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THE ION PAIR FORMATION BY SOME AZQO SULFONATES
by
Parviz Javid

Under the Supervision of Professor Takeru Higuchi

This work is concerned with the determination of
various parameters which influence the formation and
extraction of ion pairs. A typical azo mono sulfonic acid
dye, tropaeolin 00 and its ortho hydroxy analogs were utilized
in these studies. The factors investigated were: (i) the
effect of dye concentration on the partition coefficient; ;
(2) the effect of buffer concentration on the extraction
of the dye amine; (3) the effect of pH on the partitioning
of the dye; (4) the effect of éoncentration and nature of
inorganic and oréahic cations'preSéht_bﬁ"the partitioning;
(5) the effect of organic masking or solvating agent in
the non-agueous phase.

It was observed that the partition coefficient of the
dye was independent of concentration when it was partitioned
between an aqueous solution and an organic phase consisting
of 16% W/V n-amyl alcohol and chloroform. The linearity
of the partition coefficient in the concentfafion-fang;fhm
used (up to 5 x 1073 M/b) indicated that the dye did not |
undergo appreciable association and that, therefore,

partition coefficient could be calculated directly using

the analytical concentrations. Similarly, the buffer



concentration had no effect on the observed partition

coefficient, providing that the cation concentration-was
kept constant.  __ . .. o

Further work on the effect of pH on the partitioning
of the dye showed a dramatic effect due to variation of
hydrogen ioﬁ concentration, - The observednﬁartieion o
coefficient was found to be independent of pH in a region
above pH 5. Below this there waé Eﬁpapked-increase'in """"""""""""""
partit;on_coefficient re&éﬁihg'a maximum of approximately
.pﬁ 1.2. At a pH of less than one there appeared to be a
slight decrease in partitioning which might be attributed
to the ﬁrotonation of the dye. The profile would indicate - 77
that the dissociated form of the dfe.dees not partition

significantly whereas the undissociated form contributes

I LAY *

mainly to the observed partitioning.”’

Studles dealing with the effect of inorganic catlons
indicated that under condltlons of ‘constant_ pH the addition -
_,ofwsodium'markedly 1ncreaeed the partition coefficient of

the dye when the dye was present in its dissociated form

and had negligible effect at low pH where the predomlnant

specie present was the undlssoc1ated acmd Thls would
indicate that at high pH the dye is extracted as a sodium
ion pair. This was found to be true for both,trepaeolin 00
and.its hydroxy analog. Previous studiee cited suggested
that divalent cations did not form extractable ion pairs.
Consequently, a study identical to that of the sodium

i . . . . P 5 . .
investigation was carried out using Ca as the inorganic
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cation. It was found that ﬁartitioning was independent of
added calcium and was essentially equal to the value which
was extrapolated to zero sodium concentratlon.

Studies of the effect of- organlc catlons were éénducted
using a series of amines, specifically d-amphetamine, methyl
amphetamine, diﬁethyl amphetamine{wapd_tetrabutyl ammonium™ "’

chloride. Studies ﬁéing these compounds were carried out

using an organic phase consisting of 1.8% W/V amyl alcohol

e b

in ch;grofqrmt-"InLthe-case"Of“thé"iaf 2%, 3% amines the
’-Qrdér of extraction was 3°>2°>l°. The order of extraction
does not correlate with the order of the pKa's of the amines
which is Z°>3°>l°_'indicating.steric effects are more
1nfluenc1al than basicity of the nitrogen. The enhanced
partition of the quaternary might be attributed to the
higher molecular weight and increased number of lipophilic
groups around the nitrogen.

The effect of the solvating and masklng agent in the
organic phase was investigated uSLng various concentratlons
of chloroform in cyclohexane. Cyclohexane was chosen since
it al;ne was not capable of extracting ion pairs. Conse-
quently, the effect of the chloroform cbuld be determined
as an independent variable. It was found that the primary
amine required greater solvation or shielding than thé
other compounds, possibly due to the lack of inmherent alkyl -
groups on the amino function. | |

From these studies, it can be suggested that this

technique may be utilized for separating rather similar

structures and that the separation can be modified by
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consideration of~the'ﬁéria51es studied. The technique

offers a rather sensitive method for analysis of various

amino compounds. U S — _.
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INTRODUCTION

The acid-dye method (1) is a widely used assay for
determination of basic nitrogen compounds. It is based
on the observation that acid-dyes, high molecular weight
sulfonic acids such as bromocresol purple, bromothymol blue,
chlorophenol red, bromocresol greeh bromophenol blue, methyl
orange, eosin, and tropaeolins form readily detectable ion
pairs with many amines which extractable into an organic
phase. The concentration of the ion pair in the organic
phase can be determined colorimetrically. Therefore, by
extracting an aqueous mixture of an amine and an excess
concentration of a dye with an organic phase, the concen-
tration of the nitrogenous compound initially present can
be determined.

Since many pharmaceuticals such as alkaloids, anti-
histamines, anticholihérgics, tranquilizers,Ienergizers,
etc., contain basic nitrogens, this method éould be used
effectively for the quantitative determination of these

compounds in pharmaceutical preparations.

