
*d value; 0.1 and - 1 stand for having zero, cosine and sine combination in the transformation of the complex wave functions into the real functions.
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4 2 ±2 -1 4 dxy (128尸/45tF)处尸(2“•一5)*」5佛方2。sin^ g

4 3 0 0 （16彳/45 히%尸厂"cos。（섹 cos毛一 3）

4 3 ±1 1 % (16C7 /45n2)，A Pe ~ ^sinB^cos1^-1 )co5+

4 3 ±1 -1 S （16^/45玲勺成洒（4皿炉。-1 ）s”冷

4 3 ±2 1 %” (128孕/45『)％尸厂幺成2。cosQicos1^ — sin1^)

4 3 ±2 -1 4 •板 (512C7/45n2) lhf^e^irsin2Q cosQ sin^ cos^

4 3 ± 3 1 4兀 (128W/225砂)％%-知* c。的(coS) -3血勺

4 3 ± 3 -1 4/， (128f〃225玲十厂 ^sin3Q sin^sin2^ - 3 cos2^

5 0 0 0 5 s (2£/9)Wb -16 尸尸 + 36 3 - 24"+3)次

improved the conventional STO*s and obtained the ortho

normalized STO*s which are closest in form to the hydrogenic 

orbitals. These new orbitals, 9, f) shall be extensive

ly utilized in LCAO-MO procedures in the near future.
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The Pressure Effect on the Ionization of m-chloroanilinium Ion in Sodiumacetate Buffer Solution

Jong-Gi Jee^ Young-Hwa Lee and Young-Jik Kwak

Department of Chemistry, Teacher's College, Kyungpook National University, Taegu 635, Korea 

(Fleceived April 30f 7 985)

The dissociation constantsWof m-chloroanilinium ion in water-ethanol mixture, where the volume percentage of water is 89.5%, 

were evaluated by UV-spectroscopic method at 20~50°C, up to 1500 bars with changing ionic strength from 0.04 to 0.10 mol 

kg-1 by use of acetate buffer. K values enhance with increasing ionic strength and temperature, but decrease with elevating pressure. 

From K values, we obtained the partial molar volume change and some other thermodynamic parameters. From the values of 

enthalpy, entropy and isoequilibrium temperature (649 K), we concluded that the dissociation of m-chloroanilinium ion men

tioned above is controlled by enthalpy.

Introduction

To observe the more direct phenomena of the solution, one 

must measure the effect of pressure on the volumes of different 

concentrations because pressure is the conjugated ther

modynamic variable of volume which is more direct and visual 

parameter than entropy conjugated to temperature.

The influence of pressure on the ionization of some 

substituted anilinium ions had already been studied.1 But m- 

chloroanilinium ion has not been done, so the authors measured 

its optical coefficients up to 1500 bars at several pH's and 

temperatures in water-ethanol mixture.

To extend the study to ionization reaction of some similar 

types, let us consider the next equation.

RNHJ+HQ^RNH/+HsO+ (l) 

where RNH； stands for anilinium ion from aniline(RNH2) in 

an acidic solution.

Putting the degree of dissociation of eq. (1) a, one can write 

the optical density of the buffer solution containing the 

anilinium ion, A as follows:

A=(l — +uArnhz (2)

where ARNH; and ARNH1 are the absorbance of the RNH： and 

RNHi respectively.

From the eq*s.(l) and (2), we simplified the dissociation con

stant, K of anilinium ion to be the exact relationship.2-4

K = a 7rnh27hm)+"내祯+ (3)

l~a 7rnh：

where the y, denotes activity coefficients of chemical species, 

i and zmHjO+ represents the molality of hydronium ions, by 
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making the usual assumption that yRNHj = 1, and assuming the 

addition that yH]O + /yRNH-=l. Although the latter approxima

tion may not be valid at high ionic strengths, it is nevertheless 

likely that the pressure dependence of + /Yrnh； is small and 

that the ratio pK/lK in eq. (6) is less in error than the abs이ute 

values of PK and 'K. Therefore, we obtain the next equation.

