 -H. 7 -0. 3 -H. 6 --0, S ==O, 9-H 550 

3 -CH,CH2NHI_ 5 -OH 1-l 
3 -CHzCH(NHCOCH,)COOH 25 
3 -CH2CH2NH2 IS 
3 -CHzCH(NH2)COOH 110 
3 -CHCONHI 5% 
3 -CHICOOH 1106 

3 -CHICOOH, 5 -OH I 11-l 
3 -CH -=CHCOOH 14-m 

14 
1-l 
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and to various pzthoIogicaI states_ Drus and their nxtabolites can be axdyed in 
the same arty_ Dowes I-XS resin columns connected \vith an ultraviolet flow-pho- 
tonwter ;1s detector have been used. and over ICO peaks could be resolved in about 
45 h at 20004GOO p-s-i. A concentration gradient of sodiuni acetate or anunonium 
acetate-acetic xid bufk- (pH 4-4) has been used with a concentration increasing 
from O-015 to 6-O M during the course of the anaIysisJ”-3’_ 

Anion-exchange resins containinp S p,; of divinylbenzene. giving a final degree 

of cross-Iinking of IO?,; (due to methy bridging in the chloromethylation step), gave 
the best operation, while resins with a higher degree of cross-linking gave poorer 
separations. Resins with a final degree of cross-linking of only at?,; showed a poor 
mechanical stability of the resin bed_ SmalI particles of ion-exchange resin (w. lO.~m) 
were decisive in achieving ;L good separation with a column pressure drop of 3OCO- 
4CCO p_s_i_ Bio-Rtld Amines A-27 has been found to be satistkztory for use in coIumns 
150 cm Ions and O-61 cm i_D_32_ A hish-pressure sampling valve has been used for 

introducing samples 33y and this system was able to separate up to 150 chromatograph- 
ic peaks from urine in 40 h_ which represents a considerable improvement over the 
previous trchnique- The use of :L pH gradient and coupled ion-exchange coiur~ms 

with different properties shows promise for achieving a further increase in resolution 
and decrease in analysis time_ 

The identification of the constiruents separated from physioIogica1 liquids is a 

ditlicuft task owins to the small amounts of sample involved and their dilution by the 
etuting soIuent_ A certain success has been achieved. ho\\-ever. and several compo~~nds 

identified2“-‘2J5. As an esampie, t\vo metaboiites of phenacetin (J-h~dros_vacetanilide 

and 3-methosy-+hydrosyacetaniIide) Lvere isolated fmrom human urine and idcntificd 
by their infrared, mass and uitrrrviolet spectra”_ 

A diKerent_approach is that of usin g the chromato~rwn obtained as a profile or 
fingerprint in evaluating body functions_ Rcfcrmcc profiles of- “norni~il” subjects xc 
compared xirh profiles from patients \i-ith metabolic or pathological :tbnormalitics. 
When using rhis approach_ accurate and precise reference profiles must be empIoycd_ 

A saristkrory rcprodttcibiIity with ;t relative strtndmi deviation of I-4 I’,, nx observed 
between rhe elution times of sirniiar peaks from three chromttographic runs of XO-;tl 
urine samples on a O-24 . ICC-cm cotumn packed with IZ-IS-~~I Anlines BRS 
anion-eschanse resin using a linear acetate gradient at ;I pressure of IOUO- 1600 p.s.i._ 
the column temperature bein, u maintttined at 11 f-or the tirst 4 h and then increased 
to 60 for the final 16 h of theTrunJh_ 

The acquisition of chrokttographic informtition by digital conversion ad 

recording on paper tape tind subsequent evaluation b:y a digital computer is the best 

procedure for quantifving large nuntIxrs of chronlatographic peaks. Manual proce- 
dures are of little v:iiue for clinicians because of the inordinate amount of time 
required_ The deveIopment was reported of- a sn~tt11 on-line digital computer capable 
of serving several analytical systems of- the type described aboveJ7. 

The anion-eschanse separation of brominttted salicylanilides is of practical 

interest because of the germicidal activity of these compounds. When added to soaps. 
brominated salicylanilides reduce the growth and metabolism of skin flora and thus 
decrease body odour_ Chromatography on a Dowes 2 (200-40 mesh) anion- 

exchange column ( 12 .-: 150~400 mm) usin= = gradient clution \vith acetic acid in 
methanoI has been used to analyse brominated salicylanilides in commercial prepara- 
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tion?. The components arc elutcd in order of increasin, L c* widity, which depends on 

the number and position of the bromine atoms as substituents. Substitution on the 
salicylic ring contributes much mo‘;e to the ionization of the hydroogen atom of the 

hydrosyl group than does substitution on the anilide ring. For example, although 4’5 

dibron~osalicylanilide contains two bromine atoms. compared with one in 5bromo- 
salicyltlnilide, the dibrominatcd compound is only slightly more acidic than the 
monobrominated compound and shows only ;1 moderately increased atfnity for the 

anion-eschangc resin. Usin, z 0 wadient elution with O-Z:?:, methanolic acetic acid being 
continually introduced into ;I mising flask containing methanol. salicylanilide and 4’- 

bromosrilicylanilide are cluted as separated bands_ Gradient elution is then continued 
with 2‘J:, acetic acid instead of the 02 Y/i acid in order to separate 5-bromosalicyltmilide 
and 4’5dibromostdicylanilidc (Fig_ I )_ 3.5Dibromo- andjor j,~‘,5-tribromos3licvl- 
:milide remain sorbed on the resin. if present in the mixture. and glacial acetic acid 

is required in order to clute them. The compounds eluted are determined by ultraviolet 
spectrophotomrtr_v. 

3 

Mixtures that contain only sttlicylanilide. 5-bromostllic:ltlililide_ 3_Mibro- 
mos~ilic_vl~irrilide andjor 3,4’.5-tribe-omoc!licylaniiilide can be separated by stcp\vise 
elution with fised concentrations of acetic acid in methanol. Salicylanilide is elutrd 
with 3 s;, acetic acid, 5-bromost~licylax~ilicie \vith 10 5“; acetic acid and highly brominated 
salicylanilides with glacial acetic acid. 

Most compounds encountered in pharmaccutict~l anal+ are salts of nitro- 
genous bases and amphoteric compounds_ Ion-eschnnse chromatography surpasses 
other liquid chromatographic methods for the separation of individual components 

because of the greater advantage it can sain frolic the dift~rcnces betwen the xid- 
base properties of individual compounds_ Further. most pharmaceutical liquid 
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preparations are compatible with the aqueous mobile phase and therefore no conver- 
sion of salts into free bases is required and samples can be applied directly, in contmst 
to some liquid-liquid separations. In addition to cation-eschanse chromatography, 
work with anion eschangers is suitable for. the analysis of various drugs. 

A few practical estunples of anion-escharye separations of pharmaceuticais 
are as folloxvs. Morphine was separated from codeine on a column of a strongly basic, 
quaternary ammonium-type anion exchanger in the hydrosyl form. In aqueous solu- 
tions, codeine was washed through the column while morphine was sorbed because 
of its phenolic structure. and then recovered with :t dilute acid soIutiotY9. Tropane 
alkaloids I\-ere separated from morphine in an :maIoSous manner by applying a 
mcthanoiic solution of sample to a column of Dowes-I (OH-) resitP_ 

A mixture containing morphine and narceine LV:IS separated on ;I column 
containing Amber!ite IRA-W0 (OH-) anion-eschange resin by elution of the 
morphine with O_ 1 M acetic acid-ammonium acetate buffer at pH 4-6 with subsequent 
recovery of narceine usin g 0.1 dl acetic ~lcid-alllmoniurIIl :tcetate bult‘er at pH 4.0 
( ref 4 I )_ 

Strychnine could te separated from quinine on a column packed with an 
anion-eschanse resin ( Dowes I-X?, 100-200 mesh) in the osalnte form. Strychnine 
KSS eluted with I I’,, potassium osaktte solution- L -md quinine LV;K then eluted lvith I N 

alcoholic ammonia solution”_ 
Anion-exchange chromatoeraph_v \v;ts used to separate cIiphen_vIh;d~-tlimine 

hydrochloride_ dos_\-Iamine succinate, triplenamine Ii~dri~cIiIoridc. pIicnindamine 

20 40 t 

Fig_ 1_ Hi.g.hIy dficient, high-sprrd anion-exchange separation of :I phcnethylaniinr misrure. ( 1) 
Ephedrine: (1) dexedriner (3) MDA: (1) STP: (5) benzphr~aminer (6) tc-benz\:I-j,ldimeth\-lphrnr- 
thykuninr (Inis than 1 .~g oftxh component)_ Ion-exchange rain: Durrum DA-X$ spherical rtrong- 
Iy basic quaternary ammoniunl anion-exchange rain. _ 70 L& 5 ym. Column dimensions: 500 1-c 3 ninx 
Mobile phztsrr 0.1 dl sodium nittxte sohuion. pH 3.15. Flow-rate: 0.26 ml.knin. Input pressure: 
500 p_s_i_ Ternperaturer 55’_ Dewr-tar: UV, 154 nm. Instrument: Chronxttronis liquid chromato- 
graph. Setjes .500. Sample six: 3)~~1_ A 7: absorbrtncx: t == rlution rime (tnin). 
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tartrate, chloroprophenpyridamine maleate and pyrrobutamine diphosphate salts in 
tablets, elixirs and ointments, usin, n 60:!, ethanol as the eluent. The amount of the 
free base released from the column was determined by titration with 0.1 N hydro- 
chloric acid_ With preparations that contain ephedrine, this component is removed 
first by using :I cation-exchange column of Amberlite IRC-50 (ref. 43). 

The development of new, hi@~ly efficient chromatographic methods made 
possible the anion-exchange separations of much more complicated mixtures of drugs. 
Fig. 2 shows an example of a highly efficient, high-pressure separation of ;L mixture 
containins six different phenethyIamines on a 3 x 500 mm column packed with the 
strongly basic, spherictll, fine-mesh anion-escharge resin Durrum DA-X4, using O-2 
M sodium nitrate solution of pH 3-15 for elution in less than 60 minJ-‘. 

Interesting esamples of the practical use of specific interactions between 
nitrogen-containing bases and counter-ions in the resin are represented by separations 
of alkaloids on columns containing Dowes-1 anion-exchange resin in the chromate 
and hesrtcyanoferrate( I I) forms_ Quinine was separated from other alkaloids by 
chromatography on the chromate form of the anion-eschange resin_ A neutral alto- 
holic misture of alkttloids ~~1s introduced on to the column and all alkaloids escept 
quinine xl-ere efuted xi-ith water_ The latter \vas subsequently recovered with 1 X 
ammonitl or I :V formic acid in 96 y;,‘, ethanolas_ 

For the separation of brucine from strychnine, the anion eschnnger in the 
hesacyanol~rrtlte( Ii) form \~;ts used_ A mixture of alkaloids in hydrochloric acid 
solution \\‘;fs poured on to the column_ Brucine \vas eluted with I N hydrochloric 
acid and the elution of strychnine follo\ved \vith ammonia in 96 I!<, ethanol”. 

ammonium compounds. biogenic amines, nitrogen-containing drugs and other \veak 
bases \vere successfully sepnratcd on cation eschansers with solutions of acids, ‘buf- 
fers OI- bases as the eluting agents_ 

In strongly acidic solutions_ the etyects of ditkrences in the charges on ionic 
“roups are decreased considerably and. on the other hand. non-ionic sorption on the Z 
resin becomes a very important factor influencin, cr thedistribution ofprotonated organ- 
ic bases bet\veen the cation-eschange resin and the mobile phase. 

As early as 1947, Tsmia and Matsumoto J7 reported the partial separation oft1 
misture of methylamine, dimethylamine and trimethylamine. in their esperiments. 
they used a series of 10 colunu~s packed with a cation-exchange resin in the sodium 
form. The sample was applied as an aqueous solution and the separation was effected 
using 3-4 I of\vater as the mobile phase. The colu~~ms were subsequently disconnected 
and each was estracted with 1 N hydrochloric acid. The sorption was found to 
decrease in the order methylamine. trimethylamine and dimethylamine. The first to 
third colu~m~s contained methylamine, the fourth :I misture, the fifth and sisth tri- 
methylamine. the seventh a misture and the eighth dimethylamine. Similar results 
were achieved with ethylamine. diethylamine and triethylamine mistures”. 

This method was also applied to the separation of 2-picoline from pyridine. 
The first to fifth columns contained 2-picoline. the sisth ;l misture and the seventh to 
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tenth pfridine. Complete separation of 2- and 3-picoline and Z,G-lutidine in pyridine 
oil was impossible by this techniqueJY. 

A number of workers used hydrochloric acid solutions for the elution chro- 
matograph_y of amines on sulphonoted or carbosylic acid cation-exchange resins. 
Rosenthal and TtlborJY devised a method for the separation of putrescine, spermidine 
and spermine in bacterittl and animal tissue estrxts_ The sample was deproteinized 
with trichloroacetic acid, neutralized and separated on it 0.5 J-; 4.5 cm column packed 
with Dowes 50-X2 (H’ ), 100-100 mesh, sulphonated cation-exchange resin_ Putrescine 
was eluted wirh 0.5 N hydrochloric acid and spermidine \vith 2.5 N hydrochloric 

acid. For the separation ofall three c&pounds, elution with a concentration gradient 
of hydrochloric acid was used_ Using this method, the complete separation of 
putrescine from several contamintltin, ~1 amino acids and the separation of spermidine 
or spermine from S-adenos_vlmethionine could not be achieved. The successful 
separation of the latter compounds \K~S accomplished on a 0.5 -: 6 cm column 
packed with Amberlite XE-63 carbosylic cation-cschanse I-esin. Spermidine \xxs 
rluted first with O-13 N acetic acid and then the elution of tldenosylmethionine fol- 
lowed \vith 2-5 K IiydrochIoric acid as the eluent. An acetic acid gradient \\‘;ts used 
for the separation of more comples misturcs.‘y-5U. 

This method was later modified by Holder and Bremer”, using a 0.9 _.. 50 cm 
column of Do\\-es 50-XS (2004CO mesh). The elution \\‘;1s performed \vith :L conccn- 
tration gradient of hvdrochloric acid (the concentration WIS continuously changed 
from I to 1 IV). The successful separation of 1%diaminopropane_ putrescine and 
cadaverine was achieved- these substances being elutrci in the opposite order compared 
with el_ution from an Amberlite XE-64 column. 

-Ptirrish5’ attempted the separation of mixtures containing polyethylene poly- 
umine: using% 1.2 :-- 30 cm column packed with Bio-Rad AG 50-XS (Hi ) sulphonated 
cxtion-eschanse resin. With Z ~11 hydrochloric acid as the eluent_ only ethylene- 
diamine could be eiuted as ;L satisfactorily separated elution band_ Protontlted 
cations of polyamines containing n higher mmlber of amino groups \vere held so 
strongly on this resin that their elution with hydrochloric acid solutions \vas impos- 
sibfe. The use of- :L resin with ;L fo\ver degree of- cross-linking (and hence ;I lo\vcr 
atiinity of the cations for the resin) \vas also unsuccesst~ul. A combination of elution 
with 6C0 ml of Z d! hydrochloric acid, which removed eth~lenedi~~riline. and elution 
of the higher polyamines with 6jl.i. ammonia solution resulted in the partial separrttion 
of- diethyIenetriamine_ triethylenetetramine rind tetraethylenepentrtmine from each 
other. When elution \vith ammonia only was used_ ethylenediamine appeared first as 
a sharp peak f-ollowed by another band containing a mixture of higher polyamines5’. 