Although the colorimetric determination of amines

ion-pair formation has been used for a long time, the

physical chemistry and a systematic-apprcach‘tﬁ elucidate "

factors influencing the ion-pair formation have only lately
been studied. For most cases the approach seems to have

been empirical in nature. _ -

giu,w.



The purpose of this investigation was to study two
typical acid-dye compounds, tropaeolin OO* and its ortho-~

hydroxy analog,
@-NH @N N@ S0;-Na Tropaeolin 0O

NH N = H@ SO, N Hydroxy tropaeolin 0O
OH

to determine:
a. the influence of the hydroxy group adjacent to
the sulfonic acid groﬁp on partitioning of the
dye between water and chloroform

the pH profile of the partioning of the dye

o’

c. the dependence of the partitioning on organic

and inorganic cations |

d. the effect of the concentration of theldye on

partitioning

e. influence of the total buffef concentration.

Since in the acid-dye method the blank consists of
extraction of the dye with no amine added, control of these
variables leads to the determination of the best conditions
for the assay. The ideal case is when blank absorption in
the organic phase is negligible, and amine-dye ion pair

extraction is complete with respect to amine.

FLd

* Sodium p—Hp—amlno-phenylLazo]benzene-sulfonate. This
compound is also known as: diphenyl amine orange, orange
G-S, orange N, CI acid orange 5, C.I. No. 13080 orange IV,
fast yellow, and acid yellow.



The second phase of this study dealt with ion-pair

formation of the two dyes with inorganic cations and primary,

secondary, tertiary, and quaternary amines to find the

relationship between structure of amine and its extraction

into the organic layer as an ion pair. The effect of
adding a masking agent to théuéfééﬁiélﬁhééépio enhance
solvation of the ion pair in organic phase and the binding -

number were also determined.

—
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PAST WORK

The first indication of ion-pair formation was made
by Bjerrum (2) who pointed out the probability of a pair of
oppositely charged ions being able to come sufficiently
close together in such a way that the force of attraction o~
between them would be strong enough to overcome the effect

of thermal agitation.

The effect of ion-pair formatidh'ﬁa§'5éaééiculated [}

- the basis that all oppositely charged ions within a certain

S —— iy g—

distance are capable of association as ion pairs. According
to Bjerrum (2) there is a critical distance q
A -
9 = ZDKT

+ = g " i ol
Z , 2 = valences of anion and cation respectively

protonic charge

e =
D = dielectric constant
k = Boltzman constant _ et i e -

Fuoss and Kraus (3) illustrated the effect of dielectric

constant of an ion pair by using tetraisoamylammonium

P————
m—— ———

nitrate asn an example. .. =77
Bjerrum derived another equation which was simplified

by Fuoss (4,5) to:

- 47N a3b ”»
1/K = =560 - _. S
K = dissociation constant of the ion pair - R

N = Avogadro's nunber

a = distance of closest approach

+ - ]
= Z Z ez ey = [ —_
aDKT



'COH (aq) = ccl (aq) =CD EI——Q NaD

B A
"

{

P
;}g Reiss (6) derived a relationship for determination of
effect;ve range of the distance for ion-pair formation, He
derived an equation for ion-pair formatlon with these
{ ' . i R ! .

a@yantages: k | o

+..'

f e
‘7 1. The law of mass action is not invoked.

éﬁ 2, The theory is thoroughly cons;stent in the aeeumptlon

that interactzon is confined to the neareet neighbor of the

oﬁpoalte elgn._ E | e %gil |
gﬁ; 3. The distributed densities of pos;tzve ions in the

néighborhood of negative ions is coneervpd._ This is in

gooa agreement with Fuoss' eimple'approacn.tlg

it Batson and Kraues (7) showed that o&ganro'aalte of

iy
|
Ky
i

:

1arge molecules do exist largely as ion palre in solutions

of 1ow dlelectric conetant. Mukerjee (B 9),lstudying the

L]

analysis of anlonrc surfactants by. catlonlc dyee, suggested

that among factord affectlng the lon-palt ‘formation (complex

between dye and surfactant), dielectric constant was the

_L.k.- - —— B PR
determining factor in the amount of the compound extracted

‘ 1n the organic phase. Other influencing factors were:;,

1. concentration of the dye used
| 2. concentration of the surfactant
" 3, the nature of organic solvent ,f“:.

4, volume ratio of organlc to agueous- phaee.'

He proposed this’ equlllbrzum scheme

(aq) -

e . fle f= 00 x.

-COH(org)v*CCl(org)!lcn(org)NaD(orgf=*HD(org)

e A 5 - CL iy
AL TS _;. '." y T R I ; -_-' A
. 3 2 ’ b

% at E Fal v oo v
L T NI TS -,_! v

i

1
i

= HD (aq) SRR/ ORI,



where

NaD anionic detergent
I CCl = cétionic dye

D = detergent ion
C = colored dye

K; = extraction constant of the basic form of the dye

Ky
u

partition of the dye between the organic and

aqueous phase

equilibrium partition of the dye«surfactant

&
i

.equilibrium partition of detergent (surfactant)

&
"

Ks = equilibrium partition of unionized dye
The best condition for ion-pair extraction is when K, and
K, are minimum, K; is important only in the basic solutions.
K; is important in the case when HD is a weak acid and -
solution is acidic. -

McClellan and Freiser (10) have shown that when ioﬂ
pairs involving inorganic cations are extracted, the
limiting step is the formation of coordination compounds
in water. Review of other works is_in good agreement with
Freiser's findings (1l1). Kraus (12) discﬁssed the basic
concept'of ioﬂ association,land Mbrrison and Freiser (13-16)
studied its application in extraction.:

Application of the Acid-Dye Method ‘

~ Prudhomme (17) found that alkaloids such as quinine

form chloroform soluble complexes with acid-dyes such as
eosin.

