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HPTLC SEPARATION OF HOMOLOGOUS 
AND ISOME R IC POLY (ETHY LEN EAM I N E)S 

J .  E. Premecz and M. E. Ford 
Chemicals Group, Industrial Chemicals Department 

Air Products and Chemicals 
P. 0. Box 538 

Allentown, Pennsylvania 181 05 

ABSTRACT 

A simple. reliable HPTLC method has been developed for 
analysls of poly(ethyleneam1ne)s (PEAs). Ethylenedlamine and 
all dimeric, trlmeric, and tetrameric PEAs are separated without 
prior derlvatlzation. Treatment wlth fluorescarnine and 
vlsuallzatlon under ultraviolet light detects each PEA in 
quantltles as low as 100 ng. 

INTRODUCTION 

Poly(ethyleneam1ne)s (PEAs) are versatile chemical 
Intermediates wlth lndustrlal appllcations in lubricants, 
corrosion inhibitors, sizlng and wet strength agents, epoxy 
curing agents, funglcides, and surfactants. A s  a result, PEAS 
have been the subject of extensive analytical research. While 
indlvldual PEAS have been detected by titration (1-3), 
electrochemical ( 4 , 5 ) ,  and optical (6-8) technlques, the most 
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3516 PREMECZ AND FORD 

accurate qualitative and quantitative results have been obtained 
by chromatography. Gas chromatography (9-14). liquid 
chromatography (15), electrophoresis (16). paper chromatography 
(17-20), and conventional thin layer chromatography (TLC) 
(21-27) have been successfully used for separation o f  a few 
selected PEAs. Great difficulty, however, has been encountered 
In analysis of complex mixtures of either free or derivatjzed 
PEAs with a single technique. 

been examined by conventional TLC, mixtures of homologous PEAS 
have not been completely separated, and mixtures of isomeric 
PEAs such as triethylenetetramine (TETA) and 
tetraethylenepentarnine (TEPA) have not been resolved (21-27). 
In addition to incomplete resolution, the qualitative methods 
developed for conventional, linear TLC of PEAS are typically 
limited by severe component tailing, lengthy development times, 
use of noxious or expensive solvents, and low sensitivity. In 
this report, we describe a simple, rapid high performance thin 
layer chromatographic (HPTLC) method for complete separation of 
the homologous monomeric through tetrameric PEAs, and of all the 
Isomeric TETAs and TEPAs. In addition, the sensitivlty of this 
new method is good. Visualization with fluorescamine permits 
routine detection o f  individual components at the 100 ng level. 

Although individual compounds such as ethylenediamine have 

EXPERIMENTAL 

C hemi c a 1 s 

All solvents for sample preparation were obtained from 
Burdick and Jackson (Muskegon, MI, USA) in chromatographic 
grade. Reagent grade ethylenediamlne (EDA), dlethylenetriamine 
(DETA), plperazine (PIP), N-aminoethylpiperazlne (AEP), TETA and 
TEPA were obtained from Aldrich Chemical Co. (Milwaukee, W I ,  

USA). Certified ACS grade absolute methanol was supplied by VWR 
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SEPARATION OF POLY(ETHYLENEAM1NE)S 3511 

S c i e n t i f i c  (Ph-iladelphia, PA, USA); 28% aqueous ACS c e r t l f i e d  

ammonia was purchased f rom F ishe r  S c l e n t i f l c  ( S p r i n g f i e l d ,  N J ,  
USA). Fluorescamlne was ob ta ined  as  a 0.2 we lgh t  pe rcen t  

s o l u t i o n  i n  acetone f rom Supelco ( B e l l e f o n t e ,  PA, USA);  t a u r i n e  

and ACS c e r t l f i e d  po tass ium d lhydrogen phosphate and sodtum 

hyd rox ide  p e l l e t s  were ob ta ined f rom F ishe r  S c l e n t l f i c .  A l l  o f  

t h e  above chemica ls  were used as rece lved  w i t h o u t  f u r t h e r  

p u r l  f I c a t l o n .  

Chrornatoqraphy Supp l ies  

TLC separa t i ons  were performed on s i l i c a  g e l  HETLC-GHL 10 x 

10  cm U n l p l a t e s  150 microns t h i c k  w l t h  l n o r g a n l c  b l n d e r  and no 

f l u o r e s c e n t  I n d i c a t o r  supp l i ed  by Ana l tech  (Newark, D E ,  USA). 