Hydrochloric xid solutions have been used successfully as eluents in chronxtto- 

I axraphic sepzu-atiocx of naturallv occurring quaternary nitrosen compounds on columns + 
of cation-eschange resins. The separation of carnitine. betaint, trimeth~l~~~~~ine oside 

_ and creatinine w;ls achieved by chromatography on a heated column (64.6-‘) packed 
\sith Dowes 50-Xl?. ZCC-ACO mesh. eluting with I N hydrochloric acid. The two last 
peaks_ however, overlapped seriously. Choline was completely sorbed on the resin 
under these conditions and could not be eluted as ;t defined peak even with 12 11’ 
hydrochloric acid_ Choline could be removed f_rom a mixture of- quaternary com- 
pounds prior to chromatography on a Dowes 50 column, by elution with a sodium 
acetate-acetic acid misture at pH 7.0 from a column of- Amberlite 1 RC-50 carbosylic 



ION-EXCHANGE CHROMATOGRAPHY OF NITROGEN COMPOUNI>S 13 

cation-eschan~e resin”_ A similar procedure has been ~lsed to resok choline_ serine 
and ethanolamine in phospholipid hydt-olyza&‘_ 

Christianson et alPi developed CL more senerttl method for the qwtntitative 
separation of comples mixtures of naturally occurring quaternary nitrogen com- 

pounds, including betaine. choline, stachydrine, trigonelline and thiamine. using 
elution with solutions of hydrochloric acid. The concentration was increased in steps 
during the elution (1.0, 254.0 and 6.0 N). Dowes SOW-XS, 2004GO mesh_ was used 
in :t column of32 cm I.D. and bed hei& 60 cm. The col~tmt~ etlluent fractions kvere 
mxtlyzed for quaternary nitrosen compounds by measuring the ultraviolet absorption 
of their pet-iodide derivatives_ Cxnitine, betttine, choline, y-butyrobetuine. tetra- 
methyla~iimoniumlii chloride, stachydrine, N-t~~etbyIt~icotit~at~~ide chloride, trigonel- 
line, ergothioneine, thiamine chloride and trit~~ethyltit~~it~e oside hydrochloride were 
tested and most \vere eluted as sharp, separated bands. Amino acids (serinc, ylycine, 
p-aminobutyric acid, histidine, prolinc, etc-) and certain other nitrogen-containing 
compounds (etlxtt~oltm~ine, methylat~~inc, ammonia, adenine, gu:tnine :md disulphides 
of et-sothioneine and thiohistidine) \vere :LISO separated in this system. A number of 
compounds that contain the same ionic groups but ditt‘er in their carbon skeletons 
could be separated on the basis of ditl-et-ewes in their non-ionic sorption to the 
resin. The introduction of a non-basic polar St-oup, such ;LS hydrosyl, into the 
molecule reduces the non-ionic sorption: thus carnitine is eluted ahead of its parent 
conlpound, y-butyrobetainc, Under the strongIy acidic conditions used. ionization of 
carbosyl groups is completely suppressed_ so that they are only slightly more etlkctive 
tli:tn hydrosyl groups in dect-easin, cx the bindins to the resin. This ettict is illusttxted 
by the prosimity of the elution positions of betaine and choline. Most of the 

quaternary nitrogen compounds \sere eluted after their related rtmino acids or 
amines, but in ;t similar sequence. This could be esplained by the contribution of 
additional methyl groups in the quaternary tiitrogxi compounds to non-ionic sorp- 
tion_ 

The resulting saGfactorv resolution of serine. _ _ c>lvcine, c~l~ttt~olttt~~it~r. betrtine 
atId ollolinc in close proximity in early fractions is advantageous for the :tn:tlyses of 

mixtures that contain these biolo$call>- r&ted substttnces_ The merhod has been 
applied successfull_v to the cht-~~rnato~rnphy of corn extracts. T\venty compounds 
\vere separated. identified and their amounts determined quantitativel$5_ 

Elution with 6 N hydrochloric acid has been used tbt- the separation 01 
histrtminc tiom contaminating substttnces in hun~tn urine. Sulphonated crttion- 
esclittnge resins (c-g:. Do\ves 5OW-S4, 100-200 mesh) are more suitable for this 
purpose than carbosylic cation eschttngers (c-g_, 2\mberlite . 1 RC-50) (ref. 56). 

Chronxttography on columns packed with cation-eschange resins 11;~s been ctscd 

for the separation and determination of thiamine, cocarbos$ase and other thiamine 
phosphate esters. as iveIl as pyridosinc and c~ttnocobalamin in phrtrmtLcetttica1 
prepartitions containin g the above three vitamins. Stepwise clution \\‘a~ carried out 
with a series of eluents (including distilled water, boric acid-acetic acid mistures and 
hydrochloric acid in aqueous and diosttn solutiotis)ji-‘u_ 

Mixed aqueous-organic solutions of hydrochloric rtcid have been \viJcl_v used 
to improve the elution of compotmds with greatet- allinitv to ion-e.schangr resins. 

mainly in the rtromatic series_ Jones”” sepatxted N-jr-at~~ylpiperidine from contami- 
nating bases on LL sulphonated polystyrene cation-eschsnpe resin. using 1 :V hydro- 
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chloric acid in 507,: ethanol to elute the bases_ N-wAmylpiperidine was the first 
compound eluted- This method has teen used in studies of the hydrogenation of coal 
t-w h-isesh”. ‘ ‘ 

Watkins and Walton” compared the separations of some aromatic amines on 
Dowes 5OW-X8 (50-100 mesh) and Dowes 5OW-X4 (ICO-ZCO mesh) sulphonated 
cation-exchange resins usin 2 hydrochloric acid as the eluent in both aqueous and 
mixed aqueous-orzttnic solutions_ It wtts possible to achieve a clear-cut separation of 
aniline from pyridine on Doives SOW-XY by elution with I_0 and 2.0 N hydrochloric 
acid in ethanol, while the elution curves in aqueous medium overlapped. The separa- 
tion of benzylnmine from the other xnines studied (aniline, pyridine and Iz-butyl- 
amine) in aqueous hydrochloric acid was incomplete even at ;I very sloxs flow-r-rite. 

Seki and Morimotohl separated N-?A-dinitrophenyl derivatives of various 
louver aliph;ltic amines (methyl to amyl) by chromatogrtlphy on the carbosylic cation- 
eschtlnge resin Amberlite 1 RC-50 or Duolite CS- IO I ( H + ). packed in S- 10 ‘-: 6CO mm 
columns, usins tetrtlhvdrofil~tn-methyl ethyl ketone-l I!,‘, aqueous hydrochloric acid 
(4:3ri3) or tetrahydrofumn-methyl ethyl ketone-\vater (4:3:13) as the eluting agent_ 

Churtieeek and Jande& used elution \vith mcthanolic or ethanolic hydra- _ 
chloric acid for the separation of c’erivatives of aliphatic mnines and alcohols i 
(coloured amides and esters of N-N-dimeth~l-/l-aminobenzenertzobenzoic acid. \vhich 
are more basic than dinitropl~enylan~ines). Cation-eschange resins with a IOLV degree 
of cross-linking (c*_g., Doives 5OW-X2) have been found to _ “ive better separations 
o\vins to the improved acccssibilit_v of the ion-eschange sites md accelcrtLted ditlirsion 

in contrast to resins \Vith hightxdegrccs of cross-linking (r*.g.. Do\Vcs 5OW-XS). An 
increased concentration of h_vdrochloric acid in the mobile phase decreases the sorp- 
tion and speeds up rhe clurian. The Jitkenccs in rhc distribution cocliicients of 

homologous derivatives rcitch it m;tGntnn in solutions that contain about SO-90”;. of 
alcohol_-lhe distribution ccwtlicicnts lwving minimum V:I~LICS_ \vhich otkrs optimwn 

sep3r:ktion conditions. 130th hom0l0gou~ ester3 :tnJ aniidrs are d~11cc.i in order of 
increasing polarity_ amides ha\ ing higher distribution coellicients than those of the 
corresponding c>tr‘rs. SewnJar\ amides arc wrhed ma-c stron$y than primary 

amides. Compounds \\ ith Ionpcr aliphatic ct!.iinh are clutcd bcfW2 the lowr 
hon~ologues_ The scp;w;1tion of four aliphatic cstc‘rs is shown in Fig. 3. 

The elution 01’ quaterrar~ salts of hJghcr molecular weight alkaloids from a 
~1 ong c;ltk;n cwhsngw is i$tcn incompktc \\ itI1 aqueous h~drocl~1oric acid. even if 
a resin Gth a \er> Ia\ ctcgrcw irf -r;+s-linking is uwJ_ The prewnce of alcohol \vill 
uwall~ imprcB\r the du!ion rate consicierahl~ and is cssentiai for sonw co~npo~~~~ds”-~. 

+hc *4uantitatixe c’ution of h>oscinc. ccdcitw. pnpvt‘rine. kcrhcrinc. strychnine and 
othcs- alLaloid?; 1mm ;I DO\\L’.\ 50-s 1 collm?rl k rasy I*> ac -hir\c \\-ith :dcoholic sol&ions 

. 
14 xil;w;t aw.3. . I \t hilt :hr reco\c~ with \\;;tt’r as elucnt is incomplete’“. 

_1\ rrumbcr of mi\;t:;:-E-s containing :tlLialoids. drugs and other pliar!iiaccuticLls 

wuld hr sepamtect hv cation-exchm~ge chromtlto!rripll~ in aqLIeoils-organic solutions 
of acids. Phcnvlephrinc could hr sep:lrittd from codeine or destromethorphan, itnd 
antihi?;tamincs on :I crttion-exchange column_ Phenylephrine 1~;~s eluted with S-0 LV 
phosphoric acid and codeine or drstr~~methorphnn \vith 1.0 K hydrochloric acid in - 

60 “,, mrthanol. Fini!lly_ the antihistamine (chlorophenirtunine. promethazine. 
pheniramine or methi1p~rilene hydrochloride) WIS elutrd with 3-5 N hydrochloric 
acid in -10 “,, or 50 ‘t,, me!hanoPh”_ 
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Ephedrine or an~phettuninc. barbiturates ad ~tntihistamines c;tn be scpttratcd 

and determined in phnnnaccutical preparations using 3 25 cm . . I2 1ii111 eation- 
eschange coiurnn of AG 3X\‘-X4 ( H + ). 1 W-200 mesh. The sample is passed through 

the column and the escipients and COIOLiriiig agents are eluted together \vith barbi- 
turates \\-ith aqueous isoproprtnol ( 1 I I ). Then 0.055 and 027 1V rilcoholic hydrochloric 
acid is used to rcniovc the reniainiz~, 17 escipients and coloursnts. Amphetamine or 
ephcdrinc is elutcd \\-ith 0.60 K alcoholic hydrochloric acid and elution of the anti- 
histamine follows with 2.50 3’ alcoholic hydrochloric acid_ Rm-bitumtes can lx 

sepamtcd from cscipicnts :tnd colottctnts on an anion-cschanse colunin of AG I-X? 
(cl- P7_ 

~klistures containing p-aminosaiic~lic acid and zzz-aminophenol have been 
scparrtted on ;t column of the stron, ‘v cation-eschange resin Do\ve.s SOW-XS (100400 
mesh). A solution of the misture in dimeth~lform31liide is passed through the colun~n 

and the column is \\ashed \vith the solvent I the elxite contains /,-aminosalic~lic acid. 
fzz-Rminophenol is then elutcd I-t-0m the column \vith rthanolic h_vdt-ochloric 
;tcidti_h’_ 

Some very weakly basic Ilitt-~~gen-containing compounds show the bchaviour of 
neutral conqm~nds in mised aqueous-organic or non-aqueous rolvcnts. It is possible 
to utilize the di0-txences in selcctivities betkveen individual components for the 
separation of niistures containing such compounds by chromatogrttphq on cation 

eschrttigers \vith non-ttqucotts or niiscd solvents as the elitting agents. 
Catt‘eine, ethosybenzmnide and propylphenttzone could be separated by elution 

\vith 96’>6 ethanol or isopropanol using ;I column of Dowes 50-X2 cation-eschange 
resin”. Mistttres containins bcnzoie acid and ttcetttnilide \vere separated on a Bio- 
Rad AG SOW-XS (H’) cation-eschange column by elution of the first compound 
with anhydrous acetonitrile and the other with a misture ofttcetonitrile and dimethxl- 
formamide (5:1)2’_ Step\visc elution with acetonitrile and mised acetonitrilc-din~cthyl- 
fornmmide ( 15:l) can be used for the sep:tration of 2.1-dinitroaniline and cmitro- 
aGline_ using the sanie cation-eschanpe colutnn”_ Other \vorkers. ho\vevrr. encoun- 
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rered serious ditliculties \vhen attemptin, ‘3 separations under similar conditions. The 
seprtrarion of acetaniIide and N-lr-propylrlceranilide deteriorated seriousty owing to 
the tailing of the first compound eluted (acetanilide) when the conventional resin with 
Y ‘:.;; cross-Iinkage-{ Dowes SOW-XS) WS. used with snhydrous methanol-acetonitrile 
mixtures as eluents. The separation was improved to a considerable extent by using 
macroreticular resins instead of the conventional resins, accelerating the diffusion rate 
in the resin”_ On the other hand, the differences in sorption on cation-eschanze resins 
when using anhydrous and aqueous-or@nic soIvenrs cm be used for separating even 
high-moiecular compounds_ A column packed with a low cross-linked cation 
exchange resin, Dowes 5OW-X4 (H + )_ was used for the conversion of chlorophylls CI 
and h into the correspondins pheophhtins and the subsequent rapid separation and 
determination of the pheophytins by elution with anhxdrous acetone (pheophytin cr) 
followed b_v elution with 85 “;; acetone (pheoph>rtin />)‘I_ 

The most etkient separations of amines and other nitrogen-containing coni- 
pounds have been achieved by elution \vith buffer solutions that offer the possibility 
of precise pH control- It was shown that an amine salt could be eluted from a cation 
eschrtnger by using a buffer solurion (0.05O-15 M) at :I pH approximately l-5 units 
above the pK va!ue of the amine. This pH corresponds 10 the value at \\-hich tlbout 
90:?; of the compound esists as the neutral molecule_ BY raising or Iolvering the pH 
of the buffer solution_ the retention volume can be decreased or increased. The reten- 
tion volume can be further adjusted by modifyin= 0 the column temperature or the ionic 
strength of the buff&-. 

Sulphonated polystyrene resins retain certain ttmines and bases too strongly for 
convenient separation when buK&- solutions are used for the elution and :1 number of 
workers preferred wenkl_v acidic carbos_vlic resins in order fo avoid the use of po\verfuI 
eIuents_ 

Ion-exchange chromatography on the carbosylic cation cschringer Atnberiite 
’ SE-64 was used for separations of various amines_ including spermine. spermidine_ 

cadaverine- putrescine, propanediamice_ qm:ltine_ p;rrolidine. choline. acetyl- 
spermine, thiometh_vlprop~I~~mine and amino acids_ Initially. the elution \v;ts per- 
formed with a concentrtttion gradient of sodium sulphate in :I solution bufked with 
sodium phosphate at pH 7.2 (ref. 50). Later. this method \vas modified and a potas- 
sium chloride concentration gradient in 0.1 M pofxssium phosphate buff& of pH 7.1 
was used for elutiorP_ An example of the separation of amines in a urine sample 
achieved under these conditions is shown in Fig. 4. The recoveries of the amines added 
to the sample were within the range S5-95~!::_ 

Elution with phosphate buffer concentration gradien; (from 0.001 to 0.005 AI_ 
pH 6-7) has been used successfully for the separation of the metabolites of I-methyl-?- 
aldosiminopyridinium iodide, which is one of the most effective osimes for antztgoniz- 
ing aIky1 phosphate intoxication. The carbosylic cation exchanger Amberrite CG-50. 
200-100 mesh, was packed in an 1 I cm ;-: 0.63 cm2 column and gradient elution 
yielded well-separated elution bands of I-rnethyi-2-aldosirninopyridinium, I-methyl- 
2-methosypyridiniurn and I-meth~+2-c_vtnop~ridinium ions”_ 

B1at1’~ used Mcllvaine buffer at pH 5.0 as the eluent for the chromatography 
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of primary and secondary amines in urine on colu~n~~s packed \vith the carbosylic 
catinn c.xchan~-cr Zeo-Kwb 126, w_ 100 mesh, bulk-red at pH 7.3 before use_ Amino 

acids_ urinxg pigments_ purines_ pyrimidintx proteins and all anions \vere removed 
in ;I preliminary step by sorption on ;t column containing ;t stronglv basic nnion- 
eschange resin_ The scparntion achieved \v;ts reasonably eiticient and ;t nttt~~ber of 

peaks could be resolved in satisfactory yield_ Elution volumes of some amines chro- 
matogrttphed under the conditions described are summarized in Table 7. 

