
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Determination of Cyclohexylamine in Water by Solid Phase Extraction
and Quantitative High Performance Thin Layer Chromatography
Joseph Shermaa; Linda Dallastaa

a Department of Chemistry, Lafayette College, Easton, Pennsylvania

To cite this Article Sherma, Joseph and Dallasta, Linda(1986) 'Determination of Cyclohexylamine in Water by Solid Phase
Extraction and Quantitative High Performance Thin Layer Chromatography', Journal of Liquid Chromatography &
Related Technologies, 9: 16, 3439 — 3446
To link to this Article: DOI: 10.1080/01483918608077794
URL: http://dx.doi.org/10.1080/01483918608077794

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918608077794
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, 9(16), 3439-3446 (1986) 

DETERMINATION OF CYCLOH EXY LAM IN E 
IN WATER BY SOLID PHASE EXTRACTION 

AND QUANTITATIVE HIGH PERFORMANCE 
THIN LAYER CHROMATOGRAPHY 

Joseph Sherma and Linda Dallasta 
Department o f  Chemistry 

Lafayette College 
Easton, Pennsylvania 18042 

ABSTRACT 

Cyclohexylamine (CHA) was i s o l a t e d  from water  by s o l i d  phase 
e x t r a c t i o n  on a C microcolumn. The CHA i n  t h e  column e l u a t e  
was chromatographk! on a high performance preadsorbent  s i l i c a  g e l  
l a y e r ,  d e t e c t e d  w i t h  n inhydr in  reagent  and exposure t o  W l i g h t ,  
and q u a n t i f i e d  by r e f l e c t a n c e  scanning.  Recovery from f o r t i f i e d  
d i s t i l l e d  water  samples a t  10 ppm averaged 95.0% and a t  1 ppm 
averaged 94.9%. Q u a n t i t a t i v e  r e c o v e r i e s  from t a p  water  a t  10 ppm 
and from l a k e  water  a t  1 ppm were a l s o  demonstrated.  Other b o i l e r  
water  a d d i t i v e s  permi t ted  by FDA do not i n t e r f e r e .  

INTRODUCTION 

Cyclohexylamine (CHA) i s  permi t ted  f o r  use a s  a cor ros ion-  

i n h i b i t i n g  b o i l e r  water  a d d i t i v e  i n  the  p r e p a r a t i o n  of steam t h a t  

w i l l  come i n  c o n t a c t  wi th  food (code of Federal  Regulat ions f o r  

3439 

Copyright 0 1986 by Marcel Dekker, Inc. 0148-3919/86/09 16-3439$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3440 SHERMA AND DALLASTA 

Food and Drugs, 21:173.310). The concentration in steam is limited 

to 10 ppm. The Food Additives Analytical Manual (1) describes a 

gas chromatography method for determination of CHA as an impurity 

in foods and artificial sweetners, but no method is included for 

CHA in condensed steam. 

tives Analytical Manual (1973) states that "there is no analytical 

method for determining cyclohexylamine in steam at present . I '  The 

ASTM standard method (D2909-74) for CHA in water is a nonspecific 

colorimetric procedure based on diazotization of p-nitroaniline. 

The previous edition of the FDA Food Addi- 

Other procedures that have been reported for the determination 

of CHA in water include the following: direct titration for meas- 

urement of total alkalinity, which is also nonspecific for CHA ( 2 ) ;  

flame ionization detector gas chromatography with direct aqueous 

injection ( 3 ) ;  flame thermionic detector GC after isolation of CHA 

by distillation and extraction and acetylation (4); and ion 

chromatography ( H F L C )  ( 5 ) .  

CHA and other primary amine standards were separated by thin 

layer chromatography ("LC) and measured by in situ fluorometric 

scanning after derivatization to salicylaldehydeazomethine- 

diphenylboron chelates, but no real samples were analyzed ( 6 ) .  The 

following quantitative TLC method does not require prior derivatiza- 

tion of CHA and is applicable to its determination in condensed 

steam after concentration on a C18 microcolumn. Adequate recoveries 

from spiked water were demonstrated at the tolerance level (10 ppm) 

and also at 1 ppm. Other FDA-permitted boiler water additives were 

shown not to interfere with the analysis. 
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EXPERIMENTAL 
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M a t e r i a l s  and Solu t ions  

Cyclohexylamine was purchased from Aldrich (No. 24,064-8, Gold 

Label q u a l i t y ) .  A s t o c k  s p i k i n g  s o l u t i o n  was prepared i n  d i s t i l l e d  

water  a t  a c o n c e n t r a t i o n  l e v e l  of 10.0 mg/ml. D i l u t i o n s  wi th  

a b s o l u t e  e thanol  were made t o  g ive  t h e  s t a n d a r d s  c o n t a i n i n g  100 and 

500 ng/p l .  

