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Ion Pair Extraction of Aliphatic Amines and Quaternary
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Abstract— Systematic study on the extraction of ion pair by the use of picric acid (PCA) as
an ion pair forming reagent to the aliphatic amines has not be done by spectrophotometric method.
The extraction of ion pair by the use of PCA and 23 kinds of the aliphatic amines was examined.
The procedure is as follows; Elving's buffer solution (pH 1.3~10, ionic strength 0.5) each amine
solution, and PCA solution were taken into a test tube. The mixture was shaken mechanically
with chlorform. The organic phase was filtered through a filter paper to remove water droplets.
The absorbance was examined at A, against a reagent blank. Primary and secondary whose
carbon number were more than 7 or 6, respectively, are extractable as ion pairs with PCA, while
tertiary amines and quaternary ammonium salts are also extractable without the correlation of
carbon number. It was considered that the ion pair extraction of primary and secondary amines
was affected by the number of carbon of amines, but its extraction of tertiary amines or quaternary
ammonium salts was affected by kind of aliphatic amines rather than pKa values or carbon number
of amines.
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Table I—-Examined aliphatic amines

diamyl amine(DAA)
dihexyl amine(DHA)
Tertiary Amines(6 type)
trimethyl amine(TMA)
triethyl amine(TEA)
tripropyl amine(TPA)
tributyl amine(TBA)
triamyl amine(TAA)
trihexyl amine(THA)
Quaternary Ammonium
salt(2 type)
tetrabutylammonium hyd-
rogen sulfate(TBAHS)
cetyltrimethylammonium
bromide (CTAB)

Primary Amine(9 type)
methyl amine(MMA)
ethyl amine(MEA)
propyl amine(MPA)
butyl amine(MBA)
amyl amine(MAA)
hexyl amine(MHA)
heptyl amine(MHpA)
octyl amine(MOA)
decy! amine(MDA)

Secondary Amine(6 type)
dimethyl amine(DMA)
diethyl amine(DEA)
dipropy! amine(DPA)
dibutyl amine(DBA)
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Fig. 1—Effect of pH on the absorbance of the ion pair

complex in chloroform.
*TBAHS(O), TBA(®), DAA(D) and PCA © 1

X10™*M MDA(a) I 1X107*M.
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Fig. 2—Effect of picric acid concentration.
*Amine conc.=1X10"*M and DHA(O), TPA
(a), TBAHS(@).
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M(®), 10x1075M(O).

Sz, w2 PCA 28 JdAshA 3l3(4x10°5
M EEZ 1X10'M) ofleEs WsAHe "=
olg} fAHE & vehigdeh & opule] Eg=vt
PCA =t 4% o A FFEE e

=

=

o}.

#z4v)9) MY oz} PCAs}e)
2% u AT 771809 EFol thetel 2Este]
Hskr} Z dichloromethane(DCM), chloroform, car-
bon tetrachloride, cyclohexane, hexane, n-heptane
AHgsledc) Abvl o] FEHol uet APy A

==

FER

o]-&-4

o =
cE T

=33

6=
chloroform3 dichloromethane £vj7} 7}3
Fo] itk B AYdME 54
AHE-3Hd o

Table IIel 34|} upel o] TBAY 7%, TBA-
PCA =] chloroform £42) 2 F5IA (M)
< 350 nm, & F 73 dob U= PCA £949
Aoes 355 nmeo) itk Wbl 43 $5F G
Ao F22¥E 292 TBAHS 7% An.t 369
nmelith F, 1, 2, 37 A|HE oful& PCAS} 24 &
HAslo] {742 o] EBbH M 1 Hof Fubalel
blue shiftdlel®, 47 YEEFPL red shiftstgich
oA ’bAgrh FU ofuld A Y E o) e
HEE T W, F 17 ofEchs 25 o9, 23

v 2 chloroform-2

[}
T
P

Table 11—Experimental results of assay by UV spectroscopy

Amine No. of pKa e Determination Binding Correlation
carbon o range ratio coefficient(R)