Perry and Scht-oede? studied the chromato~raphic behrtviour of a number of 

aromtttic. heterocyclic and aliphatic amines on ;t 30 ‘-: I _O cm column packed ivith 
Amberlite C-G-50 (X0-400 mesh) cttrbosylic cation c_schrmger_ using 0.1 and O-2 A4 
pyridinium acetate bulks of pH 6.32 and 6-12, respectively, 3s the eluting tlgtnts_ 
Their results are summarized in Table 3. Some generttl trends can be deduced from 
this table about the influence of chemical structure on the elution volumes ofmnines. 

An increase in the number of amino groups in polyamines delays the elution. ttmi 

\vhen as many 3s four are present. as in sperminr- the elution camic t be etkted with 
the but&x- used. The longer is the carbon chain of :tliphatic amines or the side-chain 
of aromatic amines, the greater are the elution voiunws. On the other hand, methylu- 
tion or acet_vltttion of the amino group and hydrosylation of the r’;-carbon atom in the 
side-chain of phenylethvlamine derivatives or hydrosylation of the benzene ring of 
aromatic ttmines accelerates the elution from the resin. Cht-omttto~t-~tph~ in pyridinium 
acetate medium on Amberlite CG-50 has been used succrssfully for the anttlyticnl 
separation and determination of amines in human urine of normal and patholo$cal 
subjects_ When only a fraction of the number of amines listed in Table 3 is present, 
it is often possible to achieve the complete separation of most of the amines present”. 

Using more concentrated pyridinium acetate bu&ers (.O_%S M_ pH 5-71 O-5 111. 
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TABLE Z 

ELLJ-I-ION VOLUMES OF SOME AMINES IN CHROM_aTOGRXPHY ON A CARROXYLIC 

CATION-EXCHANGE RESIN 

The elution volume is the total volume eluted at the amine peak with_ in each instnnce. n 112.5 :- 
0.8 cm I.D. coIumn tikd with Zeo-Karb 226 buffered at pH 7.3. and eluted with klcll\-sine buffer 
at pH 5.0. Counting was started after rejection of the first 3 ml after appkzation of the sample. 

._..~_. _. ._._. _____- _ ~._. .~ -.-._ _ . 
Anxiur 

Trimethykunine N-oxide 
Creatinine 
Tetmmethvlammonium 
Diethylamke 
lr-Amylamine 
Isoarnylamine 
TrimethyInmine 
Pip&dine 
rr-Butylamine 
Pyrrolidine 
rr-Propylamine 
Dimethvlamine 
EthyIa~ine 
Tyramine 
Glucosamine 
Meth+mine 
Canavanine 
Ethanolamine 
XdrenaIine 
3-Hydroxytyramine 
Noradrenaline 
5-Hydroxytryptamin 
Ammonia 
pH 5.0 breakthrough 
_- _--._. - 

_-. - 
Yet-y sharp 
Very sharp 
Shrtrp 
Shnrp 

Sharp 
Sharp 
Sharp 
Sharp 
S1UI-p 
Shsrp 
Sharp 
Sharp 
Sharp 
Broad 
Broad 
Brortd 
Very brcyrtd 
Brozd 
Very broad 
Very broad 
Very bnxad 
Ver\- broad 
Broad 
- 

Rcco rrr_t 

Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
Quantitative 
S5”’ I 
&$zj 4: XT” 
Quantitative 
&yO”’ .” 
SOYi 
Not detcrmincd 
You;; 
70 “ ,. L, 
so y,;, 
Quantitative 
- 

pH 4-4) and a O-9 ;-_ 7 cm column packed \\-ith the smaller particle size carbosylic 
cation exchanger Bio-Rex 70 (-320 mesh). good seprt~tions uvre achieved of 
several polyamines which were not examined in the study of Perry and Schroeder_ 
These amines included all of the commonly occurrin, ” oligoamines and their acetyl 
derivatives. Table 4 gives the elution times under these esperimental conditions. The 
separations between l,$diaminopropane and putrescine, and cadaverine and acetyl- 
spermidine B, could be improved by slightly lowering the ionic strengh of the elution 
buffer, which resulted in an increase in the time of analysis_ Iminobispropyl:m~ine 
could not be separated from spermidine in this system”. 

Walli found excessive swelling of carbosylic cation exchangers (polymeth- 
acrylic acid exchanger Amberlite CG-50 and polyacrylic acid eschanger Zeo-Karb 
226) with low degrees of cross-linking in pvridinium acetate solutions. Consequently, 
the eschanpers were softened in such a way that the flow-rate wts unacceptably slow 
with resins of small particle size_ For this reason, he preferred to use potassium citrate 

buffer as the eluent. Amberlite 03-50 gave more efficient separation of the amines 
under study, but its Insufficient mechanical stability under the experimental conditions 
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TABLE 3 

ELUTION VOLUMES OF AMINES CHROMATOGRAPHED ON AMBERLITE CC-50 

Authentic compounds were chromatographed in mixtures on Amberlite CG-SG columns 45 cm in 
length and 0.9-1.0 cm I.D. at tx flow-me of 10 ml/h and 2 temperature of 40’. Chronxttogrzm~s \vcre 
developed with pH 6.52-0.1 A’ pyridinium ncetzte buffer for the first 250 ml. and thereafter with 
pH 6.12-0.2 N pyridinitun acetste b&k 

_ -. 

ClnlIplNlnll 

Ethonolnmine 
Ammonia 
Eth~lnmine 
Pyrrolidine 
N-Acetvlltist;tmine 
Pgidosamine 
N-hlcth~lmcmncpIirit~~ 
Xletanephrine 
Epincphrine 
Normetanephrinc 
I-hl~th~lhist3millc 
Norepinephrinc 
Synephrine 
Isoarnylnn~inc 
Llescaline 
3.~-I~in~etho.~~bcnz~lamin~ 
O~topru;wc 
~-5letlto~.~-l-l~~d~~~.~~be~~r~la~~~ine 
Epif.iilr\ 
3.2-U _~ii:~~~~pltcn~let~i~~~tiiine 
3-Merhosytymnine 
j-H~~lros~l-methos?rphe~~~Irth~Inmine 
Putrescinc 
P-H~dros?rbenz_\-lrtlllirle 
Cadrtvrrine 
Dopmtinc 
Benzylaniinc‘ 
p-Tyrmnine 
2-Ethos\--j-il~dr~~.~~bsnz~lamine 
m-Tyranine 
P-Xfsthos~benz_\-Ian~iItc 
Histtimine 
l3ufotenin 
Phen~leth~laminr 
o-Tymnine 
p-5lrtl~os~plie~i~l~tl~~l~~i~i~~~ 
Kynumniine 
1,2’-Dithiobk(cth~hmiuel 
Serotonin 
Xgmjttine 
N.~:_Dimeth~lt~pttlmiue 
S-~lcthos~t~pt;liilille 
Tryptamine 
Spermidinr 
S-klethyltryptamine 
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TABLE 3 

ELUTION TIMES OF POLYAMINES AND RELATED COMPOUNDS 

Column (09 :-I 7 cm) pa&cd with Ihe wertkly acidic carbosylic cation exchringc r&n Bio-Rex 70 
(- 300 mesh). Elution with OAX 32 p_vridinium xetafc. pH 5-7. After 100 ml of this bulk had 
passed through rhe column, rhe cIurin_s ngcm w-as changed to 05 dl pyridinium acetate, pH 4.4. 
Flow-rater 1 ml;min. Tcmpemturc: SO’_ 

-_ 
CUlIlplWt:l 7%~ (min? 

_4rginin~ 1 
Putrcxine 25 
1.3-Diaminopropane 77 
Cadavcrinc 2 
Acety(spermidinc B 3-x 
Xcct&wrmidinc X 31 
Agmatine SY 
SpermiJinr 6-l 
Iminobisprop\-hllinc 6-t 
Accryispcrmine 6s 
Sperminc 7s 

226-X4.5 resin with ;L head di&eter of20 -k- S +i_ packed in a 21 :_ 0.5 cm colu~nn_ __. 

Ehttion Gth 1-I 31 potassium citrate bufli-r of pH h-15 was performed at 51 and 
about SO p-s-i_ With the fto\\--rate maintained at X.5 ~nl~h. the elution times were 
ammonia 3 I _ p-ty-amine S I_ cadrtverinc 95, putrcsciGe 10% histamine ILtO and 

tryptsmine 165 min’h. 
Ion-exchange chromtito_graph\ on kmberlite I RC-50 carbosylic carion- 

eschange resin has been used for the separation and detrrmination of rwn-votarilc 

amincs (choline, tyramine. histamine and agmatine) in various kinds of sakk”. 
Amherlite IRC-50. X0-400 mesh. in :t 50 :-: 0.9 em column LV:K also used for 

the chromatographic separzttion of phenolic amines (DOPA_ adrenAine_ noradrenalinc 
and dopamine) in biological e.xtrxts, \vith recoveries of S3-97 :.‘,;_ Catecholamines 
were eluted in the above order \vith 0-4 AI ammonitnn acetate buffer at pH 5.0 and 
determined in frxtions by absorption at 379 III~. The quality of the separation is 
strongly dependent on the pH and ionic strengh of the eluting bulk used’s. 

‘4 carbosyIic cation exchanger (Duolite CS-IO1 (NHJ’). ICC-30 me+) could 

he used for the separation and determination of various t&aloids_ klistures of 
strychnine or brucine with berberine \vere sorbed on a Duolite colu~m~; strychnine or 
brucinc was eluted with 1 :y ttmmonium chloride solution and terkrinc XV;IS subse- 

quently eluted with 1 Xsodium carbonrtte solution”. Hyoscirx- atropine and berherine 
could be separated from exh other on a column of the same resin by stepwise elution 
with \\-ater (hvoscine), 02 X ammonium chloride soiution (atropine) and 1 X sodium 
carbonate solution (herherine)““_ Similxly, herberine is separated from other 
P/z~,~~~~~k~,iz~/rti~r tt!kaloids on a Duolite CS-101 column by passing 1 N ammonia. 1 K 
ammonium chloride and I X sodium carbonate solutions consecutively through the 
resin. Berberine is again contained in the carbonrrte fractions’_ 

The separation of several other pharmaceutically important mixtures can he 
also effected by chromatography on cttrbosylic cation exchangers. Saiicylic acid. 
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chinophen and aminopyrine have been separated from each other on a 9 :-’ 170-250 

mm column packed with Amberlite CG-50, 200-400 mesh. Using a buffer solution of 
pH 4-6 containing 10 vol -72 of ethanol, salicyiic acid and, successively. chinophen were 
eluted and then 0.1-0.2 M hydrochloric acid was used for the elution of aminopyrir@_ 
Similarly, the separation of sulpyrine, antipyrine and aminopyrine by the use of an 
Amberlite 02-50 column (9 x 300 mm) was reported_ Water or buffer solution of 
pH 5.5 w;ts used for eluting sulpyrine followed by antipyrine. and 1 N hydrochloric 

acid was then used to elute ttminopyrines3. 

As has been mentioned already, both polymethticrylic acid and pol_vacrylic acid 
carbosylic cation exchangers, namely !5ose \vith Iolver dcg-ees of cross-linking or 
irregular particle shapes, sutt‘er from mechanical instability. Very fine particles arc 

often formed during the chromato~raphic ru11. \vhich leads to a decrease in the 

permeability of the CO~UI~II. so that adequate flow-rates cannot be used. Unacceptably 
Lang analysis times must be avoided and the use of more mechanically stable sulpho- 
nated polystyrene-based cation exchangers is to be preferred in many instances_ On 
the other hand. strongly acidic polystyrene cation eschangers have the disadvantage 
that many amines are sorbed too strongly, especially those \vith :1 Ia-2s nuillber of 
amino groups and some aromatic amines. thus making their elution fi-om the column 
dit~icult. In order to effect the elutio::. huKers \vith high pH values are often required_ 
The elution can sometimes be facilir;ticd by th e addition of an tllcohol to the eluting 
ag-ent. 

Perry and SchroederYa compared the chromato~r3phic behaviour of various 
:tliphatic, aromatic and heterocyclic amines on a curbosylic cation eschanger 
(Amberlite CC;-50) and a strongly acidic polystyrene-based sulphonatcd cation 
esch:mger (Amberlite 03-120) in pyridinium acetate buff&-s. Their results \vith 
Ambcrlite CC-50 are summarized in Tttble 3 and Table 5 gives elution volumes 
obtained with the Amberlite 03-120 column_ The eIution behaviour of the amines 
on this resin was similar to that on Amberlite CCL50 columns in that the increase in 
the number of carbon atoms in the aliphatic chain delayed the emergence from the 
resin. while hydros~lation of the aliphatic chain or substitution of :L methyl or xetyl 
“roup on the amino Sroup accelerated the elution- An increase in the number of I 
amino groups increased the uptake of the amine on the resin to such an estent th:tt 
dittmines failed completely to be eluted from Amberlite CG-120 wder theesperimental 
conditions used. in contrast to the behaviour on Amberlite CG-50 (ref. 74). 

Chromatography of many aromatic amines on strongly xidic sulphonated 
cation exchangers has been considered to be impractical owing to the strong bonds 
formed between most aromatic amines and the resinsa. The elution of these com- 
pounds. however. can be improved by an appropriate choice of elutinp agents_ 

The sulphonated polystyrene cation-eschange resin Zeo-Karb 215 \\-ith S I?;‘, 
cross-linking. under 200 mesh. in a 162 cm IX OS25 cm2 column ~1s used for the 
separation of 2-hvdrosymethyl-3-hydrosypyridine and 2.6-di(hvdros?rlliethy1)-3-11~- 
drosypyridine. The compounds were Juted in this order with 0.6 AI pyridinium acetate 
buffer at pH 5-O and ZI good separation was achieved. in contrast to the elution \vith 
sodium acetate-acetic acid buKers, when skewed shapes of the petlks and scvcrc 
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T-ABLE 5 

ELUTIOS VOLUMES OF XMINES CHROMATOGRAPHED ON AMBERLITE CG-120 

-Authentic compounds were chromatographed in mistures on Amberlite CG-120 columns 30 an in 
lengh and 0.9-1.0 cm .1-D.. at n llow-rate of 30 ml!h and a temperature of 50”_ Chromatogmms 
xi-et developed with 0.2 ;X’ pyidinium acefate buffer of pH 3.50 for the first 600 ml. and thereafter 
with OS N pyridinium acefate buffer of pH 5.50. The brcxkrhrough of the second developer occurred 
at 636 ml_ 

_.._ ._ 
Gluc~samine 
Galnctosamine 
N-Xcetylethylenediamine 
~-~Ierhos_veth~Iaminc 
N-~IetIl~teth~noIamine 
3-Amino-I-propanol 
Serinol 
Dimerhylamine 
[;-Hydrosypropylamine 
X-%lrth_vlerh~hmine 
Diethykunine 
Erhanokmine 
I-Aminobutanol 
Py-rolidine 
Piperidinc 
bleihykunine 
Ethylamine 
;-~~IetIi~lmer~p~oprop~l~~~~ine sulphosidc 
Ammonia 
n-Propylamine 
lsobut_vlamins 
Hydrosylaminc 
Cycloprop~lamine 
lr-Burylnmine 
lsoamylamine 
-~leth_vlme~ptoprop~~lamine 
n-Amy Irtmine 

Rrctc;-r of Ehciorr 

cftrtion pcuk 
I CClI) InIl) 

I IS-132 1’1 
115-132 121 
11% I 60 157 
150-165 157 
156-171 163 
175-1Yl IS3 
175-101 I s3 
1S7-MO lY3 
195209 20 I 
195-215 206 
2 11-724 IIS 
ZiO-Zi[) ?I:, 
220-236 7% 
7-o 370 ‘60 
‘50-177 76 I 
161,X0 273 
771--94 --- ‘S1 
‘YO-300 1Y5 
TY( ‘a> 30s 
3 11-331 311 
3 16-315 31s 
331-37 I 317 
3511-381 36-l 
300420 105 
430465 -?-I5 
-?17-490 467 
50*-a17 54) 

tailing \verc observed_ This behaviour has been attributed to the improved competition 
for cschange sites with molecules of solutes cfkctcd by pyridinium ions compared \vith 
that of the sodium ions”‘. 