Standard s o l u t i o n s  o f  PEAs were a p p l l e d  t o  t h e  p l a t e s  w i t h  

d i sposab le  0.5, 1.0, and 2.0 p1 m i c r o c a p i l l a r i e s  f rom Drummond 

S c i e n t i f l c  (Broomal l ,  PA, USA). V i s u a l i z a t i o n  agents were 

a p p l i e d  w i t h  t h e  Camag Un ispray  Devlce supp l i ed  by App l i ed  

A n a l y t i c a l  I n d u s t r i e s  (Wl lming ton ,  NC, USA). V i s u a l i z a t i o n  was 

accompl ished w i t h  t h e  UVS-12 M i n e r a l i g h t  ob ta lned f r o m  

U l t r a - V l o l e t  Produc ts  (San Gabr ie l ,  CA,  USA). 

Methods 

Standard s o l u t i o n s  (1% V/V) o f  f l u i d  PEAs were prepared I n  

a c e t o n i t r i l e  and were d i l u t e d  w i t h  t h e  same so lven t  t o  0 .5  

volume X ,  0.1 volume %, 0.05 volume %, and 0.01 volume % f o r  

a n a l y s i s .  For t h e  s o l i d  P I P ,  a 1% W / V  s tandard  s o l u t l o n  was 

prepared, w i t h  d l l u t l o n s  t o  0.5%, 0.1%. 0.05%, and 0.01%. More 

concen t ra ted  s o l u t i o n s  of DETA ( 6  wt%) I n  water ,  methanol, 

a c e t o n i t r i l e ,  and ch lo ro fo rm were prepared f o r  e v a l u a t i o n  o f  t h e  

i n f l u e n c e  o f  s o l v e n t  on sample s p o t  s i z e .  

by h e a t l n g  a t  70"-80"C f o r  30 min w i t h  subsequent c o o l l n g  t o  

room tempera ture  f o r  10-30 min ( 2 8 ) .  

P r i o r  t o  use, Ana l tech  HETLC-GHL U n i p l a t e s  were a c t i v a t e d  
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3578 PREMECZ AND FORD 

S o l u t i o n s  o f  PEAs were a p p l i e d  t o  t h e  a c t l v a t e d  p l a t e s  w i th  

t h e  Camag Nanomat. Volumes o f  0.5 t o  2.0 111 were a p p l i e d  

i n c r e m e n t a l l y  w i t h  t h e  Nanomat i n  t h e  au tomat ic  r e p e t i t i o n  

mode. Spots o f  decreas ing  c o n c e n t r a t i o n  were a p p l i e d  a t  30" 

i n t e r v a l s  i n  a c i r c l e  10 mm from t h e  cen te r  o f  t h e  p l a t e .  The 

amount o f  each polyamine depos i ted  ranged f rom 100 t o  20,000 ng; 

t y p i c a l  q u a n t i t i e s  were 100 ng, 200 ng, 500 ng, and i n t e g r a l  

m u l t i p l e s  o f  t hese  amounts. Two amounts (10,000 ng and 1.000 

ng) were d u p l i c a t e d  t o  check f o r  r e p r o d u c i b i l i t y ,  and two t r a c k s  

(150" and 330") were b lank  t o  p r o v i d e  re fe rence  base l i nes  i n  

scanning. A f t e r  s p o t t i n g .  p l a t e s  were a i r  d r i e d  f o r  one h r  a t  

room tempera ture  p r i o r  t o  development. 

Cqrcu la r  chromatography was performed w i t h  t h e  Caniag 

U-Chamber a t  25"  1°C. Chromatograms were developed w i t h  

750-800 p1 o f  e l u a n t  t o  a d i s t a n c e  o f  approx imate ly  3 cm f rom 

t h e  cen te r  o f  t h e  p l a t e .  A f t e r  development, t h e  p l a t e s  were a i r  

d r i e d  a t  room tempera ture  f o r  24 h r s .  