MMA 1 10.66 - - - -
MEA 2 10.70 — - - -
DMA 2 10.73 - - - -
MPA 3 10.69 - - - -
MBA 4 10.61 - - - -
DEA 4 11.04 - - - -
MAA 5 10.63 - - - -
MHA 6 10.64 - - - -
TMA 3 9.81 344 2-8X10 *M 1:1 0.988
DPA 6 11.00 345 2-8X10*M 1:1 0.985
TEA 6 10.75 348 5-20X10*M 1:1 0.982
MHpA 7 10.66 346 2-10X10:M 1:1 0.997
MOA 8 10.65 344 1-8X10°*M 1:1 0.999
DBA 8 11.25 345 2-80x10 °*M 1:1 0.977
TPA 9 10.26 349 2-10X10°°M 1:1 0.996
MDA 10 - 344 2-10X10 *M 1:1 0.988
DAA 10 11.16 347 2-10X10°°M 1:1 0.997
DHA 12 11.01 347 2-10X10°M 1:1 0.999
TBA 12 9.93 350 2-10X10°M 1:1 0.997
TAA 15 831 349 2-10X10°°M 1:1 0.998
THA 18 - 349 2-10xX10 °M 1:1 0.996
TBAHS 16 - 369 1-10X10 *M 1:1 0.999
CTAB 20 — 372 1-10X10 °M 1:1 0.997
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Fig. 4.1—Continuous variation method of TABHS(~).
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3.12 ppm o2 o] E = ch Fig. 73 Table IVl A3

Table IH — Variation of 'H chemical shifts of protons on the a and B carbon atom of aliphatic amines and aromatic
ring protons of picric acid in MHA-PCA, MDA-PCA, DAA-PCA, DHA-PCA, TBA-PCA, TAA-PCA and

THA-PCA.
'H on the -CHz- or B 'H on the a Aromatic 'H Aromatic OH

carbon in amines carbon in amines in PCA in PCA

MHA free (1.32) 2.68 9.18 11.14
bonded (1.67) 3.18 8.80 6.52

MDA free (1.72) 2.68 9.18 11.14
bonded (1.56) 3.02 8.76 6.22

DAA free (1.35) 2.59 9.18 11.14
bonded (1.66) 3.01 8.89 5.64

DHA free (1.33) 2.59 9.18 11.14
bonded (1.67) 3.06 8.87 6.86

TBA free (1.33) 2.39 9.18 1114
bonded (1.56) 312 8.87 10.37

TAA free (1.30) 2.39 9.18 11.14
bonded (1.65) 3.04 8.86 7.62

THA free (1.29) 2.38 9.18 11.14
bonded (1.59) 3.10 8.92 7.08

Vol. 35, No. 3, 1991



188 ekt o) % - A7) 2R - SXY
{"0 Tt Sohetel whet Ao HHog wApgHen
o]Exlgl oy THAS askix(49x) ol 2+ proton)
R-2(238 ppm) A=A Ko 2 7p3b ZA o) F-FHAUch
aof #7)9) AZHE] opul-PCA A ol Ao}
e < loo  PCAS S| o) A $4AYUS 2HT 5
~ 06 ek
E
g o o
= I cs a B
=
(i) ca 49.0
g 1 AupE opwlel o] & A A]eke 2 picric acid
2 £ ARg-ate], SefEgo R AG - b HRHs
O - . = S
20 s stelslglon, 1 &R0 2x4e pHE 35 %
C
180 8w+ chloroforme] #wsted x, 3¢l 9= TBAHS,
2 THA % DHAE 1X10 °~1X10 *M MDA 1X
107 4~1Xx107* Mol A AFdAl 47} gl 2k 0.9904] 24
[0 4% vhepedeh
170 S o
1 ' 1 1 1 L 2. PCAd 2]t 2+Z olulBo] o]l ZFZof 9}
° °"A/ oe oA AAH R WEG A3, 15 ofN e wad 7
THA /7 PCA
olAF 932 o Elszs ¥ ENEY L
Fig. 7—Variation of 'H chemical shifts of 02M PCA  ©) o 28 OFRI& KT 67) olwel s S5l 7bs
with increasing molar ratio of THA. 3helom, i 35 ofvl Bl 4y JEF e BTl
C1,C2,C3,C4 : left side (unit) C5,C6,N7: PAGle] FEHeo] shssladr)
right side(unit). 3. opul-PCA zHil 59 A= BF 101092
o, §3WE, F=E58589 #o], UV, IR ¥ NMR ~
Table 1IV—'H (;hemical shift. of 0.2M PCA with inc- HAedd 2g A= structure 13 o] B=p7k 2=
reasing molar_ratio of THA 2L o) o) LMo & o) FHiEe] YA
Proton itself THA5 THA10 THA15 THA20 THA25 ge 2w & olaln
Cl 0885 0874 0876 0875 0873 0875 B Te S T oA
C2 1287 1269 1280 1320 1327 1329
C3 - 1712 1656 1677 1593 1592 #AlS 2
C4 2384 3086 3090 3004 3096 3.008
C5 9180 9.128 9.068 9018 8969 8921 B oo 1990WE Agu)etw obslu)Er Zgteb
06 11.135 10.178 9.783 9.264 8459 7.078 SJodae] ATule] ola] o]Solg.om, ole] At
N7 - - 10214 10242 10237 10242
=gy
|
5 NOp jCHz-BCHZ-CHZ— CHp-2CH, - CH, 2
NOZ OH---_;,N-CHz— CHp~CHp ~CHz - CHp~ CHg
N 1) Silverstein, R.M. : Spectrophotometric Determina-