Auerbach (18) used bromthymol blue and bromophenol
blue for colorimetric determination of some germicidal

quaternary ammoniuﬁ salts in dilute solutions. He found
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that cations of composition‘(R1R2R3R4N)+ where R;, R, , and
- Ry are methyl or higher and R; is ' cﬁz or long-chain
aryl alkyl can form ibn pairs with the dye, which can be
extracted in alkaline solutions. The advantage of this
method was that 50 to 60 non-quaternary amines tested all
gave negative results under alkaline conditions. He
preferred bromophenol blue because it gave a low blank
readihg with ethylene dichloride which was used as the
solvent., e e e an — |

Brodie, Udenfriend, and Dill (19) estimated cinchonine
in plasma at the level of 50v per liter by using methyl
orange solutibn as pH 5 and benzene as the non;aqueous
phase. o

Durick, King, Ware, and Cronheim (20) worked with
atropine, hyoscyamine, and scopolamine at ten milligrams
per liter with bromocresol purple as the dye. They obtained
accuracy of 15% at pH 5.5. Ballard, Iséacs, énd'Scdtfmigij
reviewed the extraction of quaternéry ammonium salts and
some amines by acid-dye indicators such as bromothymol blue
and determined the effect of dye concentration, solvent,
phase volume ratio, time, and other parameters;

Thomis and Kotonis (22-24) used tropaeolin 00 and other
acid dyes for determination of compounds such as strychnine,
codeine, quinine, emetine, procaine, atropine,ﬁand spartein,
The effect of pH on ion-pair extraction was determined.

Mukerjee and Mysels (17, 18) studied the ion-pair
formation of methylene blue, pinacyanol, and bromophenol

blue as the dyes and sodium lauryl sulfate, sodium laurate,



cetyl trimethylammonium b;omide, and dodecylammonium

chlﬁride as surfactants. Sensitivity of the method was

in the order of 107% - 1077 moles per liter. |
Helgren, Theivagt, and Campbell (25) devised a method

for analytical determination of a cholinergic drug Tral

(hexocyclium) based on ion-pair formation with bromthymol

blue " . - e e e e S T T

O—c - CH, - N N+< CH, - SO,
| — CH,

using chloroform as the organic phase using a modification
of Mukerjee's (9) scheme:

DNa (H, 0) ———> RD (H; 0) ==== RX (H30)

| = N x 1| %

DNa (CHCl; ) === RD (CHCl; ) ===>RX (CHC1; )

DNa = bromothymol blue aniqn

RX = Tral

RD = dye-amine complex

K, and K; represent partitioning of the dye and Tral,

respectively

.Kl = partitioning of Tral dye complex
They suggesfed that the choice of 501vents; pK;bf the
indicator, and pH of the aqueous phase were important
factors in favoring the partition in.oréanic phase. They

studied the effect of pH, shaking time, and interfering
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materials. The composition of Tral-dye complex according

to the authors is 1:1. When using the acid-dye method,

they_found that common tablet excipients under the assay

condition showed no effect except carbowax 6000, which at

pH 8.5 combined with bromothymol blue to form a chloroform

soluble complex.

Divatia and Biles (26) isolated di—n—proéylamine,
diisopropylamine, di-n-butylamine, diisobutylamine, bi-n-amyl-
amine, diisoamylamine, and dihexylamine salts of tropaeolin 00.

They found that the distribution constant of these salts

between water and chloroform, or carbon tetrachloride, or

both, was governed by molecular weight and branching of the
aliphatic amine, the relative concentration of amine and
the dye, and the dielectric constant of the solvent. They

found a direct relationship between the logarithm of the

distribution constant and molecular weight of amine. They

also showed the monomeric nature of ion pairs in the organic
layer.
Higuchi (27) suggested that stoichidmetfiélcoﬁplexes
between the ion pair and the solvating species in the
' organic phase are more responsible for favoring distribution
coefficient éhan dielectric constant (8,9,25). Hull and

1 Biles (28) studied the ion-pair formation of diisooctylamine

and diisoamylamine with azo dyes,_tropaeq;in o,

tropéeolin 00, methyl orange, and sodium azo benzene
sulfonate, using amyl, hexyl, or lauryl alcohol as solvating
agents in benzene. = They confirmed Higuchi's (27) supposition

about the importance of proton-donor molecule in aiding the
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extraction of amines. They’determined the binding number
and overall stability constants.