⑷HjO +

⑸

K=-으一m

1 — a

The fundamental equation for the pressure effect on the 

equilibrium constant of a reaction is

,3mK AV^

(ap)l -而

where 4Veand R represent the change of partial molar volume 

for the ionization (1) at the absolute temperature T, and the 

gas constant.

The partial molar volume change for the reaction (1) at at

mospheric pressure and zero ionic strength is given by1

승 j?t/히111) , fPK .
zlV m = -RT〔(p_])〕In (* (6)

where the symbolsand PK denote the dissociation constants 

of the anilinium ions at 1 bar and P bars, and b represents an 

experimental constant.

The other thermodynamic parameters(厶H , AG , and AS ) 

are obtained from the well-known relationships.

Denison and Ramsey5, Eigen6, and Fuoss7 have derived eq.

(7) from a theoretical treatment when two ions of opposite 

charge form an ion pair in an electrolytic solution.812

,k \ 3000 I Z,Zje! 1

mi顽"一孑(方) ⑺

where , N, y and k stand for the density of solvent, Avogadro's 

number, the size of ion-pair, and Boltzmann constant, respec

tively.

Experimental

Materials. All materials were used extra-pure and first- 

gradereagents.

Preparation of stock solution: Stock solution was prepared 

by dissolving weighted m-chloroaniline in the water-ethanol 

mixture in which the volume percentage of water was 89.5 %. 

The measuring solutions were obtained from dilution of the 

stock solution, and a typical concentration was 1.74 x 10L mol 

kg-1.

Apparatus and measurements. The absorbance of m- 

chloroanilinium ion at Amax = 287 nm was measured with UV- 

spectrometer(Shimadzu-21OA) which had been installed Lentz 

cell(Hofer, Germany).

The pressure generated by the hand pump(Nova, Swiss) was 

delivered into the Lentz cell through the liquid-separator which 

was made in this laboratory.

Throughout the measurements, the ionic strengths of the buf

fer solution were controlled with 0.04, 0.06, 0.08 and 0.10 mol 

kg'1.

During the experimental processes, the experimental 

temperature and pressure were controlled in the range of 20, 

30, 40, 50°C (±0.01°C) and 1, 500, 1000, 1500 bars, respec

tively.

TABLE 1: Dielectric Constants(D) of Water-Ethanol Mixture at various 

Temperatures and Pressures

T(C°)
P (bars)

1 500 1000 1500

20 74.4 76.2 78.0 79.8

30 71.0 72.8 74.5 76.3

40 67.7 69.5 71.3 73.0

50 64.7 66.4 68.1 69.8

TABLE 2: Absorbance of the m-chloroaniliniuni Ion in the Acetate Buffer 

Solution

T(°C) Soln
P (bars)

1 500 1000 1500

20 NaOH + A 0.71 0.73 0.75 0.77

HC1 + A 0.44 0.43 0.42 0.41

0.04 + A 0.59 0.57 0.56 0.53

0.06 + A 0.60 0.59 0.58 0.57

0.08 + A 0.60 0.60 0.59 0.58

0.10 + A 0.62 0.61 0.60 0.60

30 NaOH + A 0.71 0.73 0.75 0.77

HC1 + A 0.44 0.43 0.42 0.41

0.04 + A 0.59 0.58 0.56 0.55

0.06 + A 0.60 0.59 0.58 0.58

0.08 + A 0.60 0.61 0.59 0.59

0.10 + A 0.62 0.62 0.61 0.60

40 NaOH + A 0.72 0.74 0.76 0.78

HC1 + A 0.44 0.43 0.42 0.41

0.04 + A 0.60 0.59 0.57 0.56

0.06 + A 0.61 0.60 0.59 0.58

0.08 4- A 0.62 0.61 0.60 0.59

0.10 + A 0.63 0.63 0.62 0.61

50 NaOH + A 0.73 0.75 0.77 0.79

HC1 + A 0.44 0.43 0.42 0.42

0.04 + A 0.61 0.60 0.58 0.57

0.06 + A 0.62 0.61 0.59 0.59

0.08 + A 0.64 0.62 0.61 0.60

0.10 4- A 0.65 0.63 0.63 0.62

A denotes m-chloroanilinium ion.