Successful separations of a variety of amines have been achieved on sulpho- 
nated cation-eschnnge resins by clution \vith bufliers of higher pH_ In strong-ly basic 

media_ however_ tlmines are present as non-electrolytes and ion-exchange equilibria 
cannot account for the chromatographic separation, which is to be attributed to the 
non-ionicinteractions with the resin and, in most instances, to the effects of salting- 
out due to the presence of the stron= 0 clectrolge in the eIuent_ 

By using 0.05 AZ boras solution at pH 9.2 as the eluent, monoethttnolrunine. 
dicthanolamine and tricthanolaminc were completely separated on a 13.4 :-:. OS cm 
column packed with the sulphonated strong& acidic cation-exchange resin Dowes 
5OW-XS (Na’), 100-200 mesh_ The compounds were eiuted in order of decreasing 
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molecular weights_ This tnethodLhas been applied to the analytical separation and’ 
determination of diethanoiamine and tnonoethanolttmine in commercial triethanol- 
amine satnplessb’. 

Stepwise elution with citrate, borate and salicylarc b&et-s in combination with 
very fine cation-es&me resins with a narrow particle size range gives an elticient 
separation of multicomponent mixtures that contain various amines and otkrs an 

attractive method for the analysis of misturcs that contain biogenic ttmines of 
physiolo$al importance. The weakly acidic cation-exchange resin Amberlitc CG-50, 
which wouId not retain amines as stroqly as strongly acidic sulphonated resins, suf- 
fers, however, from mechanical instability, Lvhich causes clogging of the column by 
fine particles. This etkct may seriously disturb the chromtttogrttphic elution because 

of the intolerably hi& pressure which mlty result_ Therefore, tnore stablt sulphonated 
cation-eschangc resins are to be preferred. The rtnttiysis of amities was reported using 
:t 15 :: O-9 cm column of the sulphonated cation exchange resin Amberlite CG-I20 
and the accelerated cht-omatogrrtphy of ttmincs was carried out using a 10 :-: 0.9 cm 
columnYi. More etticient, accurate and reproducible results have been achieved with 
Amines resins desiged for high-resolution operations. Amines A-5, I 1.5-I 5.5 {cm, 
1~~s used in 0.6 I-: 10 cm columns for the chromntography of primary monottmincs 
and di;tminesss_ C hromttrography \v;ts pet-formed using a commet-cittl amino acid 
amtlyzer (Hitachi KLA-2) and the colout- produced by the reaction of amines with 
ninhydrin \~ts continuttlly recorded ;tt 440. 570 and 640 nm. The temperature was 
maintained at 50’ during the run. Three buffers \vtxe used for the elution: 0.100 AI 
sodium citrate butfir at pH 5.X (toral sodium concentration 0.30 M);O.O25 Al sodium 
borate bufkt- at pH S-01 (total sodium concentrarion 0.60 M) and 0.320 1181 sodium 
salicyktte at pH I l-OS (rota1 sodium concenttaion 0.23 M). III the analysis of primary 
monoamines. methylttmine. ethylamine, allylomine, wpropylttmine and isobutylamine 
\vcre separated by clution with the citrate butt-et-, then elution with the borate buffer 

sep:tratcd n-butykmiinc_ dopamine. isoatnylaminc. histamine and n-amylamine, and 
finally t~rttmine. ii-phenethylttmine, serotonin and n-hesylamine \vet-e separated by 
elution with the salicyktte buKer_ The complete unalysis of this 14component mixture 
took shout 7 Ii- A tive-component misture of primary diamines was anttlyzed in 
about S h under the same conditions :ts those used for the mononmine tnisture and a 
c&r-cut separation was also achieved_ Ethylenedinmine was rluted with borate butk 
and rhe separation of higher diamines was etfected by elution \vith the borate and 
salicylttte butTers in the follo\~inp order: I J-propttncdittmine. putrescine, cadaverine 
and hesameth;lenediaiiit~es~_ The tailing of some compounds during the elution \vith 
the salicylttte butt‘er can be suppressed by the addition of benzyl alcohol. 

The use of ;1 concentration gradient of the borate and salicylttte butks with 
the pH chanting from lO.GO to 12.50 in the third step instead ofelurion with :I constant 

concentration of the sulkylate buffer bt-ought about ;t considerable improvement in 
the separation etticiency, in spire of usin E :t coarser particle resin. Amines A-4 (17 -2 2 
,~m in diameter) in LL O-6 IX 12 cm columtP9_ The gradient \v;ts formed by continuous 
mixing in a three-chamber system with individual chambers containing 120 ml of: 
( 1) 0.05 M sodium borate butt‘et- at pH 10-O (total sodium concentration O-60 M: O.Cry.;;, 
of benzyl alcohol added): (2) 0.20 M sodium salicyhtte at pH Il.50 (total sodium 

concentration 0.65 M); and (3) 020 M sodium salicylate at pH 12.50 (total sodium 
concentration O-70 M)_ This system permitted the separation of most of the primary 
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amines and diamines from the above experiments in a single run. The separation of an 
authentic misture of I6 amines is shown in Fig. 5_ The total analysis time was S h 
under ;i 1 kgjcm2 back-pressure- The accuracy of this analysis was found to be within 
_+ 356 ;?,; and the method has been applied successfully to the analysis of amines 
produced by putrefktion of marine animnW_ 

*BUFFER I +#$ BUFFER Ii % BUFFER iu - 

Fig. 5_ Separation of :I mixture of 16 amines using a combined stepwise-gradient system. I I ) hlerhvl- 
amine: (2) eth~lamine: (3) ali\;hniiner ‘3) n-propylamine: (5) isobutvlaminc: (6) rr-burylaminc: ii) 
I,?-propanediamine: (S) histamine: (9) isorimyhmine: ( 10) rr-an~ylan&c: ( 11) rymmine; (.I?) putrcs- 
tine: (13) phenyIeth+nine: i 14) cadaverine: (15) serotonin: (16) he.uzlmeth~lenedizlllllner w. OA 
,rrmolc of each except for srrotonin ( 1 ~miole). Ion eschrtnger: Amincs A-4 (Na+ ), 17 It 2 jrm. Coi- 
umn dimensions: I2 -: 0.6cm. Mobile phase: buffer 1. 0.116 :\I sodium citrztc_ pH 52’s; butfer II. 
0.025 Alsodium borate_ pH S.01 tO_5yt of benzyl alcohol addrd): buffer 111. gradient system -chum- 
ber I, c-05 JZ sodium borate. pH 10.00 (0.39; of tenzyl alcohol added). chamber 2,. 0.20 Al sodium 
srtliqlarc, pH 11.50 and chamber 3, 0.70 Al sodium stilicylare. pH lL50. Flow rate: 30 m1.h. Inlet 
prwiurc: ca I arm. Tempcmture: 50 _ .-I = absorbance: 1’ =- VoIume of eIu:tte (ml): I = ionic 
strength of sodium ion_ 

IIT spite of the good results achieved. the use of this method is limited to somt 
estent- Agmatine and higher aliphatic amines (having more than seven carbon atoms) 
we held so stron$y on the resin that no elution is possible usins either a constant 
salicylate bufler concentration or yadient elution. Furthermore_ as secondary and 

tertiary amines do not react with ninhydrin. these compounds cannot be analyzed by 
this method. Isopropylamine and aromatic amines also give a nestive ninhydrin 
reaction_ 

In the aromatic series, the ditrerence in protonrttion constants of pyridine and 

benzyltlmine also makes possible the separation of these two compounds. Using a 
70 :C 6.5 mm column of the strongly acidic cation exchanger Lewatite SP-100 (ML-). 

02-O-4 mm, pyridine w;1s completely eluted with 2- lo-’ M sodium acetate (pH 6) 

in SO’:;; ethanol and: subsequently_ sodium borate (pH 10.5) in 50>:, ethanol was used 
for the efution of benzylamine’“_ 

Pyridine could be separated from 4-methylpy-idine on u 34 cm x 0.07Y cm’ 

column packed with the strongly acidic cation exchanger KU 2-XS (NH,+) by elution 
\vith 3 N ammonium chloride solution”. 
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Wheaton and Ste\vsrt9’ separated and determined a number ofphenolic amincs 
on a 135 x O.G4cm column of the strongly acidic sulphonated polysryrene cation- 
exchange resin Technicon Chromobeads A, by elution with an ammonia concentra- 
tion gradient (0.1%3-7 M)_ The column was operated at GO’ and a 1.5 mljmin Row-rate 
with ;t column back-pressure of 100-400 p.s.i. The concentration of phenolic amines 
in the eluttte was monitored by continually measuring the absorbance in the UV 
region_ It was possible to separate completely a mixture containin? octopamine, syn- 
ephrine, hordenine, tyramineand N-methyltyramine in about 2 h_ In general, the mono- 
phenolic ttmincs and 3-merhosy-Chydrosyphcnethylaminescould be chromtttogrttphed 
satisfactorily_ The catechol compounds are unstable under alkaline conditions and 
ttrtemprs to chromatogt-aph them failed_ Phrnethylamines with no hydrosy1 group and 
fully methosylttted compounds such as 4-metl~osyphenethyl~t~~~it~e or mescaline \vet-e 
apparently not eluted \vith ammonia solution_ 

The separation of phenolic amines was achieved Lvith several dilkent grttdients 

using borate? carbonate or phosphate buffet-s in the pH rttn~e IO-l?_ The use of the 
resin in the sodium form instead ofrhe ammonium f%t-m otks a more precise control 
of pH and ionic strength so as to allow separations of very closely t-elated compounds_ 
No intcrfercnce occurs ifan automatic calorimetric procedure is used for monitoring 
column effuents that contain substances that do not have suitable absorption maxima 
in thr UV region- 

Work at 60’ is recommended because lolvet- temperarures resulted in poorct- 
resolution and temperaturcs above 60’ did not yield fkurthet- improvement. The method 
has been used for analyses ofcitrus juices with recoveries in the range 9S-lC4’,!-;,. Olhct- 
biolopicrtl tluids, pharmaceuticals and food products are likely to give satisfactory 
results \vhen ttnrtlyzed by this procedure with slight modifications”‘. 

Sargent and Rieman”’ studied the saltins-out chromatography of various 
amities. As anion-cschrtii~c resins decompose sloa-ly in the :tIkaline solutions that are 
used to suppress the ionization ofamines, cation cschatgers wet-e preferred. The best 
results wet-e achieved with a strongly acidic sulphonated cation-eschttnge resin cross- 
linked \vith 4::;‘; of divinylbertzenc_ Do~ves 50-X4 (KG). 200420 mesh. Solutions of 
potassium phosphate used as the eluent were much more riticient salting-out agents 
than were solurions conrainine sodium chloride and sodium h_vdt-aside. The capttciry 
ratios of 22 -.lmines in solutions with various concentrations of potassium phosphrtte 
as the eluent xe given in Table 6_ 

B~XXIW 01~ Ihe similarity of their capacity ratios over the ~vhole I-:tngc of elucnt 
concentrations_ n-propylttmine. rL~l-r_-but~lttminf and terramcrh_vlenediamine cannot 
be separated from each other by srtlrinpout chromato_9rttph_v_ A similar siruaioti 
occurs for mono- and diethttnolsmine. it is possible. by the choice of appropriate con- 
ditions, to ellkct the separation of all of the orher ttmines listed in Ttlble 6. When a 
miswre of t\vo amincs is to be separated usin, c tv 2 column less than 30 cm in let@_ the 
ratio of their capacity ratios must be > 1.3 for small monofunctional compounds such 
as methyl- or ethylttmine and > 1.5 for large polyfunctiotxtl compounds such ;ts 
ethttt~olttmirtcs and poIyethylenediamines_ The elution curves for these large poly- 
funclionsl compounds exhibit a larse spread lvhich makes their septtrttrion diificult. 
The separation of ethylenediamine and its polymers on a 14-S cm ‘.: 3-90 cm2 column 
of Do\ves 50-X4. 200400 mesh_ shown in Fig_ 6 is not quantitative: a quttntitarivc 
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TABLE 6 

CAPACITY RATIOS (K’) OF 22 AMINES ON DOWEX 50-X4 (K’). 200300 MESH. Ii\! PO- 

TAWUM PHOSPHATE SOLUTIOSS 

Slonwthanolamine 
Dkthanoktniine 
Tricthanolamine 
Echylcncdizlmine 
Dieth$enetriamine 
Trierh~lenetetr~mintt 
Tetr~sthylcnrpmran~ine 
.MxhvIamine 
Morpi~oline 
Ethylaminr 
Isopropylamine 
Tctramethylmedhrllinc 
rwl_-Butylamine 
sProp~l;lmine 
Dicthylamine 
sec.-Butylaminc 
a-Butylamine 
Triethylaminc 
Pyridinc 
rr-Amylitminc 
AniIinc 
Benz$aminc 

1!.3? O.&S 

1.21 1.6Y 
1.10 1.56 
MS 7.36 
l-36 1.0s 
1.36 2.31 
1.1s -_- 7 ‘9 
1 .OY 2.31 
I .65 2.3 
1.69 1.90 
Z’.O’ 3.31 
2.5s 447 
z.s4 5.11 
‘.S2 

_ -- 
323, 

3.01 5.51 
3-07 6.09 
;.s5 . s.0-l 
529 112 
5.07 12.7 

10.0 13.3 
IO.3 23.3 
20-l - 70 _ 9 
17.5 

150 300 450 600 V 

1.76 

3.37 
3.62 
7.01 
7.Y6 

13-7 
19.2 
31.7 
6.35 

12.4 
13_0 
33.1 
33.0 
.~. 
- 
_- 
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-. 
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Fig_ 6. Separation c$ cthytcnediaminc and its po:yners by sahing-out chronlatography on a c-ation- 
cluchange column_ (1) Ethylmrdiamine: (2) dieth~lenetrirtmil1Lz: (3) trirthylmetetmmine: (1) tetm- 
methyIenepentamine_ Ion eschanSer: Dower. 50-X4 (KC). 200400 mesh. CoIumn dimsnsions: 
13-S cm 1-1 3-90 ck_ Mobile phase: I-SO AI tripotassium phosphate (I), chnngcd at 576 ml to 0.45 Af 
(II)_ F&xv rafef 0.5 cmfmin_ _-i -z nbsorbance; V = volume of rIn;ltc (ml). 
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separation would be obtained by elution frotn a 20-cm column with approximately 
1 1 of 1-80 A4 potassium phosphate solution_ 

The separation of another 1 I-component mixture by salting-out chromttto- 
grrtphy is shown in Fig_ 7 (ref. 93). 