ﬁiles, Plakogiannis, and Wong (29) determined apparent
partition coefficient of alkyl sulfate salts of methanthe-
line, propentheline, benzomethamine, isopropamide, oOxy-
phenonium, tridihexethyl,, homatropine, 2-PAM(paralidoxime).
They made a comparison of molecular structure to the
apparent partition coefficient. Tropaeoline OO was used
for determination of the amine present. The comparison of
molecular structure to the apparent partition coefficient
is given. They found no temperature effect in the
temperature range of 4% - 45°cC, ~

Schill (30) investigated factors involved in photo-
metric determination of amines and quaternary ammonium
compounds with bromothymol blue. He studied such effects
as pH and interfering ions in the aqueous phase,
specifically Nat, K, NH4+; He also studied association
of bromothymol blue in aqueous solutions (31), partition
coefficient of bromothymol blue between water and methylene
chloride (32), extraction conditions ané extraction
constants (33), dissociation constants of amines (34L and
aséociation in agueous solutions between bromthymol blue
and quaternary ammonium ions (35).

nguchl, Michaelis, Tan, and Hurwitz (36) ,studied the
ion-pair formation of dextromethorphan (a tertiary amlne)
and the role of dipolar protodotic agents (masking agents).

They also studied the effects of various anions on the

partition coefficients. They also derived equations to

relate partition coefficients and binding numbers to -



T
variables such aS“anioh'coﬁceetration, pH, and solvent
(Edﬁposition.

Tan (37) investigated the physical-chemical aspects . .. = __.
of distribution of ion pairs betweedmiﬁdicible solvents,
including pH, ionic strength, polymerization, and effect of
the masking agents on lon—palr formation of~ dextromethorégg;ﬂ‘*.ﬁ_m
in chloroform, normal—amyl alcohol, and in cyclohexane.,
iThe concentration of each phase was determined by direct
measurement of the absorbance in each phase, but when
p-tertiary butylphenol was added as solvating agent, the
organic phase was determlned by non-aqueous titration.

.

When p-tertiary butylphenol and dlmethylcaprylamlde were

both present in the system, the apparent partltlon

coefficient was determined by acid-dye method (28-29). He

also determined extractlon of free base-in—-organic’ ‘pPhase

~which 1nterferes with ion-pair determination.

Michaelis reported the kinetics and thermodynamics of
ion-pair formation of dextromethorphan.ywaﬂgeview_of.the",,__
mechaniem ofwion—paif”fofdeéion-is also given (38,39).

Roubal (40) used the hydroxy naphtﬁyl sulfonates as
acid-dyes and studied the effect of isomeric structural
changes on the extractability of a limited numher of amines,
He also determined the effect of pH, and of inorganic and
organlc cations on the partition proflle. He ,also found

that temperature change had a marked effect on partitioning.
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EXPERIMENTAL

Eguigment
Cary'Model'il MS and Cary 14 spectrophotometers were

used for all absorbance readings. ) .

Measurements of pH were made on a Beckman research
1pH meter equipped with calomel electrode and appropriate'
glass electrode. pH was controlled-witlin 0,01 unit.

”ngﬁa%i;g was carried out on a Burrell wrist-action

shaker.

Separatory funnels used were all globe. type.

Reagents

Redistilled water was prepared by distillation from
acid permanganate in all-glass distillation apparatus to
remove impurities. |

Chloroform (analytical reagent, Mallinkrodt) was
shaken two times with sulfﬁric acid and then washed several
times with double—distilled water to remove the preservative.

n-Amyl alcohol (Eastman Organic Chemicals),boiling
point 136°, . |

Cyclohexane (Aldrich) 99+% - B.P. 81-81.5 ngo 1.4225,

d-Amphetamine sulfate and d-desoxyephedrine sulfate
(Aldrich Chemical Company) were prepared by adgition of
sulfuric acid to an alcoholic solution of vacuum distilled

amines., d-Amphetamine sulfate was recrystallized two

times from hydro-alcoholic solution. In the case of
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d—desox?ephéérine sulfate, an ethanol—diethyl ether mixture
waé used for recrystallizétion.
N,N-dimethyl amphetamine hydfochloride (Smith, Kline R
and French Research Laboratories). o .
" Tropaeolin OO (Eastman Organic Chemicals) was purified
by reérystallization from water (4“Fime§),_ﬁ,MHW,-__UHTMW,m_,

Ortho—hydroxytfopééoiin 00 was prepared from 4-amino

2-hydroxy sulfonic acid (41) according to the procedure

. e -

described in "Proceses of Dye Chemistry" (42) and
'recrystallized 4 times from water. It showed a positive
phenol test and showed a single spot in thin layer

chromatography. e e

Calcium salt of tropaeolin OO was prepared by ‘
recrystallization of tropaeolin OO with equal mixtures of
calcium chloride solution and ethyl alcohol. Percent

calcium calculated for Tr,Ca = 5.38%, found 5.39%.%

Procedure
The apparent partition coefficients were determined

by a single extraction method. Aqueous solutions were
prepared by dissolving the proper amounts of the required
components in distilled water which was saturated with the
organic phase; In turn, the organic phase was saturated
with distilled water. .

- Twenty-five milliliters of each phase were placed in a
separatory funnel and shaken for an hour at 25°C. Enough

time was allowed for complete separation of the phases.

The absorbance of each phase'was measured against a blank

* Medical Science Laboratories, Medical School, Univ, of
Wisconsin, Madison, Wisconsin.
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prepared in analogous manner.