f luorescamine s o l u t i o n  on the  p l a t e s  w i t h  t h e  Camag Un ispray  

dev ice .  A p p l i c a t i o n  was c a r r i e d  o u t  f rom a d i s t a n c e  o f  30-40 cm 

acco rd ing  t o  D .  W a l d i ' s  des ign  f o r  u n i f o r m  sp ray ing  ( 2 9 ) .  Wi th  

a i r  d r y i n g  a t  room temperature,  a l l  t h e  PEAS except P I P  formed 

f l u o r e s c e n t  d e r i v a t i v e s  i n  3-5 min.  P I P ,  t h e  o n l y  PEA w i th  o n l y  

secondary amine f u n c t i o n a l i t y ,  r e q u i r e d  a p p l i c a t i o n  o f  a second 

reagent  f o r  conve rs ion  t o  a f l u o r e s c e n t  d e r i v a t i v e .  T h i s  

reagent  c o n s i s t s  o f  0.1 fi t a u r i n e  i n  0.1 1 sodium phosphate (pH 

7.5) ( 3 0 ) .  A f t e r  sp ray ing  w i t h  t h e  b u f f e r e d  t a u r i n e  s o l u t i o n  

and f luorescamine,  h e a t i n g  a t  60°C f o r  5 min i n i t i a t e d  

f l u o r e s c e n t  development of PIP (30) .  PEA components and t h e  

s o l v e n t  f r o n t  were l o c a t e d  w i t h  a hand-held shortwave UV l i g h t .  

For c a l c u l a t l o n  o f  hRf values, d i s tances  were measured t o  t h e  

cen te r  o f  t h e  l owes t  v i s i b l e  c o n c e n t r a t i o n  f o r  a g i ven  

component, s i n c e  t h i s  produced t h e  m o s t  c l e a r l y  d e f i n e d  zone. 

V i s u a l i z a t i o n  o f  PEAs was e f f e c t e d  by sp ray lng  
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SEPARATION OF POLY(ETHYLENEAM1NE)S 3519 

RESULTS AND DISCUSSION 

Solvent Selection for Spottlnq HPTLC Plates 

Minimum spot size in sample application requires a solvent 
that Is volatile and as nonpolar as possible. Based on PEA 
solubilities and the eluotropic series for silica gel (31), 
chloroform, water, acetonitrile, and methanol were selected for 
evaluation. To determine a representative spot size, 1 p1 of 
a solution of DETA ( 6  wt%) in each solvent was applied to an 
HETLC plate. The following order of sizes (solvent; average 
diameter of five spots in mm) was found: acetonitrile (3.0); 
chloroform (3.1); methanol (3.5); water ( 4 . 2 ) .  Since 
acetonitrile provided the smallest spots, it was used for sample 
preparation. 

Selection o f  Eluant 

The mobile phase is a modification of a multicomponent 
solvent system that was initially developed for separation o f  

simple aliphatic amines (26). In the original work, relatively 
nonpolar mixtures of chloroform, methanol, and 17% aqueous 
ammonia were used. Attempted separations o f  PEAs with these 
eluants were characterized by low component mobilities (hR < 

50), and the inability to resolve TETA and TEPA isomers. 
To obtain higher component mobilities, more polar eluant 

systems containing a higher concentration of ammonia were 
investigated In this study. Specifically, PEA mixtures were 
separated with varying proportions o f  methanol and 28% aqueous 
ammonia. Results are summarized in Table 1. At high 
concentrations of ammonla, PEAs are poorly adsorbed by the 
slllca gel. Consequently, they migrate at or near the solvent 
front (hRf close to 100). and resolution is lost. At moderate 
concentrations of  ammonia, PEAs are adsorbed on the silica gel, 
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TABLE I 

PREMECZ AND FORD 

PEA Rigration I n  Methanol :Aqueous Amnonia Eluants 

Pol yami ne 

a b 
hRf Values i n  Methanol:28% Aqueous Amnonia 
0:lOO 10:90 25:75 50:50 75:25 

Ethyl enediamine 71 70 66 60 38 

Pi perazi ne 100 65 65 57 26 

O i  ethyl enetr i  mi ne 68 68 6 i  52 36 

N-(2-mi noethyl ) piperazi ne 82 78 74 63 28 

T r i  s (2-ami noethyl )mi ne 41 34 24 11 21 

Triethylenetetrami ne 71 67 61 46 34 

Bi s[N ,N'-(2-mi noethyl ) ]pi perazi ne 100 100 72 63 45 

N-[ 1-(piperazino)ethyl]- 100 100 84 12 56 
ethylenediamine 

N' -(2-mi noethyl ) -tri s- 52 44 31 16 24 
(Z-ami noethyl ) m i n e  

Tetraethylenepentami ne 70 66 56 39 30 

N'*-(2-aminoethyl )-bis[N,N'- 100 100 81 67 42 
(2-minoethyl) 1-piperazine 

N-(Z-ami noethyl ) 4' -[ 1- 100 100 100 79 48 
(pi perazi no) ethyl ]-ethyl enedi mi ne 

a hRf = distance o f  compound from or ig in  x 100 
distance of solvent f ront  fran o r i g i n  