150 300 450 600 750 900 1050 1200 
V 

Fig. 7. Sepnrxion of nn I I-component misture of amines by salting-out chromatography on ;1 
cation-exchange column_ ( 1) Xlonoctl~anolnmincr (2) nicth~lmniner (3) ethylamine; (1) isoprop_vl- 
amine: (5) II-prop_\-hmine: (6) diethylaminer (7) wr_-but~lamine: fS) rr-butylamine; (9) trieth_vlamine; 
t 10) Ir-amykuuinr: ( I 1) benz~hminc. Ion exchanger: Dowes 50-X4 (M+), 200400 mesh. Column 
diniensionsr 77.5 cm :-. 2.7S cm’. Mobile phase: tripotassiurn phosphate: I. 1.75 M: II, 1.32 Jf: 
III. 0.22 dl: clucnt &an& ;It 32-l and 960 ml. Flow-mtc: 0.1 cm/min. c = concentration (arbitrary 
units): 1’ -= volume of elulltc (ml)_ 

Strongly acidic cation eschangers have been used for the separnrion of drugs in 
mixtures- Six principal alkaloids in opium wet-e separated by combination of anion- 
cschange and cation-eschange chromatography ‘* The sample was passed through :t _ 
column of carion eschangx- in the hydrogen form; nat-ceine and morphine \\\-ere 
eluted with I X aqueous ammonia and then separated by anion-eschange chromato- 

grttphy. Further elution \vith I X aqueous ammonia eluted codeine from the cation- 
exchange column and the remainder of the alkaloids \vere eluted with 1 N alcoholic 
ttmtnonia. This frrtction xv;is re-chromtttographed on the satne column. Papaverine 
and narcotine were sepxtted by elution \vith 0.1 AI ammonium acetate butf‘et- af 
pH S in SO!;: ethanol. Thebaine was eluted \i-ith 1 N alcoholic ammonia. 

Caffeine was separated from quinine and strychnine on a column of Doxves 
50-X2. 10%200 mesh, by elution of the first compound with acetate buflk- (‘1 N in 
acetic acid and O-1 N in ammonium acetate). Quinine and strychnine were then 
eluted with I N alcoholic ammonia”_ This method can also be used for the separation 

of caffeine frotn I>-phenetidineyJ_ It is possible to separate codeine from tet-pine hydrate 
by sorption on a column of Dowes 50-XS follo\ved by elution with 10 1’;; ammonia in 
cthmtnolic solution”. L 

EGctive separations of various pharmaceutically important aminesl phenolic 
amines and barbiturates can be achieved by salting-out chromatography on DoIves 

50-XS using solutions with various concentrations of tripotttssium phosphate or am- 
monium sulphate in 
is it more etlkctive 
aminesyh-“_ 

water or aqueous methanol as the ehtents. Amtnonium sulphttte 
saltins-out agent for non-phenolic amines than for phenolic 
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(~a) Spn-urion of mnirws ami Ilitl-~~~~~~l-~oIltui~li~l.~ busic CO~Il~J~JLCilC~S 011 CUfiOil 

im-l~mgc~r.s orltw rlmf t coil wtiionnl iott-c~_~--c.llrtrt~ri~ wsitts 

So-called oleophilic ion-exchange polymers have been prepared with the aim 
of increasing the swzllin~ of cation-exchange resins in non-aqueous solvents, thus in- 
creasing the rate of ion eschange in these media’“. Lauroylated and partially sutpho- 
nated polystyrene cation eschtmsers showed considerable sivelling in a number of 
non-polar solvents, including saturated hydroc:trbons”‘_ 

The aflinities of nitrogen-containing orsank bases for these eschtmgers increke 
with their basicities- For bases of nearly equal strength, secondary interactions be- 
t\veen the resinous skeleton and the base have a strong influence on the sorption 
seIectivity_ On the basis ofdifkrences in selectivity, some chromatographic separations 
of organic bases could be performed in non-polar media_ Pyridine w;ts partially septr- 
rated from anilke by elurion with 0.04 Nrr-butylamine in mheptane’““. The separation 

of aniline from nicotine was hindered by the relatively strong non-ionic sorption of 
aniline- These compounds. however. could be partially separated by elution \vith 
0.62 N rt-butylamine in n-heprane. if sample overloadin, t* was avoided and ;t fine-mesh 
resin used_ Attempts were also nxtde to separate some indole alk:tloiJs_ By elution 
with pyridine or rr-butylamine in 1 :I dichloroethane-methanol_ it \~a?; possible to 
separate renosidine from other ;tIkaloids ofthe reserpine class and to achieve ;L partiaI 
separation of Iettrosine from ~~inC;lletlkobl;tstiie*““_ 

Inorganic ion-exchange crystals have been used forsomeseparations ofnitrogen 

basra. Aluminium silk;ltLa show n~olccular sieve properties and a complctc replace- 
ment ofthe sodium ions initially present in the zeolite structure by organic ions is not 

possible and the eschange reaction is contined to the larse cavities in the crystal. The 
maximum extent of the eschange decreases \vith increasin, u molecular \veight and 

polarizribility of the cations. it is less for the di- and trialkyl derivati\:es than tbr 

the monoalkyl ammo&urn ions ofcompartlble molecular \i-eight_ for which the steric 
hindrance is not pronounced to such an estent’“‘. 

The synthetic inorganic cxtion exchanger Decalso F (K’ 1 has been used for 
the separation of alkaloids into cationic and anionic fractions’“‘. T\VO columns in 
series, the upper filled with activated 6040 mesh Decalso and the lower \vitfl 60-80 
mesh Supersorb- were used for the separation of vitamins B, and B1. Thiamine is :I 
stronger base and is sorbed on the Decalso column and the less basic riboflavin passes 

through and is sorbed on the column ofSupersorb_Thitlminciscluted from the Decalso 
coiumn wirh 25:;; potassium chloride soiution and riboflavin is recovered from the 
Supersorb column with ZOT,, pyridine in Z y,, acetic ttcid’UJ. 

Rebertus*w studied the chromatogrnphic septlrtrtions of some substituted 
ammonium ions on columns ofzirconium phosphate. 100-100 mesh. in the hydrogen 

form_ Akane diammoniu~~ ions \vere found to have considerably higher atliniries for 

zirconium phosphate than any of the monoammonium ions essmined. which is es- 

plttined by the fitct that two ammonium ~ voups of ditmunonium ions are bound to 
the eschaner. Theseparation ofoct_vlttmn~onium_eth_vlttn~monium, methylttmmoniuIii 
and ethyIenediammonium ions was achieved on the 055 :I Ct2_5 cm column of 
zirconium phosphate by eiution with 0-l IV hydrochloric acid. The elution curves 

showed severe tailing, which could be decreased by increasing the temperature_ Thus, 
the monoammonium ions were eluted at 50’ and the ethylenediammonium ions tft 90’_ 

A more ditkult separation. that of triethanolrtmmonitrm, ethttnolnmmoniu~~~ and 
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ammonium ions. \\‘;ls partially elkted 011 :i 0.55 -, 170 all column ofzirmniuni plios- 
phatc at SO’ ( Fig_ S). 

Cross-linked desttxn cation eschangcrs arc useful for some separaiions of 
nitrr~~en-conttiinill~ bases_ p-Bromottnilinc was separated from o-bromo:tniline on ;I 
50 Cl11 .-.: Z-75 mm coimm packed with the \vcakly acidic carbosymethyl cation 
c.schtinger CM-Scphadcs C-25. A complete separation was achieved in 36 min using 
I :V hydrochloric acid for the elution at ;i tlow-rate of 4.0 cm~min (rrf. 105). 

A strongly acidic suiphoethyl dew-an cation exchanger. SE-Sephadcs C-25_ 
\\‘;ts used for the chromatographic separation of some biogenic amines (imidazole. 
indole and ctttechol compounds) by steplvise elution with buflkrs of increasing pH_ 
A srtmplc was applied on a 17 :-; 200 mm column packed with ion eschangcr and 
equilibrated with 0.05 A1 ammonium for-mate buffer at pH 2.1. DOPA. dopamine. 
tryptophan. LGhydrosytryptophan_ norepinephrine and melatonin \verc elutcd \vith 
0.05 AI sodium phosphate at pH 6-l and the clution of 1 A-methvlhist3mine and 5- 
h?:drosvtr_vptaminc followed \vith 0.1 M sodium phosphate but%- of pH S.2 as the 
elminS agent. All compounds were found in the effluent \vith 9%100 :‘,, recovery““‘. 

A 50 ;-: 0.9 cm column packed with SE-Sephadcs C-25 has been used in tt 
semi-automated method for the separation and determination of opiates in illicit 
narcotic preparations, The compounds were dcrermined by continuous ultraviolet 
monitoring of the column efiluent and calorimetric assay \v\‘;~s used for lactose and 
mrmnitol. A 0.2 AI sodium dihydrophosphate butt-et- of pH 4.6 was used for the elution 
at ambient temperature and was ptmipcd through the column at :I 9.0 ml,ih raw. Peak 
elution volumes for compounds of forensic interest are presented in Table 7. Some 
compounds- such as meperidene and morphine- cannot be separated from each other 
and are eluted in one clution band with a non-Gaussian shape or a shoulder. Thin- 
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T-ABLE 7 

PEAK ELUTION VOLUMES FOR THE MOST COMMON COMPONENTS OF NARCOTIC 
PREPARATIONS 

Column IS0 :-. 0-0 cm) of SE-Srphttdtx C-25. coarse. Elution with 0.2 AI NaH,P03. PI-I 4.6. Flow- 
rate: 9.0 n$h_ 

C#~~lpOUlUi 

LactoseJ 27-O 
Mannirol 31.5 

Heroin 57-6 
Codcinc 57.6 
N-_AIIylnom~orphinc 57.6 
ErhyImorphinc 60.3 
64onoacetylmorphinr 67.5 
Xarcotine 69.7 
Meperidine 71.1 

Morphine 72.0 
Procaine 76.5 
Methadone 77.-l 
Strychnine 57 s *_< 
Suecinykholine 103.5 
Mcthapyrilcnc 112-6 
Paprtverine 111.s 
Quinine 155-S 

layer chromatography can be used for further separations of the unresolved com- 
pounds_ This peak overlapping_ however_ does not dk~inish the usefuh~ess of_the pro- 
cedure described_ A hypothetical separation of the compounds found most frequently 
in narcotic mistures is illustrated in Fig_ 9 (ret: 107)_ 

Alsinic acid, it weak cation exchanger introduced as a thin-layer chromato- 
*v:tphic stationary z phase Iw. has been used for the column chromatography of primary 
aromatic amines’“9_ Various dilute acids were tested as the fluting agents: 0.1 dl 
hydrochloric acid and 1 M monochlorowetic acid are stronger eiuents than I M 
acetic acid. The aifinity of amines for alginic acid is considerably reduced \vhen these 
acids are used and the efficiencv of the separation is decreased. These ncids can be 
used_ however_ if the separation 7s required ofamines \vith ;I higher number ofamino- 
groups. which are more stron& sorbed on the exchanger_ Elution with aqueous- 
organic solvents gwe no advantages over the use of aqueous solutions. 

The best separations of z.t variety of amines were achieved with 1 M acetic acid 
as the eIuent_ Fig_ 10 shows etution curves for aromatic amines on LL column with a 
cross-section of 0.94 cm’ fiNed with 4 g of alginic acid. SO- 150 mesh. using 1 ki acetic 

acid for the elution at a flow-rate of 2 ml,!min_ It can be seen that a good separation 
ofseveral isomers is obtained. Mixtures of o-, p- und nr-nirroanilines: o-. p- and III- 
aminobenzoic acids: o- and p-arsanilic acids; and ktminoralicyiic and S-amino- 
salicylic acids can be quantitatively separated_ A clean separation of4aminosalicylic 
acid from w-aminophenol is also feasible’“9. 

CarbosymethylcelIulose. which is a weakly acidic cellulose cation eschanger. 
shows, with respect to alginic acid. a lower atlinity for aromatic amines and therefore 
has fewer possibilities for use in column chromstoSraphic separations. The separation 
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Fig_ 9. Scparaion of compounds occurring in nxcotic misturcs on destmn cation exchanger_ ( 1) 
Lactose: (7) nlannitol: (3) heroin (codrinc); (4) morphine; (5) procaine: (6) strychnine: (7) metbn- 
pyrilmer (S) quinine. Ion es&anger: SE Srphxks C-15. coarse. Column dimensions: 50 :-: 0.9 cm. 

hlobile phase: 0.1 df NaH,PO, bufkr. pH 4.6. Flow-rate: 9.0 ml;h. Temperature: ambient. Detector: 
UV, 2-X) run: mannitol and lactose wxe determined by a conventional calorimetric procedure. Four 
fractions per hour. c = concentration (nrbitrxy units): II =z Fraction number. 

Fig. IO. Elution curves for aromatic amines on an algink acid column. (a) Sulphanilic. mcd~anilic 
and orthanilic acids: (b) o-arsrinilic acid: (c) o-nirroaniliner (d) p-nitroaniliner (e) p-arsnnilic acid: 
(r) ?-sminosalicylic acid: C_e) o-aminobrnzoic acid: (h) sulphrtnilamidc: ti) p-rtmino3crtophenonr: (3 
-5-aminosalicr_vIic acid: (III) p-aminobsnzoic acid: (11) o-chloroanilinc; (0) p-aminohippuric acid: (p) 
rn-nitroanilinc: (q) aniline: (r) o- and p-toluidiner (5) nz-atninobenzoic acid: (t) o-anisidine and (J- 
aminophenol: (u) MI- and p-aminophenol; (v) ,t- and (kxtphthylaminr. Ion cschan:er: alginic acid, 
50-150 nwsh. Column: cross section 0.9-l cm’, filled with 4 g of exchanger. Mobile phase: 1 .\I xetic 
acid. Flow-Ettc: Z ml.%nin. r =-= concenrrarion (arbitrary units): I’ == volume of rluatr (ml). 

of several amines can be achieved with \v’:iter 3s the eluent_ 3s she\\-n in Fig_ 1 1. AS 

on alginic acid. it is possible to separate the isomers ofaminobenzoic acid on cnrbosy- 
methylcellulose_ Amines that are held stronglv on the column when eluted with water 
can be eluted with 1 M acetic acid. In this wai* it is possible to septlrate benzidine and 
the IIWIU- and Ixrru-isomers of phenylenediaminelc’. 

Celles CM cxbosymethyicellulose in a 2.5 ‘: S cm column was used for the 
separation- isolation and determination of water-soluble and water-insoluble long- 
chain quaternary rrmmonium compounds from commercial products such as testile 
softeners. surface-active asents and germicides. After sorption on the ion-eschange 
column. the compounds were eluted with alcoholic hydrochloric acid, estracted into 
chloroform and determined by reaction with bromophenol blue”“_ 



32 P. JANDERA. J. CHURACEK 

Fig. 1 I_ Elution curves for aromatic amines on a c~rbos~meth_vIc~llulo~~ column_ (a) Sulphnnilk 
merhanitic and onhnnilic acidsr tb) o- and p-arsnnilic acids: tc) o-nirroanilinc and o-aminobenzoic 
acid: (d) -l-aminosnlicylic acid and p-nitronniline: te) sulphztnilamide and p-aminohippuric acid: (f) 
p-aminoacetophenonc: (g) p-aminobmzoic acid; (h) nr-nitroaniline; (i) waminobenzoic acid. Ion 
exchsngcrr ~~rbos~meth~lcelIuIose. HZ form. Column: cross scction 0.91 cm’. filled with 2 g of 
achanger. Mobile phase: water_ Flow-rater I mI~min_ c =: conccntrttion ktrbitraty units); V = 
volume of eluatc (ml)_ 

Chromatography on carbos_vmeth~lcelIulose columns has been used for the 
separation and determination of basicdrugs in urine*“-L”. Guanethidineand its metab- 
elites (guanethidine N-oxide: 2-(6-c~rbos_vhes~frtmino)eth~l~l~~~nidine) could be - 2 
resolved in 6 h using four ion-eschanse columns (1.2 ‘-: 6 cm) connected in series by 
eiution with borate buffer of pH 9.7 containing 0.056 41 sodilml tetraborate. 0.044 M 
sodium hydroxide and 0.2 M sodium chloride at a flo\\--rate ofO_16 ml/min”‘_ 

With two f-,rrbosymeth~~IceIIulost columns of the same dimensions and :I 

suitable choice of the elutitq bufkt-_ various drugs can be separated ft-oni each othrt 
tind from the normal basic constituents of human urine. At pH S.5. cyclizine, pethidine. 
morphine and amphetamine arc separated from interfering substances_ while 
methadone. strychnine and ephedrine are not resolved. By changing the pH of the 
buffer to 10, these compounds can also be separated from the interfering subst;mces’“. 