L The absorbance maximum for dissociated tropaeolin 0O

in the water layer was found to be 440 mu and that of hydroxy-

tropaeolin 00 to be 444 mu. Both compounds obeyed Beer's

Law in the concentration range used. There was no shift

in the maximum when inorganic anions or organic amines

were present. The absorbance maximum below pH 2.3 was

found to be 530 mu for both compounds}

The apparent pKa vglues of tropaeolin 00 and hydroxy- .
tropaeolin OO in the system were determined spectrophoto-
metrically and found to be 1.8. The recorded pH values
listed are the readings after shaking.

The buffers used in the studies were acetate and
phosphate buffers. The concentration of the buffer was
.01 molar in all cases except for the calcium énd aminém”-
studies; in these cases the buffer concentration was
0.004 moles per liter.

Since sodium ions had increased the partition
coefficient of both tropaeolin 00 and hydroxytropaeolin 00,
partition coefficient values were extrapolated to the zero
sodium ion concentration in determining the effect of pH

on partitioning.

s e i
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RESULTS AND DISCUSSION

Effect of Concentration of the Dye and Buffer Concentration

on Partition Coefficient of Tropaeolin OO and Hydroxy-

tropaeolin 00.

- Effect of the Dye Concentration - The partition

coefficient of the dye at pH 6.27 and 4.0 (acetate buffer)

was found to be'ihdépendent of the dye when buffer and

+ . .
Na concentrations were kept constant. This can be seen ..

R i

in Figure lﬂbymplotting”fhé'pafﬁition coefficient as a

function of the total initial dye concentration, The

constant value of the partition coefficient would indicate

that the dyes do not associate in thé'ranééﬂéfufﬁé concen-
tration employed.

Effect of Total Buffer Concentration - The change in

. + )
concentration of the buffer when Na concentration was

kept constant had no detectable effect on the partitioning

of both dyes studied at pH = 6.27 (acetate buffer), proving

that partition coefficient of the dye is independent of

total buffer concentration.

=

pH Profile of the Extraction of Tropaeolin OO and Hydroxy-

Tropaeolin 00.

Figures 2 and 3 show the partitioning of tropaeolin 00
ané hydroxytropaeolin 00 as a function of pH. The curves
indicate the following. Above pH 3.5 the dyes ;re in the
dissociated state and are not extractable into chloroform

and amyl alcohol mixture. Below pH'3.5 the undissociated

form of the dye is extracted, as evidenced by an increase
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Figure 1. Effect of sulfonate concentration on partition
coefficient. Na concentration 0.1 M/L Organic phase:
16% W/V n-amyl alcohol in chloroform.
0 () pH 4.05 Hydroxytropaeolin OO
. () pH 6.27 Hydroxytropaeolin OO

') pH 4.05 Tropaeolin 0O
U-----Q pH 6.27 Tropaeolin OO
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Figure 2. pH profile of the distribution of

tropaeolin 00 between water and-16% W/V n-amyl =~
alcohol in chloroform. - -

——
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APPARENT FARTITION COEFFICIENT

3
Figure 3. pH profile of the distribution of hydroxy

tropaeolin 0O between water and 16% W/V n-amyl alcohol in
chloroform.
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in the partitioning of both compounds. The decrease of
the partition coefficient at low pH would suggést that
protonation of the diphenylamine portion of the molecule
occurs. The pKa of diphenylamine is .85 (43), and the ™~
charged species would not be expected to be extractable,

A further indication of extraction of free acid at
PH lower than 3.5 may be given by making a plot of log
pP.c. vs pH. It is possible to obtain a mathematical ex-
pression relating partition coefficient and pH, starting
from the equation

pH = pKa + Log %g%%g% ' | (1)

Log-%%ﬁ%%% = -pH + pKa (2)
Assuming that the acid form is the only form extracted in
the organic phase, and salt remains in the H, O phase, we
can rewrite equation 2 as

Log (dye)org_ = -pH + constant | (3)

(dye)y o

or |

Log apparent p.c. = -~pH + constant
Therefore, piot of Log p.c. vs pH should give a straight .

line with a slope of (-1).

- The plot of log p.c. vs pH (Figure %) belgw the region
which is independent of pH shows a.straight line relation-
ship, but the SIOpé“ﬁas.a value of less than(~1l). This
-céﬁ be explained by considering.that:first~of~all-the*equatioﬁ‘m;ﬂw

holds for weak acids, and sulfonic acids are usually strong
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Figure 4. The effect of .pH -on partition coefficient of
the sulfonates.

Tropaeolin 0O
Hydroxy tropaeolin 0O

Organic phase 16% W/V n-amyl alcohol in chloroform
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acids; secondly, the protonation of the dye molecules at
low pH would reduce the apparent partition coefficient.

The higher partition coefficient of hydroxytropaeolin 00

may be explained by the spacial configuration of the
molecule, resulting in intermolecular hydrogen bonding
between the phenolic hydroxy and sulfonate portion of the

molecule which will enhance partitioning,

Effect of Inorganic and Organic Cations on the Formation -

of Ion Pairs with Tropaeolin 00 and Hydroxytropaeolin OO

Although much of the previous acid-dye work cited in
the literature concerns the extracfion of organic cations;
such as amines, as ion pairs with organic or inorganic
anions, one must also consider the extraction of inorganic
cations. The equations formulated by Higuchi, et al., (36)

can be generalized as follows.
K
+ - e

Chg * Xoqg — (C+X—')org (4)
where
-C;q represents any monoprotic cation in the aqueous
phase
X;q represents any monovalent anion in the agqueous
phase..