Procedure f o r  TLC 

Q u a n t i t a t i v e  TLC analyses  were c a r r i e d  out  on Whatman laned 

preadsorbent  high performance s i l i c a  g e l  p l a t e s  us ing  procedures  

f o r  i n i t i a l  zone a p p l i c a t i o n ,  development, and d a t a  handl ing  t h a t  

were d e s c r i b e d  e a r l i e r  ( 7 ) .  For d e t e c t i o n  of CHA, t h e  developed 

chromatogram was i r r a d i a t e d  f o r  6 minutes  wi th  a longwave (366 nm) 

u l t r a v i o l e t  l i g h t  source ,  a f t e r  spraying  wi th  n inhydr in  and oven 

dry ing  a s  descr ibed  previous ly  ( 7 ) .  The p l a t e  was p o s i t i o n e d  2-3 

inches below t h e  UV tube i n s i d e  of a dark box. The d e t e c t e d  zones 

were scanned immediately with a Kontes Model 800 d e n s i t m e t e r  i n  

t h e  s i n g l e  beam, r e f l e c t a n c e  mode us ing  the  whi te  phosphor d i s k  

( 7 ) .  

Procedure f o r  Sample P r e p a r a t i o n  and Analysis  

F o r t i f i e d  samples were prepared by d i s s o l v i n g  100 p1 of t h e  

10.0 mg/ml s t a n d a r d  (measured with a Hamilton GC s y r i n g e )  i n  100 m l  

o r  1000 m l  of w a t e r .  The r e s u l t i n g  s o l u t i o n s  were 10.0 and 1.00 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3442 SHERMA AND DALLASTA 

Acetone was added t o  t h e  v i a l  t o  a d j u s t  t h e  volume t o  e x a c t l y  4 m l .  

T r i p l i c a t e  4.00 p1 a l i q u o t s  of sample were a p p l i e d  t o  s e p a r a t e  

l a n e s  of a p l a t e  a l o n g s i d e  of t r i p l i c a t e  a l i q u o t s  of s t a n d a r d  con- 

t a i n i n g  t h e  t h e o r e t i c a l  weight of CHA f o r  100% recovery (1000 ng; 

2.00 pl of t h e  500 n g / p l  s t a n d a r d ) ,  us ing  a 10 p1 Drummond micro- 

d i s p e n s e r .  

of t h e  sample and s t a n d a r d  scans .  

Recovery was c a l c u l a t e d  by comparing t h e  average a r e a s  

RESULTS AND DISCUSSION 

A f t e r  development wi th  butanol -ace t ic  a c i d - w a t e r  ( 3 : l : I )  mobile  

phase,  s p r a y i n g  wi th  n inhydr in ,  and exposure t o  longwave u l t r a v i o l e t  

(UV) l i g h t ,  CHA appeared a s  a dark pink f l a t ,  oval-shaped zone wi th  

an F$ value  of 0.62. 

e n t i r e  width of  t h e  l a y e r  a t  % 0.59 (probably due t o  s o l v e n t  

demixing) ,  but t h i s  d i d  not  i n t e r f e r e  wi th  scanning of t h e  CHA 

zones. Exposure t o  UV l i g h t  was necessary  t o  i n t e n s i f y  t h e  c o l o r  

of t h e  CHA zones ,  which were very  f a i n t  pink a f t e r  a p p l i c a t i o n  of 

n inhydr in  and h e a t i n g .  Upon exposure t o  t h e  atmosphere,  t h e  CHA 

zones faded t o  a l i g h t  r o s e  c o l o r  and t h e  l a y e r  background became 

l i g h t  pink-purple. Therefore ,  p l a t e s  were scanned immediately 

a f t e r  exposure t o  W l i g h t .  The t i m e  r e q u i r e d  f o r  mobile  phase 

development was 50 minutes .  

A golden yellow band a l s o  formed a c r o s s  t h e  

L i n e a r i t y  of a b s o r p t i o n  with c o n c e n t r a t i o n  was e s t a b l i s h e d  by 

s p o t t i n g  300 t o  3000 ng s t a n d a r d s  of CHA. 

t i o n  c o e f f i c i e n t  (R) was 0.98 when peak a r e a  was p l o t t e d  a g a i n s t  

The l i n e a r i t y  c o r r e l a -  
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CYCLOHEXYLAMINE IN WATER 3443 

ng/zone ( F i g u r e  1). Figure  2 i l l u s t r a t e s  t y p i c a l  scans  of  t r i p -  

l i c a t e  1000 ng s t a n d a r d s  and four  m i c r o l i t e r  a l i q u o t s  of column 

e l u a t e .  Samples and s t a n d a r d s  r e p r e s e n t i n g  100% recovery were 

always chromatographed i n  p a r a l l e l  on the  same l a y e r  i n  order  t o  

c o r r e c t  f o r  any minor v a r i a t i o n s  i n  parameters  such as 

d e t e c t i o n  i n t e n s i t y ,  and time of scanning.  