A combination of ion-exchange chromatography on a Celles carbosymethyI- 
cellulose colutnn and a Dowes SOW-XZ cohttnn, using step\vise elution with water. 
phosphate and acetate buffers (pH X5.4.5 and 5.5) has been applied to the separation 
of cyanocobniamin. methylcobaIamin. cobamide and h~dros~cobtiIamin’*~_ 

Whatman-P-l 1 cellulose phosphate columns together with a continuous polaro- 
graphic detector have been applied to the separation and determination of ctltechol- 
amines and related substances”-‘. An esponential salt gradient was used during the 
elution- A solution of O-5 M ammonium acetate in ZOt!,;; wpropanol_ pH 6.0. was 

pumped at a rate of 0.23 ml/min into a mixing vessel containing 25 ml of 0.05 M 
ammonium acetate solution_ The mixture was supplied to the column (35 :-: O-5 cm) 
at the same rate_ A clear-cut separation was obtained of 3.4dihydrosyphenyhtcetic 
acid. r_-tyrosine- DOPA_ tyramine- adrenaline, dopamine and noradrenaline in micro- 
gram amounts with 9%loo”/, recoveries_ This method has been used for investigating 
the biosynthesis of catecholamines in natural materials”‘. 

D_ Hir:Fpc~c~~j cjzf orrrurogrupjzJ off ~itr~~.~~~il-cc~~lIaillrir 8 husC3- mrtj wjurcd cofnjmurcj_~- Oil 

pejjicujur and comrojjd srir$zce po fosir_v iofz c~_x-cj~aqc73- 

The introduction of new, highly efficient ion-exchange packing materials with 
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a thin, superficially active layer on an impervious solid core made possible numerous 

separations of nitrogen-containing bases. drugs and related compounds in several 
minutes. 

Strongly acidic cation-eschange columns consisting of the support Zipas SCX 
coated with a sulphonated fluorocarbon polymer at-e useful for the separation of Ai- 
phtttic and aromatic amines_ Theelution volumes ofthesecompoundscan becontrolled 

by an appt-opriatechoice of the eluting t~~ediun~. Sorption on the Zipas cation cschanger 
decreases with increasing pH values andjor ionic strength of the mobile phase. 
Sometimes_ the reverse elution order may occur at higher concentration of the salt in 
the eluting agent_ in contrast to the hehttviout- nt low concentrations. For esample_ 
quinoline was eluted prior to S-hydrosyquinoline up to a sodium nitrate concentration 
O-10 AZ, while rhe reverse elution order was observed at hiphet- sodium nitrate concen- 
tr;ltions”h_ 

In addition to changes in pH and ionic strength_ small amounts of tnetktnol 

(up to lOlJ<) may he added so as to modify the mobile phase in order to t-educe the 
retention times of stt-ong-ly held compounds. The addition of methttnol is p;trticuI;trI_v 
useful when compounds have :t limited soluhility in \ctter_ Higher concentrations of 
organic solvents and halide acids and salts as well as the use of aqueous-organic sol- 
vents at elevated temperatut-cs. ho\vevet-, may he harmful to the ion-exchange shell 
and have to he avoided. 

Fis. I2 illustrates the separation of four aromatic amines, pyt-idine. S-hydrosy- 
quinoline. quinoline and isoquinoline, in less than 10 rnin on :t 1000 ‘-: 2.1 mm Zipttr 

strong cation-eschnnge column \vith O_ I5 M sodium nitrate solution as the mobile 
phasr at ;t column pressure of 1200 p.s.i_*‘h_ 
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Fig. 12. High-speed, high-efiicicncy scpamtion of four nirrosm-containing hrrrrocyclic cornpour& 
on strong controlled surface porosity mtion exchanger. ( I) Pyridinc: (2) S-h~dros~yllinolinc: 13) 
quinoline; (4) isoquinoline_ Ion cxhan~er: Zipax SCX cation eschmgrr. Column dimensions: 100 
cm :-: 2.1 mm I.D. Mobile phase: O.l_ ,\I sodium nitmtr_ Flo\v-mte: 1.5 mljmin. Column input 
pressure: I?000 p.s.i. Detector: UV, 25-I nm. I --T inject: r :- time elapsed (min). 
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The complete separation of a synthetic mixture of substituted benzimidazoles 
could be achieved on the same column by clution with 0.025 N tetramethylammonium 
nitrate-nitric acid (pH I-74) at 60.’ with :I column input pressure of 325 p_s_i. (Fig. 
13y_ 

t 

Fig_ Is_ High-sptt-d. high-efliciency seprtmtion of- a syntbctic misturc of substitutrd bcnzimidazoks 
on a cohunn of strong& acidic controlled surface porosity cation exchanger. Ion a&anger: Zipax 
SCX cation eschanger. Xl-37.1rm. Column dimensions: 1000 :-. 1.1 mm I.D. Xlobile phmc: 0.025 K 
tetramcthylsnm~onium nitrate-nitric acid. pH 1.71. Flow r;lte: 2.04 ml;min. Inlet prcxsurc: 525 
p_s.i. Tempcrarure: 60’. Dettaztorz UV, 154 nm_ Smllplc size: 10 rr1 of 0.1 111 g’ml of each coIllpoIlcIlr. 

A = absorbance: I -= time elapsed tmin). 

Chromatogrtrphy on controlled surface porosity cschangers is ideally suited 
for the analysis of muhicomponent dru, ** formulations. Purity and stability tats of 
drugs and their formulations have been performed. rates of decomposition reactions 
have been studied and drug in biological fluids have been determined by this method. 
The quantitative analysis of ;L variety of active ingredients in anaIgesic tablets can 
_generalIy be completed in about IO min- 

Fig_ 14 shows the separation of the components of an APC tablet (aspirin. 
phenacetin and caffeine) on a lCC0 1-c 2-I mm Zipas stron, 0 cation-eschange column 
using eIurion with ;I buffer at pH 6% (ref- 1 16). 

The separation of a similar four-component analgesic with benzoic acid as the 
internal standard on a Zipas support coated with a strongly basic anion-eschanpe 
resin (Zipas SAX) is shown in Fig. 15 (reC I IS). The elution xx*as carried out \vith a 

pH 92 buffer with the ionic strength adjusted by the addition of O-CO 5 112 ammonium 
nitrate solution. The quantitative separation of components of a tablet of asthma and 
hay fever medication may be given as a further esnmple’“. UsinS 0.01 111 sodium 
nitrate solution at pH 5-7 as the eluting agent and a 1500 1-c 2 mm column packed with 
Zipas SAX? the components were eluted in order ephedrine_ theophylline and pheno- 
barbital in about 15 min with a coIumn pressure drop of IS00 p-s-i. 

LittIe work was devoted to the ion-exchange chromatography of barbiturates 
and their metabolites prior to the introduction of the high-pressure. high-efticiency 
technique_ Chromatogaphy on pellicular and controlled surface porosity anion 
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cschrtngers made possible rapid quantitative hrtrbituratc analyses \vithout the dcrivati- 
zttion step that is necessm-5 for gas chromatograpll~. Chromato~t-aphy on ;t colwm~ 

containing a pclliculttr anion eschanger. perfor.:~ I..cd at SO \vith 20.0 ninl ph~~c~liate 
buffer at pH 3.5 as the eluting agent. proved suitable for the separation of pheno- 
barbital and lt~:iros_vphenob3rbital. Phosphate buffers proved unsatisfactory eluents 
for other barbiturate mixtures. as poor peak shapes \vere obtained. The use of a lineal 
sodium chloride-it-adient. ho\vevet-_ is \velI suited lbr both barbiturates and their nwtah- 
olitcs. \vhich :tre eluted as sharp symmetrical peaks. Good separrttians of nletttbolites 
ttnd the parent compounds cm be achieved . as shon~~ in Fig_ 16. Alcoholic or ketonic 
nietttbolites sho\ved retention volutnrs less than those of the parent tnolecules. The 
phenolic metabolite of phenobarbital is an esception. its retention volume being 
gtxtter than that of phenobarbitttllz”_ 

The chromatography of another barbiturate nGsture on the controlled surface 
porosity anion exchanger Zipas SAX is shown in Fig. 17. Using an input pressure of 
1600 p.s.i., it was possible to separate ;t five-component misture in less than i 5 min”‘. 
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Fis 16. Chromatography of harhitur~tes and metAwli;es on a pelliculrtr anion cxchrtnger. ( 11 Fekl- 
he.sobwbitaI IO.3 II _ g)r (2) il~dro.~v;lmobarbiral t 13 .~q)r (3) conraminant: (1) rtmobarbiral (5.3 ftgi: 
(5) phenobarbital (2_5rr_e): (6) h_\-drosyphenobarbital (3_5.@_ Ion exchanger: prllicuhr anion es- 
changer_ Column dimensions: I20 :- O.Ou in_ I.D. Mobile phase: O_ t-1.0 m.11 sodium chloride so- 
lution at pH 7_ Flow-rate: 26 m1.h. Ink pressure: 700-900 p.s.i. Temperature: SO‘. Dettytionr I_!\‘. 
15-l nm. Instrument: Vnrian I_CS IO00 liquid chromarogrxph. =I :-: rtbsorbance: r .m time eiripsed 
tminL 

Fig i7. High.sprsd, hi&etficiency chromatogmphic separation of a tivc-componcnt harbiiuratc 
mixture usinS a cotumn pxktxi with a conirolled surface porosity anion eschaqcr. (I 1 Dicthylbar- 
bitair (2) probarbital: (2) bumbarbital: (1) phenobarbital: (5) secobsrbitaI_ Ion exchtlngerr Zipas 
S-AX anion exchanger. Cohunn dimensions: 1500 i- 2 mm I.D. Mobile phase: O.OI 31 sodium ni- 
trate. pH 5-7. Flow-rare: 1.2 mI,‘min_ Inlet pressure: 1600 pr_i_ Temperxture: 3S’_ Drtecrorr UV. 
252 nm. Instrument: Chromatronix Xlodrl 3100 UV_ Sample sizer IOrrI (appros. 300 ns of tich 

component)_ A .= absorbance: I -= rlution time (mink 

In 1954_ Stokes and Walton12z noticed ligztnd sorption on cation exchangers 
containing completing metal ions. Later, this phenonwnon \ws utilized by 
Helfferich”’ to introduce :t new separation technique, Jigand-rschange chromato- 
graphy- In this method, a cation eschanger containing ;1 complesing metal ion (Cu’+. 
NizL. Ag’. Co3+. Fe’+_ etc.) is used as a solid sorbent, The potentid ligands are sorbed 
from solutions and form compkses with the metal ions in the resin or displace other 
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ligands which have previously cotnplesed the metal. The latter remains in the ion 
exchanger_ In contrast to conventional ion exchange. in which counter ions are 
exchanged, Iigand exchange represents the exchange of ligands for other ligands or 
for solvent molecules in the ionic solvation shells. 

Complex formation occurs by a very strong interaction if the proper metal ion 
is chosen. Thus. ligands are sorbed selectively even when the @and concentration in 
the esternal solution is extremely low and very efficient separations of li_gands from 
non-ligands can be achieved_ Moreover, complexes of a metal ion even with rather 
similar ligands differ greatly in their strengths, and these differences can be utilized 
for mutual chrornato_graphic separations of listnds on columns of”ligand eschangerss” 
even in instances in which conventional sorbents fail. With an appropriate choice of 
a complesing metal ion_ the selectivities of ligands can be varied widely and even the 
reversal of the order of selectivity can be achieved”‘. For example. by selecting a 
suitable metal ion, it is possible to adjust the conditions in such a way that a mono- 
dentate Iipand is preferentially sorbed from concentrated solutions and a bidentate 
&and from dilute solutions_ l.3-Diaminopropan-2-01 was removed froin a dilute 
aqueous solution (0.005 M) and from a dilute aqueous mixture containing a large 
excess of anunonia (0-l M ammonia +- 0.001 A.1 diamine) by passing the solutions 

through a small laboratory columned containing Amberlite I RC-50 (Ni(NH,),” 1 
carbosylic cation es&anger. Concentrated ( 15.6 iIf) aqueous ammonia displaced 
I .3-diaminopropan-2-ol completely in a highly concentrated and rather snuill etfl.uent 
fraction containing the diamine in excess over anm~onia”‘_ 

Other amines. ho\vevcr. form nickel complexes with stability constants at 

least 100 times St-eater than l.3-diaminopropan-Z-ol_ and are held so strongly on the 
resin that their elution with concentrated ammonia !Xls. Ethylenediamine \v:ts eluted 
in a wide band from the nickcl form ofthe resin. but the triamine. tetramine and penta- 
mine could not be recovered without strippin, 11 the metal from the resin”‘_ 

If the mutual separation of two OI- more bases is to be achieved_ solutions of 

another l&and are usually used as the elutin_ ‘7 agents. The distribution of a base. B, 
betvveen the resin in the metalIic form complesed a-ith a conlpetine ligand. L, and 
aqueous solution is expressed by the distribution coeflicient D,,. When the ligand L is 
present in a large escess over the base B, and msumin E that a single complex ML,, is 
formed and that neither the Iigand L nor the metal M are subject to any other competi- 
tive reactions_ a simple equation can be vvritten”h: 

(7) 

where (L.,))~ and (c& denote the total (analytical) concentrations of the base B and 
the ligand L, respectively_ in the resin phase and (c.,A and (c,J, those in the esternal 

solution; A’:’ is the selectivity constant, dkned as 

K; _ (CIA _ (c-IA 
(cB)s ((.‘h-t 

(S) 

[L] :? c; is the actual concentration of the free ligtnd in the solution: Q represents 
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the cation-eschange capacity of the resin: and II 1: millimoles of the @and bound 
per millimole of the metal ion”“. The details of the calculation of KF for systems in 

- which the formation of other complexes is to be expected are given elsewhere”‘. The 
stability constants of the compleses formed and the distribution coellicients of the 
base B and Iiynd L must be known, and the number of the free coordination valencies 
of the metal for ihe ligands must be taken into account in this approach_ 

The use of ligttnd-exchange chromatogrttphy. ho\vever_ has serious prxtical 
limitations_ One major dilkulty is that the metal may be displaced from the resin by 
the eluent or by one of the ligands to be separated_ In this event_ not only loss of the 
@and-exchange capacity \vould occur_ but complex formation in the esternttl solution 
would t&e platie_ thus counteracting the Iigand-exchange selectivity and, consequent- 
ly. seriously trtkting the separations. For this reason. the use of carbosylic cation 
cschttngers or of chelating resins is often recommended_ The active eschansing groups 
of these resins hold the metal ion more tightly by partial complesing. 