(C+xr)°rg represents the ion pair in the organic layer
K, is the extraction constant for the system

It would appear from earlier work (36,37,38) that in order

—

to have SLgnlflcant extraction the orgahlc phase must contain

some agent.whlch will complex or solvate the ion pair to

e e et TR L e s A et o i R S s L, . | A% ep———
I R i
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stabilize it in the organic phase., This can be represented
as

(c™X") (5)

+ nM e= (CTX " +Mp)

org org

where

M represents the complexing agéné-igafhe organic phase

n being the number of moles interacting with the ion

pair

(C+X7-Mn)org being the solvated ion pair

K, being the equilibrium constant for interaction
Equations 4 and 5 can be combined to give

[ctX™ .Mpl

K = KK = org : ) .
° ec [C+]aq .[x"]aq . M° e e .

where K, can be considered as the overall equilibrium constant.
The equation can be further simplified if one keeps

the total cation concentration a constant and varies the

anion concentration., Under these condiﬁibné it is possible

to determine the change in the apparent partition coefficient

of the cation since under experimental conditions:

+ .
- [c™x Mn]o;g
“Ceat © (7)
cat [C+] '
- ag e
Therefore, equation 3 can be rewritten as:
- - . n
PC_. ¢ K, [X ]aq [M] (8)

or conversely keeping the anion constant and varying the

cation, one can determine the effect of the cation on the

Il

-

partition coefficient of the anion

(efx" .M ]
PC - Mn org (9]
an -
X1,

and

+ n
PCanion = Ko[c ]aq°[M] (10)
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Equations 8 and 10 predict a linear dependence of the ___. —m

partition coefficients of each species as a function of

variation in concentration of the other ion.,

Effect of Inorganic Cations - Since most studies

dealing with ion-pair partitioning are carried out in
buffered solutions, it was of interest to determine the
effect of the inorganic cations present in the buffer on
the dye partitioning. This effect is.important since the
nature of the inorganic cations would have an effect on the
blank extraction in the absence of the organic cations.

Studies were carried out on both azo dyes in a pH
range of 6.27 to 1.72, keeping the dye concentration
constant at 4.2 x 10 ®> moles per liter. The sodium ion )
concentration was varied from 5 x 1073 to 2.5 x 10 ! moles
per liter by addition of sodium chloride. The organic
phase was 16%W/V n-amyl alcohol in chloroform. The results are
shown in Figures 5 and 6. Table l_summarizes the effect of .
pH on the observed extraction constant, K,. As is clearly
evident,‘there is a marked dependency of the partition o _—
coefficieht of both compounds on the-sodium concentration
at the higher pH values. This can be attributed to the.
ion-pair formation of the }ohized,dye-anionS“With'éoaihﬁ“*"”m
‘cations. At”lowwﬁH'QAlues where the dyes to a great extent
Iéxiét as undissociated acidsw_thereﬂiselittle-ofwno*sodium“—"mmﬂdqu
deéendency as might be anticipated. At intermédiate pH
values the slopes reflect the.chanées in ratio between the

dissociated and undissociated species present. = = ...

i T
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APPARENT FARTITION COEFFICIENT

Figure 5. Effect of sodium ion concentration-on-the
partition coefficient of tropaeolin 0O. -
Organic Phase: 16% W/V n-amyl alcohol in chloroform.
Tropaeolin 00 concentration 4.2 x 10 5 M/L phosphate
and acetate buffers, :

S 10 1S 20 - 25

SODIUM CHLORDE M/L x 10°
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S 10 1S 20 25
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Figure 6, The effect of sodium ion on partitioning of
hydroxy tropaeolin 00. Organic Phase: 16% W/V n-amyl
alcohol in chloroform, acetate and phosphate buffers,
dye concentration 4.4 x 10°° M/L.
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Table 1. Extraction Constant (Ke) of Tropaeolin 00 and
Hydroxytropaeolin as a Function'ofﬂﬁﬁ Using Acetate and

Phosphate Buffers. Organic Phase: 16% W/V Amyl Alcohol

e i A S
— -
e

e

in Chloroform o e

pH . T """ rropaeolin 00 Hydroxytropaeolin

P - 1.85 s
4,88 o 1.85 . -

4,29 | 190 e o %'” "2;90”'“"
3,56 ,m _JA,y” - | . .
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The extrapolation of the lines to zero sodium concen-
trations were used to generate the pH profiles shéwn in
Figures 2 and 3. It should be noted that af tﬁe higﬁer.
pH values where essentially all of the dyes are in the
ionized form, the extrapolation to zero sodium should pass
through the origin., However, it will be noted that a finite
intercept is observed. The cause of the intercept is
unclear since changes in pH in a limited range do not
affect the values as would be expected if the deviation
were due to extraction of the unionized acid. This inter-
cept cannot be explained as the effect of the impﬁrity
because it remains constant on multiple extraction,

In previous studies it was shown (37,40,4%,45) that
divalent ions did not form extractable ion pairs. There—
fore, it was felt that use of these salts in buffer systems
would minimize variations in the blank extractions as seen
in the case of the presence of sodium cations. The use of
calcium buffers was investigated using a calcium acetate
buffer system at pH 4.05 and 5.05 with 1.2 x 10 ° moles
per liter of tropaeoiin 00 and varying the calcium ion
concentration from 1 x 10°% to 5 x lo'z'M/L;w-Themszaﬁgé””
phase was 16%‘W/V_n-amy1 alcohol in chloroform, the same
as used in the sodium ion studies. The zero slope of the
lines shown in Figure 7 confirms that the divalent calcium
ion does not form extractable ion péifﬁﬁﬁith the dye.