NO, CHp-CHp=CHp— CHp = CHy - CHg

Structure [

niel glo] <o Aseke)l PCAo] THAE oUA A
7hAA 7h A 7bzhe) NMR ~#l e s &4so] 7}
slsla] o]Fe] $29)S sl R PCA9 aro-
matic OH proton®] #34 ©]%&(11.14 ppm)-> THA

olN

=
2
=

tion of Primary, Secondary, and Tertiary Fatty
Amines in Aqueous Solution. Anal. Chem. 38, 154
(1963).

Persaud, G., Xiu-min, T. and Cantwell, F.F. . Be-

havior of solute adsorbed at the liquid-liquid inte-

2)

rface during solvent extraction with porous- mem-
brane phace separators. Anal. Chem. 59, 2(1987).

J. Pharm. Soc. Korea



Picric Acidoll 2§t x9}p& olwl 79} 45

SEE PR ol 189

FE

3) Gould, CW. and Gross, S.T.: Identification of

4)

5)

6)

@)

8)

P

10)

11

~—

amines by X-ray powder patterns of their chlorop-
latinates. Anal. Chem. 25, 749(1953).

Matek, M.B., Gearien, J.E. and Blake, M.L. . Che-
mical and spectroscopic analysis of a phenobarbi-
tal-ephedrine complex. J Pharm. Sci. 66, 1019
(1977).

Woo, D., Yen, J K.C. and Heimlich, K.R. : Determi-
nation of diphenhydramine hydrochloride in elixir.
J. Pharm. Sci. 62, 1993(1973).

Hillenbrand, E.G. and Pentz, C.A. . Organic analy-
sis eds., New York, p.142(1956).

Amell, AR, Lampery, P.S. and Schiek, R.C. ! Gas
chromatographic separation of simple aliphatic
amines. Anal. Chem. 33, 1805(1961).

Ock, C.W. and Shin, T.Y. : Spectrophotometric de-
termination of phenothiazine derivatives by using
picric acid electron acceptor. Yakhak Hoeji 31, 322
(1987).

Saucin, M. and Van De Vorst, A. : On the electron
donating properties of the major tranquilizers.
Biochem. Pharmacol. 20, 909(1971).

Zakhari, N.A., Rizk, M., Ibrahim, F. and Walash,
M.L : Determination of phenothiazines by charge-
transfer complex formation with chloranilic acid.
Talanta 33, 111(1986).

Jayarama, M., D’Souza, V., Yathirajan, H.S. anc Ra-

ngaswamy . Interaction of phenothiazines with ni-

Vol. 35, No. 3, 1991

12)

13)

14)

15)

16)

17)

troso-R salt and extractive spectrophotometric de-
termination of phenothiazine drugs. Talanta 33,
352(1986).

Foster, R. and Hanson, P. : Electron-Donor-Accep-
tor complex formation by compounds of biological
interest(1). Biochem. Biophys. Acta. 112, 482(19
66).

Mitsui, T., Minami, Y. and Fujimura, Y. . Examina-
tion of benzylamines for spectrophotometric deter-
mination of low molecular amines by ion associa-
tion reagent. Bunsek: Kagaku 33, 257(1984).
Kim, B.K., Sim, K.S, Lee, WK. . Studies on the
reaction mechanism of azo dyes with cetyltrimeth-
ylammonium bromide. J Korean Pharm. Sci. 12,
101(1982).

Hanna, MW, and Ashbaugh, A.L.: Nuclear mag-
netic resonance study of molecular complex of 7.7.
8.8-Tetracyanoquinodimethane and aromatic do-
nors. J. Physi. Chem. 68, 811(1964).
Terweij-Groen, C.P., Heemster, S. and Kraak, J.C.
. Distribution mechanism of ionizable substances
in dynamic anion-exchange systems using cationic
surfactants in high-performance liquid chromatog-
raphy. J. Chromatogr. 161, 69(1978).

Elving, PJ., Markowitz, J.M. and Rosenthal, 1.:
Preparation fo buffer systems of constant ionic st-
rength. Anal. Chem. 28, 1179(1956).