Walton -tnd co-\vorkers12”-*z’ ‘ compared the elation behaviour of amines on 

cation ercltan~ers of various types in the nickel and copper forms. Resins with 
functional phosphoric acid groups ( Rio-Res 63) have a low coordination capacity of 
the metal ions for amines. Macroreticular sulphonated polystyrene cation-eschanse 

resins (Amberlite XE-2i9) and cellulose cation eschtinsers \vere unsuitable for ligand- 
exchange chromrttogrttphy because the nickel ions (and also copper( II) ions) wre 

displaced too readily by the ammonium ions in the aqueous ammonia solutions used 
;is eIuents_ Chelating resins have been investigated \vith the aim of reducing the metal 
Ierrkttge during the chromatogrtrphic run_ These resins contain iminodiacetate func- 
tional groups. \vhich block some of the coordination sites of the transition metals, so 

that a nickel ion can bind only three ammonia molecules instead of six and the attnch- 
ment-of those li_eands that are bound is also weakened. The consequence is that the 

binding ofttmmonia and other amine ligands is considerably less than the binding by 
meted-ioadrd sulphonic cation-eschange iesins and the elution volumes from cheltlting 

resins in ligand-exchange chromatography are correspondingly smaller. Similar 
behaviour has been observed \vith carbosylic cation-eschanse resins. The elution se- 
qusncefrom thechelatingresins, ho\vever_ is thesam+;s from tl~tsulpl~onicescl~an~ers 

because they have the same cross-linked polystyrene matrix_ There is evidence that 
the affinity of amines for the pol\;styrene skeleton of the resin can predominate over 
the atKnit_\- for the nickel ions and thus determine the elution order_ Steric hindrance 

effects may also be important for the sorption of amines on cation es&angers loxled 
with complesing metals*zu_ 

The elution order of amines is different on zirconium phosphate columns in 

which_ in contrast to poIystyrene exchangers_ non-ionic interactions with the resin 
matrix are absent_ This is very obvious with benz_vItitnine and butylttmine, \~hich are 
held stron& by a polystyrene-based resin but only very \veakly by zirconium phos- 

pIlate_ On the other hand: diethan&mine is bound much more strong!? by the polar 
matris of zirconium phosphate than by cation-eschange resins. Carbosylic resins \vith 

:L poIymethacryIate or polyacryiate mzttris = Gve elution sequences different from those 

on both polystyrene-based resins and zirconium phosphate. 
In spite of the difficulties mentioned. a nlmiber of interestins separations have 

been achieved_ Ethanolamine was partially separated from diethylamine on a sulpho- 



ION-EXCHANGE CHROMATOGRAPHY OF NITROGEN COMPOUXDS 39 

nated cation-es&me resin in the nickel form, while a similar separation on ~1 
carbosylic resin was not feasible: O-365 M ammonia solution was used as the t1utir.g 
agent_ 

1 ,j-Propanediamine. I +butanediun~ine and I .6-hesanediamine \vere sep;tr:lteCf 
on the nickel form of a sulphonnted resin by elution with 1.22 M ammonia solution. 
Ethylenediamine and 1,2-propanediamine \vere held so swoon& on the resin that theil 
elution from the column with aqueous ammonia ~-as virtually impcksible. The result 
of the separation of- diamines is shown in Fis. IS (ref. 126). 

The sepnrrttion of :i mistiire of- nionomlincs \i’;ki conip;irccl on both 
sulphonated and ctlrbos~lic resins in the nick1 form (Do\ves SOW-IYS and Bio-Rss 
TO, SO- 100 nlesh)“S. The elution order f-t-on1 the sulphonated resin \vith 0.94 M and 
IS dl amnxmiv solutions used subsequently as the cluents 1~:~s as follows: dicthsnol- 
amine, ethanolamine. dimethylamine and butylmnine. Dirth~tnolrlmine \v;ts clearly 
separated fi-on1 etli:~noltuniine_ the resolution of. butylmninc f~roni Jinicthyl:iniine \v;is 
not complete and the elution curves of ethrino1aniiiie and dinietli~laniine overlapped 

\-cry seriously. The elution order f-row the carbosylic resin (using 0.77 Jl ;unnwni;t 
solution f-or elution) ~1s different: butylamine. dinwthylmnine :md ethanolaminc_ The 
separation of butylamine f-ronl the other LLVO amiws \vas superior to that on the 
sulphomted resin_ but no improvement \vas achieved in the separation of- dinwthyl- 
anline f*roni ethanoltuiiine. 

A mixture containins mono-. di- aid trimeth~ltiiiiiue kv:ks resolved on ;i I.2 y. 
30 cm column of-the monof-unctional chelating resin Cheles LOO ( Ni” ). X0-X0 mesh. 
by elution \vith 0-14 111 anunonia solution”‘_ Mono-, di- and triethanolamil;c ~voulJ 

also be separated from each other_ The same eluent \v:~s used in the chromatogr:tphy 
of- a mixture of- n-propylmnine and isopropylamine and ;I partial sepnrtkon \vas 
achieved on the nickel f*orni of* both chelating (Cheles lC0) and sulphonated (Do\ves 
SOW) resins of- 200400 mesh size. rel-t_-Butgl~~miile \vas \vell resolved f.rom wbutyl- 
amine on ;t I.2 ‘;: 1s cm column of the sulphonated resin Do\ves 5OW-XS (Ni’+)_ 
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200400 mesh, by elution with 3-O 114 ammonia solution_ The separation of the iso- 
merit bases cannot be attributed to the differences in strength of the metal-amine 
bindins_ The stability of the correspondin, = metal-amine complexes is very small and 

the differences in the effects on water structure are more likely to account for the sepa- 
ration achieved_ The more compact branched isomers enter the water clusters with 
greater ease than the non-branched isomers and therefore show a descreased affinity 
for the resfn. This behaviour results in shorter elution times for the branched isomers 

compared with those for the corresponding jr-isomers. 
Hydrazine could be separated from methylhydrazine and 1. I’-dimethyl- 

hydr.lzine on a column of sulphonated resin in the nickel form_ Dimethylhydrazine 

is not retained and methylhydrttzine is retained only ~~.&ly. These compounds were 
separated by elution with O-4 A1 ammonia solution_ Hydrazine is sorbed relatively 
strongly and 5 itl ammonia solution was used in order to accelerate its elution_ The 

good result of this chromatographic separrttion is ilIustrtlted by Fig. 19‘(ref_ 129). 

Benzyltlmine could be separated from ppridine by using a column of nickel- 

loaded Sl;;, cross-linked sulphonsted polystyrene resin by elution with dilute tmm~onia 

solution”‘_ 
The sorption of amines on monofunctional iminodittcetic chelariq resin in the 

nickel form increases in rhe following order: aniline, pyridine and benzylamine. The 
atirnities pf rhe aromaric amines for the resin matrix arc more important rhan the 
diKerences in the stabilities of their nickel compleses. These amines can be separated 
on a column packed with this resin usin, 0 Z M ammonia solution as the eluent at a 

flowrate of0.SOS mIjmin_ Louver ammonia concentrations resulted in long retention 
times*3’_ 

The formation of complexes with iron(il1) has been utilized for the separation 
of phenylenediamine isomers by ligand-exchange chromatography’3’. The mole ratio 
of the iron( III)-phenylenediamine complexes formed in the resin phase is 1 :I for the 
u-isomer and I 12 for the IJI- and p-isomers_ These three isomers were separated suc- 
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cessfullv using an 1 S :-- 753 mm column of the sulphonated cation exchanger Amber- 
lite CG-I20 (Fe”‘). The elation \\‘;s performed \vith 5 :-.I 10B3 &I aqueous ammonia 
at a ilo\\--rate of0_5 mljnlin (Fig_ 20). 

When ion-exchange cellulosts are used for liyand-exchange chrolnato~raph~, 

sorption oftmines is caused not only by the complesation of the metal ion, but also 
by the interaction of ~hr amine with the cellulose. Among the metal ions studied 

(Sb. Co_ HE_ Ag). antimow is held the most strongly on ion-exchange celluloses. A 
sharp separation of tmilinefroni trimeth_vlamine and dimethylamine is possible on a 
15 :-: 1 cm column packed \vith antimony-pretreated DEAE-cellulose. Aniline is 
eluted \vith diethyl ether and trimeth_vlttmine and dimethylrunine are then eluted in 

that order \vith ethrtnol’3-‘_ 
Lig-and eschan~e was investigated as a techniqur for removing. concentrating 

and determining potential lignds in petroleum products. The results achieved with 
the nxux-oreticular cation-eschrmge resin Amberlyst I5 in the nickel.. copper and iron 
forms were promisinp’3J_ 

1 nczCdyqU suggested ;t method involving the use of a cation-exchange resin in 

the form of a transition metal together \vith an eluting solution containing ;1 salt of 
that metal_ In this case. the metal in the resin competes \vith the metal in the outer 
solution for the ligand and the distribution coellicient is then controlled by ihe con- 
centration of the metal ion in the outer solution_ [Ml_ When interferences by acid- 
base equilibria are prevented, the follo\ving equation for the distribution coetiicient 
applies, to a first tipprosinitition: 

where Q is the ion-exchange capacity of the resin for the metal ill : /c,,,~ is rhe srability 
constant of the complex MB: and l/,, is the distribution coefficient of the free base. 
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In this derivation, the formation of only one comples species_ MB_ is considered and 
the sorption of the base by the resin is assumed to occur only on account of the COIW 
pies formation with the metal counter ion. 

Using this principle, p-toluidine was separated fi-om pyridine on a 6-5 :.-: 76 
mm column of Lewatit SP-100 (Ni’+)_ 0.2-0.4 mm, using IO-’ M nickeI( I I) chloride 
(pH 6.6) in 5OU: ethanol solurion as the eluenr_ Sick1 ions form virtunll~ no compleses 
with p-toIuidinc_ which is eluted first_ while pyridinc is delayed otving to its comples 
formation with nicket ions”. 

Aliphatic polyamines and other compounds related to the arginine p:tWvtly 
wrre chromatoeraphed on paper srrips impregnated \t-ith a srrone cation-exchange 
resin. Good resolution was obtained using acidic butlkrs or hydrochloric acid as the 

mobiIe phase. A quantitative determination was achieved after eluting the spots xvirh 

strong acid followed by dinirrophenylation”j. 
The dinitrophenyl derivtttives of amines can be subjected to direct chromilto- 

toy-aphy on cation-exchange papers. Usin, ‘1 the commerciat cation-eschtmge resin- 
conmining papers Amberike WA-2 and Amberlite I RC-50 (H 7 )_ the dinitrophenyl 
derivative ofethanoktmine wts separated from the derivative of meth_vlrmiineand from 
dinitroanilinr using the ascending development technique \vith methyl ethyl ketone- 
retr~lh_vdrofurr~n-\\-arer (3 14: 13). The spors formed could be recognized by their 
yettow coloration or by observing them under UV light_ The method has been utilized 
for the imid~sis of ethanolamine in plant tissues”‘_ 

Possibilities of the chromatographic separation of nitrogen-containing 
heterocyciic compounds (quinolines. acridines. indo1es and cttrbazoles) on ion-rs- 
change papers h:t\,e been investigated usin, tx various solutions of acids. salts :tnd bilscs 
as the mobile phase_ There is strong sorption on carbosylic cation-eschange resin 
paper (Amberlite W-4-2) and the separation possibilities do not seem very promising- 
On anion-eschange papers, on the other hand. most heterocyclic compounds nmve 

near the solvent front_ There is littlc ditl‘ercnce between cellulose and ceilulosc dcri\ra- 
tives in terms of the separability of various conipounds13’. 

Some heterocyclic bttser (quinoline- isoquinoline. S-h\-dros_vqLIinoline_ 6- 
methylquinoline, X6-dimethyIquinoiine_ 5hydrosyquinolinc and acridine) and alka- 
loids (yohimbine, strychnine, brucine, berberine, dicentrine, corydaline. protopine. 

narcotine and narceine) \vere chromatographed on Whatmsn No. 1 paper strips, 
impregnated with the Iiquid anion exchanger di(2-ethyIhesyI)orthophosphoric acid. 
Aqueous solutions of citric acid of varying acidity \\-ere tested as the mobile phase_ 

The R,, values were_ in most instances_ almost linearly dependent on the pH of the 
mobile aqueous phase_ The R, values increased with increasing acidity of the mobile 

phase_ By iln appropriate choice of the pH of the mobile phtlse. the optimum condi- 

tions could be selected for separations_ The spots on chromatogrtm~s were detccted 
with Drasendorff reagent*5Y_ 

A number of alktdoids \vere chromatoy-aphed on Whr~tman No. 1 paper 
impregated \vith zirconium phosphate_ The ascending development technique \vtls 
apptied with lOy:i acetic acid and I M hydrochloric acid xt 2Sr_ The results achieved 
using papers impregnated with ditferent wnountsofzirconium phosphatearesurveyed 
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RF VALUES OF ALKALOIDS ON WH.4TMAN NO. 1 PAPER IMPREGNATED \VITH ZIRCONIUM 
PHOSPHATE 

Conditions: ascending development in containers cquilibratcd for 24 h at 1s & Ii_ The alkaloids wxe spotted on 
the paper ;15 1% solutions in ethanol (when a salt \~;Is employed. the type is indicated in the table)_ Reagent: the 
papers were dipped into Dm~endortf reagent. Paper: T = Whatman No. 1 paper run as control: 51!:,. lO*‘r,. etc.. 
refer to the degree of impregnation. 

- T 5”., IO”., IS”, W’” 250 I, _W”‘, 

Morphine 0.90 0.56 0.x 0.22 0.10 0.12 0.13 
Xpomorphinc 0.6-l 0.11 0.116 0. IO 0.10 0.0-l 0.03 
Heroin 0.95 033 0.22 0.20 027 0.1 I 0. I5 
Ihpaverine ON 0.27 0.16 0. I3 0.09 0.0-l 0.0s 
Hydrastine O.SS 0.15 0.10 0.06 0.07 0.00 0.1~0 
Quinine O.XS 0.03 0.00 0.110 o_oo ODO 0.110 
Cinchonidinc 0.5) 1 0.1~ 0.00 0.00 0.00 0.00 0.00 
Tropinc 0.90 0.55 O.-IO 0.12 1x 1 Y 0.1s 0.17 
Xtropine 0.91 O.-l1 0 ‘5 0.1 0. I9 0.1s O-16 
Honmropinc 0.9 I O.-&l IA 02-I O.lY O-IS 0.16 
Comine 0.w . . 0.5S 0.3-l 0.3: 0.2”) 026 0.20 
Tropncocaine 

h_\-drochlorid~ O.SY 036 0.27 O_IS 0.16 0.17 0.13 
Hyoscyrxinc 0.90 O.-l7 0.31~ 0.3 0.19 0.25 0.1-l 
Vcmrinc o.s7 0.80 0.6 I 0.65 0.55 O_-lY O.-w 
Protoverxtrinc 0.9-l 0.s’) 1 1) 0.7 1 11) 0.7s 1 I ) 0.6-I 1 1) 0.5s 1 1) 0.60 

17) 0.90 1’) I).‘)1 13 0.9-l 11) 0.75 12) 0.9 
Cinchonine O.YO 0.03 0.110 0.00 0.111) 0.00 O.OO 
Slrzk3linc 

h\-drochloride O.YZ 0.55 O.-l 1 11.21 
Ephrdrinc 0.77 0.63 IX-l7 0.30 
Eserinc 0.‘): O.-l I 0.27 0.13 
tlrgotttn~ine 

I;lrtcLIc 1I.h-l 0.03 0.02 o.co 
Yohimhinc 

hydrcchloridc tk7-l O_-lO 0.16 0.15 
Colchicins 0.s: 0.s: 0.72 0.67 
Hrmninr 0.6’ 1m-l 0.03 0.02 
ii-Erythroidint 

hydrochloride O.YO 0.21 0.16 0.06 
Ca&5ne 0.s-l 0.73 0.6‘) 0.5 1 
Throphylline 0.77 O-7 I 0.70 0.50 
Enxtine 0-Y 0 11.05 O.O? 0.01~ 
Solmint O.SS 02-l (i.bY 0.53 
Arccolinc O.YZ O.-l5 0.16 0.16 
AspidosIxrminr 02% 0.5’) 0.X 0.1-l 
Ditttwlinc OS6 0.X 0.17 0.15 
Brucintr 0.8 1 0.17 0.07 0.05 
Voniicine O-76 0.5’ 0.20 O.lY 
Strvchnine 