Thé intercepts at zero calcium ion concentration are the

same as those for the sodium data previously presented.
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04
03}
O2L
OlL
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CALCIUM CHLORIDE M/L x 1P

Figure 7. Effect of calcium ion on the partitioning
of tropaeolin OO at pH 5.05 and 4.05 calcium acetate
buffer, Organic phase: 16% W/V n-amyl alcohol in
chloroform.,
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Similar data were obtained at pH 5,05 when the calcium
salt of tropaeolin'oo was used and increasing the calcium
concentration by addition of CaCl, as shown in Figure 8.
when the total calcium ion concentration exceeded
5 x 10°2 M/L calcium tropaeolin 0O precipitated. This

would limit the use of this approach in analytical methods.

Formation of Ion-Pairs by Organic Cations with Tropaeolin OO

and Hydroxytropaeolin 00

From previous work (26,28, 36,37,38,39,40, 44) it is

apparent that extraction of organic cations such as protonated

 amines will be highly influenced by the nature of the cation
as well as the anion and composition of the organic phase.
To determine the effect of the ortho hydroxy sdbatitutiondﬂwwm;
on tropaeolin 00 as well as the variation in the amines,
four basic compounds were tested:

(1) d-Amphetamine

(2) N-methyl amphetamine

(3) N,N-dimethyl amphetamine

.(4) Tetrabutyl ammonium chldride

Preliminary‘data indicated that the primary amine

(d-amphetamine) and the secondary émine (N~-methyl amphetamine)
exhibited rather low partition céefficients in chldroform... |
This suggested that chloroform alone did not sufficiently
aoi&ate the ion pair and that a strongerlﬁasking agent was
required. Studies were carried out using a mixture of
1.8% W/V n-amyl alcohol in chloroform and determining the
partition coefficienté of the amines at varying dye concen=

trations. The results are summarized in Figures 9 - 12. .
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Flgure 10, The effect of concentration of trOpaeolln 00 ()
and hydroxy tropaeolin- @ on partition coefficient of

n-methyl amphetamine. Organic phase: 1.8% W/y n-amyl
-alecohol in chloroform. pH = 4.2 (acetate), Na = ,004

amine = 5.2 x 10 %,
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Figure 11, The effect of tropaeolin 00 O and
hydroxy tropaeolin 00 @ on partition coefficient -
of dimethyl amphetamine. Organic phase: 1.8% W/V
n-amyl alcohol in chloroform, pH 4.2 (acetate),
Na' conc., = .004 M/L, amine conc. 5 x 10 °,
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Figure 12, The_effect of concentration of
tropaeolin 00 .0 and hydroxy tropaeolin 0O ® on

the partition coefficient of
chloride, Organic phase:

in chloroform, pH = 4,2, Na
amine = 5,0 x 10°° M/L.

tetrabutyl ammonium
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Examlnatlon of the data 1nd1cates that the addition of

methyl groups on an amino nltrogen dramatically increases

JEE—————
et ot

the partition coefficient. The effect appears to be -
associated with a steric effect rather than changes in the

basicity of the nitrogen since the order of increaslng

e i e i S bt
— it 1

partition coefficients was 3952°51% ‘whereas the changes in

pKa valuea'are‘26>3°>l°. It can be speculated that the

additional methyl group enhances the shielding of the charge

- and consequently favors partitioning into the organic phaae._gﬂr.,ﬂr_
It is probably more llkely, however, that the observed B

.effects can be largely attributed to increased hydrophoblc

interaction between the alkyl groupa_apdwthe%aqueousww~~wHﬁ?"”*“""““

environment, -

The importance of the ortho hydroxy group was not as

great as antlclpated except—inm the ‘case of the aecondary
::Jc':un:l.rl-ede-.ﬂ= This again may be due to a favored steric orienta-

tion which would enhance shielding by the hydroxy group.

It is readily apparent that the.n—amyl—alcohol*acta“to'""’”"”“””
shield the charge and enhances partitioning.