28!& aqueous m n i a  used; ra t ios re fer  t o  quanti t ies (V/V) of methanol and 
aqueous amnonia. respectively. 
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SEPARATION OF POLY(ETHYLENEAM1NE)S 3581 

and r e s o l u t i o n  improves. However, a t  low concen t ra t l ons  o f  

ammonia ( l e s s  t h a n  75:25 V / V  methanol:28% ammonia), PEAs a re  

ve ry  s t r o n g l y  adsorbed and remain near t h e  o r i g i n .  An 

accep tab le  ba lance  o f  component m o b i l i t y  and r e s o l u t i o n  was 

found by development w l t h  a 75:25 V / V  m i x t u r e  o f  methanol:28% 
aqueous ammonia. 

V i sua l1  z a t l o n  

Owing t o  t h e  h l g h  s e n s i t i v i t y  o f  f l uo rescence  measurements 

(32), PEAS were v i s u a l i z e d  by t rea tmen t  w i t h  f luorescamine 

(30,33). V i s u a l i z a t i o n  o f  p i p e r a z i n e ,  a PEA w i t h  o n l y  secondary 

amine f u n c t i o n a l i t y ,  r e q u i r e d  a p p l l c a t i o n  o f  0.1 M_ t a u r i n e  i n  

0.1 sodium phosphate b u f f e r  (pH 7.5) (30)  p r i o r  t o  t rea tmen t  

w i t h  f l uo rescamjne .  Under s h o r t  wave length  u l t r a v i o l e t  l i g h t ,  

PEAS a r e  r e v e a l e d  as ye l low-green spots  (emiss lon  maximum 

centered  a t  475 nm) a g a i n s t  a deep p u r p l e  background. S e r i a l  

d i l u t i o n s  o f  each PEA showed t h a t  a l l  components a r e  de tec ted  

w i t h  h l g h  s e n s i t i v i t y  ( 5  100 n g ) .  

Separa t i on  o f  PEAs 

Separa t i on  o f  PEAS was 'eva lua ted  by c a l c u l a t i o n  of  hRf 

values f o r  each component and isomer.  Reso lu t i on  o f  EDA, and 

d lmer l c ,  t r i m e r i c ,  and t e t r a m e r i c  PEAS i s  summarjzed i n  

Tab le  I. In t h e  100 t o  10,000 ng range, v i s u a l i z e d  zones f o r  

I n d i v i d u a l  components and isomers were symmetr ical  and compact 

i n  t h e  l ow  t o  mtdd le  hRf reg ion .  W i th  these load lngs ,  a l l  

PEAs,  i n c l u d i n g  TETA and TEPA isomers,  were r e p r o d u c i b l y  ( a t  

l e a s t  f i v e  r e p l i c a t i o n s )  separated by a AhRf of a t  l e a s t  5 

2, t h e  c r i t e r i o n  f o r  s a t l s f a c t o r y  s e p a r a t i o n  o f  compounds by 

paper o r  t h i n - l a y e r  chromatography (34 ) .  

The smal l  sample s l z e  (0 .5  - 1 .0  p l )  r e q u i r e d  by t h i s  

method, t n  c o n j u n c t i o n  w i t h  use o f  c i r c u l a r  TLC, p e r m i t s  r a p i d  
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3582 PREMECZ AND FORD 

(15-20 min) analysis of a large number of samples (up to 24 per 
plate). Visuallzatlon is readily performed, and is complete In 
at most 5 min. Key to the success of this method Is the use of 
HPTLC plates. Owing to thelr uniform particle size, dense 
sillca packlng, and homogeneous plate surface, HPTLC plates 
reduce band broadening, which leads to better resolutlon and 
higher detection sensitlvity. 
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