-_ 
111trxte o.so 0.13 0.0s 0.0-I 

Jervine 0.76 0.1s 0.1s 0.11 

T 5”,, 

03 1 o.so 
0.36 0.31 
OX6 0.82 
0.7 I 0.60 
0-s I O-67 
o.ss 0.73 
0.90 0.73 
o-92 0-Y I 
OS7 ass 
0.90 o.s7 

O.S1 OX 

us3 0.7s 
03’) 0.w < 
0.7’) OS0 
0.s-l 0.0 I 

U.SY 13.73 

0.5s 0.90 
0.60 0.9 1 
0.5Y 0.93 

0.3 I 0.27 

0.60 0.6’ 
030 0.71 
02s 0.1 I 

O.Y1 03 I 
OS3 0.67 
0.7 i 0.69 
033 0.77 
0-S 1 0.x7 
0.0’ _ 0.9’ 
0.S-t 0.w 
03 0.S-l 
0.65) 0.6s 
0.63 0.65 

[j” 
I, _?O”,, 

0.73 0.5s 
0.30 026 
0.73 0.67 
0.u 0.30 
0.55 0.53 
0.56 0.35 
0.5s 0.3; 
O_SO 0.6-t 
0.7’) 0.59 
o.s3 0.6-I 
0.76 0.65 

0.73 0.6s 
0.s-l 0.66 
0.76 0.70 
O-Y? 0.70 

0.5-l 0.37 

OS 1 O.SO 
OS0 0.77 
0.77 0.5 1 

0.16 o-17 

0.55 0.53 
0.73 0.3s 
0.1’3 0.1 I 

O-75 0.35 
0.64 O.-IS 
0.6 1 0.55 
OS0 0.6-l 
0.70 
036 0.76 
0.75 0.71 
0.71 0.6h 
0.5-l O.-%Y 
0.57 0.53 

0.57 0.13 
0.57 
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eluting acid_ In most instances_ the isomers have the same R, values under the same 
conditions_ lsomeric nitroanilines, howevert can be separated with acetic acid as the 

tnobiie phase_ Atnincs varying in substitution can be separated because of their dif- 
ferent acidities and basicities. The affinity for the stationary phase increases with 

increasing dasicity of the amine_ Certain amines, ho\vever, do not show any decisive 

clkct of their basicity on the chromttographic behaviottr (aminophenols and 
naphthylamines)_ 

The addition ofatcohol to the acidic eluent brotyht about different changes 

in the R, vaiucs of the isotnct-s, but the rest&s were gcnct-ally less satisfactory_ High- 
voltage electrophoresis sometimes enables amines that ditkr only very little in their 
acidity or basicity to be separated’“_ 

2. UREAI CYXKXhllDE DERIVATIVES AND RELATED COhlPOUKDS 

Urea and related compounds contain basic amino groups in the close 
ncighbourhood ofa carbon_vl group. Other br?sic and acidic groups may also be present 

and lxcotne important in determining the ion-eschange selectivities of these com- 
poutytds. 

Cation-eschmye resins in the hydrogen form 11:~~ been most frequently used 
for sepmxtions of urea-type compounds. Guttnidine, biguanide and guanylurea \vere 
chronmtographed on columns packed \vith strongly acidic Amberlite IR-120 using 

hydrochloric acid for elution”J. Anztnelidc. anm~eline and melamine were separated 
on an Atnberlite IR-120 coIurnr~ by stepwise elution \vith0.05,0.5 and 2 ?Vh~drochloric 
acid’55_ Melrtm and melem, deammoniated condensation products ofmeltm~ine. could 

be separated by ion-eschanse chromatography on Amberlite I R- I 12 columns b) 
eltttion Fit11 0.3 and 1 N hydrochloric acid’js Ion-cschmge chrotnatogrrtphy on 

Arnberlite IR-1 12 columns has been used for the separation and determination of 
intermediate products obtained during the production of melamine by heating 
dicytnodiamide. Dicyvnodiatnide. cynomelamine (atnmeline)_ guanidine_ McLean. 

mefaminr:. bigusnide, ~u;invimelamine and niekim \vere successivelu eiured \virh 

O.Ol- I ,\’ hydrochloric acid’~‘. Snwl! aniounts of nielaniine in ticetoguanaminc \\-ere r 
separated on a IS :-: 0-S cm column of Do\ves 5O\V-XS (H’). Aceto~l~anamine NYIS 
elutcd with 300 ml of l-0 II hydrochloric acid and the elution of nwlaniinc with 250 
ml of 2 I ,\I hydrochloric acid follo~ved*5s_ 

Cation-eschange chromatography on a Dowes 5OW column has brcn used for 
the puritication of the antineoplastic agent hesrt~~~eth~lmeltlmit~e in biological fiuids 
prior to quantitative determination_ After preliminary_ purification on ;t Do\ves I (Cl- ) 

anion-eschanse cohtmn. samples were fractionated by cation-eschange chromato- 

c=rrtph\- using stepwise elution with 0.1. 0.5. I. 2.4 and 6 X hydrochloric :tcid’5y. Thr = - 
elution behaviour of some compounds related to urea has been studied on strongly 
acidic cation-eschangz resins Do\ves 50-XS. Amberlite CG- 120 and Amines I I I X-I Z 

(H- and Na+) as wzll as on the anion-cschange resin Atnberlitc CG-400 (Cl-) \vith 
water and hydrochloric acid as the eluenrs- The rcsuIIs for biuret. w-r.-butylurea. 

dicytnodiamide. ethylurea _ gt1anidir.e. methvlurea. nitroguanidine. phcnylttrea. thio- 
urea and urea are presented in Fig. .?I (ref. 160). 

Urea and methylurea showed large retention volumes on the hydrogen form 

of the sulphonic acid resin, lvhile biuret. thiourea and dicyanodiamide elute early, in 
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spite of the fact that the acidity constants di:l‘er only slightly front that of urea. This 
indicates the importance of the non-ionic (molecular) sorption mechanism of these 
compounds. On the other hand _ guanidine. urea and alkylureos have sniall retention 

volu~~~es on the anion-eschtmge resins. The acidic nitro group causes relatively 
stronger sorption ofnitroguanidinc. Fis. II may be helpful for making an appropriarc 

choice of conditions for the sepsralion of urea-type compounds_ 
Elution with but&- solutions has been also applied to the cation-cschangc 

chromatography of urea-t;pe compounds- Biuret in physiological flui& \V;IS sd- 

ficiently separ:tted from other peaks using the procedure for neutral rind acidic amino 
acids on the Beckman amino acid analyzer. using a buKer of pH 1.25 at 33. for the 
elution’“‘. Over 25 monosubstituted guanidines ofkno\vn sn-uczure could be sepm-rtred 

on cation-exchange columns of an amino xid analyzer and the occurrence of several 
as yet unidentified guanidines in the physiological fuids of planis and insects has been 
reve*ded’D’_ L 

Anion-eschange chromatography on Amberlite IRA-410 colunms has been 
used for the separation of cyanamide from cymouret115J. Ammeline. ammelide_ c_van- 

uric acid and cyameluric acid NTI-c separated on Arnherlite 1 R.4-41 1 with 0.05-I CV 
sodium hydroxide solutions as the cluting agents’57_ Anion-eschanse columns of 
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AV-17 (OH-) (100-180 s 8 mm) have been applied to the separation of meiam from 
melamine using water and 2 N potassium hydroside solution for successive elutionsLb3. 
AmmeIine and ammelide couId be determined in melamine on these columns- Mela- 
mine was eluted with water and the other two compounds with 0.1 N sodium chloride 
solution_ The stepwise elution with water and 0.5 N potassiuni hydroxide solution 
from AV-17 cohmms has been used for the separation of dicyanodiamide from 
cyanamide’63_ 

The separation of urea and dicyanodiamide could be effected on a 0-S :-: 7 cm 
column packed with Dowes I-XS usin, 0 0.01 iv hydrochloric acid for the elution at 
30’ (ref- 160)_ 

UV spectrophotometry or calorimetry after reaction \vi:h ninhydrin or Saka- 
guchi reagent h:we been used \i-ith advantage for the anal_vses of column effluent 

fractions and for the continuous monitoring of urea-type compounds in eluates. The 
use of a conrinuotts thermal detector has also been reportedlh”_ 

% AMIDES OF SULPHOStC ACIDS 

Anion-eschanse chromatography has hecn used for the separation of some 
mixtures containing amides of suiphuric acid and sulphonic acids. Suiphamide and 
its detlmmonation condensation products_ imidodisulphuric diamidc (imidodisul- 
phamide) and trisulphimide. \vcre septtrared quantimtivcly on :I 10 I.0 an column 
packed with Dowes I-XS (Cl-)_ 100-200 mesh. The ciution ofsulphamide was carried 
out with pure water: 0.2 iI.2 potassium chloride solution \vas then used to rcmovc 
imidodisulphamide and. finally. trisulphimidc was clutcd with 0.50 .\I potassium 
chloride solufion’h’t. This procedure may he expected to be uscfut also for rhe separa- 
tion of other_ more condensed. sulph>mi&s_ 

Mixtures of sulphanilamide and N-~tccl~!~~!ir~;~..:.it:tmi~ie zauid he separated 
on a coIumn of Dowes I (Cl-), 100-200 mesh. iji_r:ilc*4 -.%;ttrr \\ith the pH acfjussted 
to 5.6 was used for the elution_ The recovery was about 9S_7 I’.,_ This method has been 
apphed to analyses of biological ftuids after the prelimitwry removal of proteins1”5_ 

Certain sulphonamide mixtures \verc separated by means of paper impregnated 
with cation exchangers of the phenoisulphonic type. Sulphanilamidc and prontosil 
could be separated usins a misture of acetone and water (3 :2) in the prcstnce of 
ammonia as the mobile phasr. Separations of other sulphonamidcs (sulphanilurex 
sulphaniIace&ide_ sulphanilguanidine_ sulph~~nil~lcet~lmil~c and slllph~tnilamido- 
thiazole) on cation-exchange paper are ako feasiblP”_ 

-c_ KITRO COMPOUNDS 

Aromatic and aliphatic nitro compounds (except those \vhich contain other 
highly polar groups. such as carbosylic. p’henolic or amino groups) do not show any 
tendency to ionize in aqueous solutions_ For this reason. the ion-exchange 
mechanism cannot be uGlized for chromatogaphic separation of these compounds_ 
However. successful separations of various nitro compounds could be achieved by 
using sflling-out chromatogaphv on ion-exchange columns- 

Kemula and BrzozowskP” reported the separation of some mistures of nitro- 
alkanes, nitro alcohols and isomeric mononitrobenzoic acids on the strongly acidic 
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cation eschansers Dowcs 50 and Wofatit KPS-200 usins ammonium salts for elution. 
The concentration of nitro compounds in the eluate was continuously measured with 
a polarogrttphic flow-throtyh detector usin 9 a dropping mercury electrode (chromato- 
polarogrsphic method)_ A constant potential (- 1.0 V) corresponding to the diffusion 
current of nitro compounds was applied on the dropping electrode and the corre- 
sponding current was continuously recorded’h7. 

The detection of polarographicttlly inert conipounds is also possible, if these 
compounds are surface-active. by measuring continuously the suppression of polaro- 
graphic masinxt or by usint ;I- the formtttion of polaro~_rtlphicaIl_v-~iplii~ill~ active complexes 
with copper’hs_ The use of xc. pnlarogaphy for this purpose has aiso been sug- 
gestedzhg. 

It was established that the mture of the anion of the anunoniun~ salt used for 
the elution infiuences to CL large extent the retention volume of the compound eluted_ 
The salting-out coetficient nmy even change to negative values (c.~_. 2-nitropropane, 
if the thiocyanttte anion is used)_ Ammonium sulphate yielded the highest salting- 
out cncilicients of all the salts tested, and was therefore used 9s the eluent_ 

An elevated tenipmtture \\‘;ts applied in order to desorb those compounds 
strongly retained on the colunm. It has been found that the distribution coefficient 
decrcascs with increasing temperature and its logarithm is a linear function of ten+ 
psrature. 

Fi+ 22 gives an illustration of the separation of four aliphatic nitro aicohols 
on a 370 :-; 7 nnn column packed with Wofittit KPS-200 (NH,‘)_ <O_Ch IIIIII. The 
elution \vas carried out kvith 1.0 dl mnmoniun~ sulphate solution at mnhient tempera- 
ture. The complete separation of five nitroalkanes could be ettircted on :t 1 15 1-1 7 1nn1 
colunm of Do\ves 50 by elution of the tirst three compounds with 1 .O J1 tumnoniuu~ 
sulphate solution at 25’, followed by, in order to accelerate the operation_ elution of 
the last t\vo compounds with O-5 AZ anlrnoniunl sulphrtte solution at 7 I.‘_ This separa- 
tion is shown in Fig_ X3_ The complete seprtrtttion of the three isomeric nitrobenzoic 
acids was possible usin g a 210 x 7 nun column of Do1ve.x 50. The o-nitrobenzoic acid 
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Fin =_ 23. Sroamtion of five nitroalkanrx by salting-out chromatography. (1) Nitmmethnne; (2) 1- 
nitropropane: (3) I.5dinitropropane: (4) I-nitrobutanrr (5) I-nitropentane. Ion exchanger: Dower 
50 (NH,+). -zz O-06 mm. Column dimensions: 115 :-. 7 mm. Mobile phase: I, 1.0 :\I amnoniutn 
sulphrtte solurion; II. 0.5 32 ammonium suIphare soIution_ FIo\\:ratc: 7.5 ruI,h_ Tcn~pemrure: I. 
15;: 11. 71’. Detector: poktrographic. c = diffilsion current fyrA)r I’ :; volume of eluate (niI)_ 

was &ted with 0-I IV ammonium sulphate in 0.019 Al hydrochloric acid at ambient 
temperature_ At this temperature_ holyever_ the remaining t\vo acids \vere strongly 
sorbed and their elution curves were very broad and overlapped- A clear-cut sepnra- 

tion couid be achieved by eIutingP-nitrobenzoicacid at 56 and_ tinall~_fIl-r?itrclbenzoic 
acid at SZ’ (ref. 167). 

Nitrobenzene could be separated from fi-nnphthol on a column of Do\\-es 50- 
Xv by elution \vith aqueous ethanol (C’LL 301?;,Yio_ 

An interesting possibility for the complete chl-omatographic separation of the 
isomeric o-_ III- -and p-nitroethyibenzenes in mixtures has been reportedL”_ CoIumns 

packed with a Ni(;/-picoline),(CNS), type clsthr~te as the stationary phase 

\verc used and the mobile phase contained 2 M ammonium rhodanide. 0.3 M ;*- 

picoline and 40-60 vol.-~.>;; of o _ rzanic solvent. The clathrates of the type used are 

highly selective in caging aromatic compounds_ This selectivity is based on the shape 
rather than on the volume of the caged molecules and particularly eificient resolution 
of isomers is possible by chromatography on these sorbents- Clathrates. of course. 
are not ion eschansers and the sorption mechanism can be considered as a special 
case of @and eschanse. However. the potential practical attraction of these unusual 
sorbents for difficult separations of isomeric compounds rather than material or 
sorption mechanism considerations made us feel that it was appropriate to mention 

this method here. 

6_ SUtMMARY 

_ The review presents a systematic survey of ion-exchange methods for the anal- 
ysis of nitrogen-containing compounds. The main interest is in cation-eschanse 

separations of amines, nitrogen-containin g bases and related compounds by elution 
with solutions of acids_ buffers and salts and aqueous organic solvents and in high- 
speed chromatogrztphy of these compounds on peliicular and. controlled surface 

porosity ion exchangers. Anion-exchange, ligand-exchange, and ion-eschanse paper 
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and thin-layer chromatogr:~phy are also dealt with. Cation- and anion-eschange 
chromatography of urea type compounds and saltiq-out chromatog-aphy of nitro 
compounds and amides of sulphonic acids are included_ The review pays particularly 
attention to papers published in 1962-1970. -. 
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