RF’ 

Q u a n t i t a t i v e  s o r p t i o n  of CliA from aqueous s o l u t i o n  by t h e  

C18 column was found t o  occur  only when t h e  compound was i n  i t s  

f u l l y  unionized form. To achieve  t h i s ,  t h e  sample was a d j u s t e d  t o  

pH 12.5, two u n i t s  above the  10.56 pKa of CHA. Passage of 1000 m l  

of water  through t h e  column r e q u i r e d  approximately 22 minutes ,  and 

100 m l  samples r e q u i r e d  p r o p o r t i o n a t e l y  l e s s  t ime.  

Recoveries  of CHA from s i x  s e p a r a t e  100 ml d i s t i l l e d  water  

samples f o r t i f i e d  a t  the  FDA-permitted c o n c e n t r a t i o n  l e v e l  10.0 ppm 

ranged from 88.7 t o  101% wi th  a mean of 95.0%. The r e p r o d u c i b i l i t y  

(CV) of t h e  t r i p l i c a t e  samples i n  each a n a l y s i s  averaged 7% with a 

range of 4 t o  10%. To t es t  t h e  method a t  a lower c o n c e n t r a t i o n ,  

t h r e e  1000 ml water  samples f o r t i f i e d  a t  1.00 ppm were ana lyzed .  

Average r e c o v e r i e s  were 89.3, 96.1, and 99.4%, and p r e c i s i o n  was 

3.0% (CV). A 100 m l  sample of Easton,  PA t a p  water  was f o r t i f i e d  

at 10.0 ppm and gave a 97.5% recovery.  A blank t a p  water sample 

y i e l d e d  no zone a t  t h e  RF of CHA, nor were any o t h e r  zones 

ev ident  on t h e  blank or  sample chromatograms. Duplicate  1000 ml 

n a t u r a l  ( l a k e )  water  samples f o r t i f i e d  a t  1.00 ppm gave r e c o v e r i e s  

of 98.8 and 100.6%. Addi t iona l  purple-pink zones were d e t e c t e d  

near  t h e  o r i g i n  and above t h e  CHA, but n e i t h e r  of t h e s e  i n t e r f e r e d  
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3444 SHERMA AND DALLASTA 

Figure 1. Typical scans of 300-3000 ng of CHA applied by spotting 
3 to 6 p1 of a 100 ng/pl standard and 2 to 6 p1 of a 500 ng/pl 
standard. The attenuation setting on the HP 33908 
integrator/recorder was X6. 

Figure 2 .  Scans of triplicate 1000 ng CHA zones ( 2  pl of a 500 
ng/pl standard (A, By C) and triplicate 4 p1 aliquots of the C 
column eluate from a 10.0 ppm fortified Water sample (D, E, F), 
representing 9 5 . 3 %  recovery. 

18 

with its measurement by scanning. Both of these extra zones were 

also present in a blank lake water analysis, but no zone was found 

with the ?$ of CHA. 

The recoveries of the other five FDA-permitted boiler water 

additives on the C column were not tested, but even if they 

were present in samples and co-extracted, they would not interfere 

in the CHA determination. Trisodium nitrilotriacetic acid and 

18 

diethylaminoethanol are not detected by ninhydrin, and octadecyl- 
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amine, h y d r a z i n e ,  and morphol ine m i g r a t e  w i t h  h i g h e r  5 v a l u e s  

and a r e  s e p a r a t e d  from CHA. 

S e v e r a l  p r e l i m i n a r y  experiments  i n d i c a t e d  t h a t  CHA cou ld  a l s o  

be r ecove red  from aqueous s o l u t i o n s  w i t h  n e u t r a l  o r  a c i d i c  pH by 

use  of a s t r o n g  a c i d  c a t i o n  exchange SPE column fol lowed by e l u t i o n  

w i t h  methanol c o n t a i n i n g  base .  This  approach was n o t  s e r i o u s l y  

pursued bu t  might prove advantageous €or c e r t a i n  impure samples 

c o n t a i n i n g  u n i o n i z e d  compounds t h a t  would c o - e x t r a c t  w i t h  CHA on 

C18 columns and i n t e r f e r e  d u r i n g  TLC a n a l y s i s .  

s i l i c a  g e l  SPE columns a r e  a l s o  a v a i l a b l e  from Baker and may be 

more-or-less s e l e c t i v e  f o r  un ion ized  CHA, bu t  were n o t  t e s t e d .  

Cyclohexyl-bonded 

Th i s  paper  d e s c r i b e s  a s imple  and s e l e c t i v e  method w i t h  h i g h  

sample throughput  t h a t  is s u i t a b l e  f o r  t h e  d e t e r m i n a t i o n  of CHA i n  

condensed s team and o t h e r  aqueous samples .  Accuracy, p r e c i s i o n ,  

and s e n s i t i v i t y  a r e  adequa te  f o r  r o u t i n e  mon i to r ing  of  CHA a t  low 

ppb c o n c e n t r a t i o n s .  
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