To study the effect of steric changes of the amines
and dyes on the binding number or molecularity of the
masking agent with tﬁe ion pairs, a series of experiments
were run at varylng chloroform concentrations using hlgher
amine concentrationa. It was found that cyclohexane did
not extract ion pairs; therefore, it was_poasible to study

the effect of chloroform by varying its concentration in

cyclohexane.
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If one takes the logarithm of equation 8, we find that
log PC_ . = log K, + log (xr)org + n log (M) (11)
when the concentration anion is kept constant a plot-of log

PC versus log (M) should yield a straight line with a

cat
slope of n which is the binding number of chloroform with .
the ion pairs; Data for the various compounds plotted in
accord with equation 11 is shown in Figures 13 - 16. -In
addition to evaluation of the values for n, one can

compare the values for K,;, the overall extraction and
binding constant by extrapolation to 1 molar chloroform
concentration.= Thesa results are compiled in Table z

| ****** |

Table 2. The Effect of Variation of Cation Structure on

the Bindlng Number and K,

Compound Bindihg Number = i . Kg
Tropaeoline Hydroxy- - Trop. Hydroxy=-
00 tropaeoline 00 trop.
d-Amphetamine = 4 4 ... ,00218--— 003
Methyl amphetamine 2.9 3 | 157 . .23
Dimethyl amphetamine 3.2 3.7 - 7.75 3.73
Tetrabutyl ammonium 3,5 3.5 24,3 53.3
chloride , - PRUEREE

PEFEEIE K IR S

From these studies it is evident that different types
of amines can be readily separated by the use 6f ion-pair

extraction and that the partition coefficients can be

hzghly influenced by the nature of the organic phase.
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tropaeolin-00/\3.75 x 10°° M/Ly e
hydroxy tropaeolin-00() 3.75 x 107° M/L. . |
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_SUMMARY. . -~ "~
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Thls work is concerned with the determination of

il

various parameters which influence the formation and

extraction of ion pairs, A typical-azo mono sulfonic acid

dye, tropaeolln 00 and its ortho hydroxy analogs were
utilized in these studies. The factors investigated were:.
(1) the effect of dye concentration on the partition
coefficient; (2) the effect of buffe; concentration on the
extractioh of the dye amine; (3j the effect of pH on the
partitioning of the dye: (4) the effect of cohceﬁtration
and nature of inorganic and organic cations present on the
partitioning:; (5) the effect of organic masking or solvating
agent in the non-aqueous phase. .
It was observed that the partltlon coefficient of the
dye was independent of concentration when it was partltloned -
between an aqueous solution and an organic phase consisting
of 16% W/V n-%myl alcohol and chloroform, The linearity.
of the partltlon coeffzcxent 1n the concentratlon range
used (up to 5 x 10 5 M/L) indicated that the dye did not
undergo appreclable association and that therefore,
partition coeff1c1ent could be calculated directly using

the analytical concentrations. Similarly, the.buffer

e
-

concentration had no effect on the observed partition

coefficient, providing that the cation concentration was

kept constant. ' . t J.. i JJ:;“J;_;;;d__wmﬂm"t;_J_w_



i e vy e AR

43

Further work on the effect of pH on the partitioning
of the dye showed a dramatic effect due to varlatlon of
hydrogen ion concentration. The observed part1t1on coeffim
cient was found to be independent of pH in a region above
pH 5. Below this there was a marked increase in partition
coefficient reaching a maximum of approximately pH 1l.2.

At a pH of less than one there appeared to 59 a slight
decrease in partitioning which might be attributed to the
protonation of the dye. The profile would indicate that
the dissociated form of the dye does not partition signi-
ficantly whereas the undissociated form contributés mainly
to the observed partitioning.

Studies dealing with the effect of inorganic cations
.indicated that under'conditiﬁhémaf”édhsgéﬁﬁ pH the addition
of sodium markedly increased the partition coefficient of
the dye when the dye was present -in its dissociated form
and had negligible effect at low pH where the predominant
specie present was the undissociated acid. This would
indicate that at high pH the dye is extracted as a sodium
jon pair, This was found to be true for both tropaeolln 00
and its hydroxy analog. Previous studles clted suggesgéd i
that divalent cations did not form extractable ion palra.
Consequently, a study identical to that of thg sodium
investigation was carried out using ca’™ as tﬁe inorganic
cation, It was found that part;tionzng.was independent

of added calcium and was essentially equal to the value

which was extrapolated to zero sodium concentration.

i e A g e
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i o studies of the effect of organic cations were conducted
using a series of amines, specifically d-amphetamine, methyll.m
amphetamine, dimethyl amphetamine, and tetrabutyl ammonium
chloride. Studies using these compounds were carried out
using an organic phase consisting of 1.8% W/V amyl alcohol
in chloroform. In the case of the 1°, 2°, 3° amines the order
of extraction was 3°>2°31°, The order of extraction does
not correlate with the order -of the pKa;s of.the amines
which is 2°>3°>1°, indicating steric effects are more
influencial than basicity of the nitrogen., The enhanced

_partition of the quaternary might be attributed to the
higher molecular weight and increased nuﬁber of lipophilic
groups_around the nitrogen.

The effect of the solvating and masking agent in the
organic phase was investigated using various concentrations
of chloroform in cyclohexane. Cyclohexane was chosen since -
it alone was not capable of extracting ion pairs. Cohse- -
quently, the effect of the chloroform could be determlned
as an J.ndependent variable., It was found that the prlmary
amine required greater solvation or shielding than the other
compounds, possibly due to the lapk-of-inherent‘alkyl groups

on the amino function.

From these studies, it can be suggested that this
technidue may be utilized for separating_rather‘aimilar
stf&bturea and that the separation can be modified by
consideration of the variables studied. The technique
offers a rather sensitive method for analysia‘of various

amino compounds,
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