Dielectric costants of water-ethanol mixture were calculated 

in the ratio of volume percentage by use of tabulated data.1314 

The result was listed in Table 1.

The measured absorbance of the m-chloroanilinium ion were 

given in Table 2.

Res미t and Dsicussion

The dissociation constants, K of m-chloroanilinium ion were 

evaluated from the eq. (4) and listed in Table 3. K values enhance 

with increasing ionic strength because the more the protons of 

acetate buffer increase, the more the -NH2 group of m- 

chloroaniline convert into the 一 NH扌.Also K values increase 

with increasing temperature but decrease with enhancing 

pressure. The former can be explained using the fact that the 

-NH； group dissociate into the -NH2 group and the 

hydronium ion by the higher thermal motion and the latter us

ing the fact that the backward reaction is more favorable than 

the forward reaction in eq. (1) under higher pressure.



268 Bulletin of Korean Chemical Society, Vol. 6, No. 5, 1985 Jong-Gi Jee, Young-Hwa Lee, and Young-Jik Kwak

TABLE 3: Dissociation Constants (K X 10s) of /n-chloroanilinium Ion 

in Water-Ethanol Mixture

T(°C) 7(mol kg-1)
p (bars)

1 500 1000 1500

20 0.04 3.50 2.57 2.06 1.63

0.06 3.56 2.90 2.37 2.02

0.08 3.78 3.25 2.66 2.18

0.10 4.15 3.44 2.80 2.43

30 0.04 3.58 2.78 2.12 L76

0.06 3.64 3.12 2.40 2.12

0.08 3.86 3.47 2.76 2.34

0.10 4.53 3.86 2.95 2.53

40 0.04 3.65 2.88 2.20 1.92

0.06 3.79 3.26 2.44 2.15

0.08 4.53 3.54 2.84 2.40

0.10 4.98 4.00 3.14 2.65

50 0.04 3.81 2.98 2.35 1.99

0.06 4.39 3.33 2.54 2.18

0.08 5.07 3.59 2.88 2.46

0.10 6.01 4.07 3.28 2.71

TABLE 4： Partial M이即r V이ume Changes (厶V응enF moF) of m- 

chloroaniliniuni Ion

Z(mol kg-1)
T(°C) Soln ——------------------------------

0.04 0,06 0.08 0.10

20 12.42 9.43 8.58 7.80 

30 12.24 9.62 8.78 9.82

TABLE 5: Ion Size of m-chloroanilinium Ion (yX108cm) in Water- 

Ethan이 Mixture at 1—0.04 m이 kg-1

T(°C) 20 30 40 50

(xltycm) 6.8 7.6 8.9 9.5

1.24 1.26 1.28 1.3。 1.32 1.J4

40 12.16 9.94 11.05 11.43

50 11.72

Figure 1. The 이ot of In K vs. p for m-chloroanilinium ion at I = 0.04 

mol kg-' and T - 200 C

11.0

10.9

10.8

10.7

-In K
10.6

10.5

10.4

10.3

10.2

Figure 2. The plot of In K vs. (7/D) for m-chloroanilinium ion at 

1 = 0.04 m이 kg-' and T=20°C.

The partila molar volume changes, 厶V으which were calculated 

from eq. (5) were listed in Table 4.

The plot of In K versus pressure at constant ionic strength 

is independent of pressure as shown in Figure 1, therefore the

7 = 0.04 m이 kg”.

△V으寸alues in eq. (5) equal to the 厶‘V증values in eq. (6). The 

△V응 values were positive instead of negative. The reason lies 

in the fact that w-chloroanilinium ion is merely replaced by 

hydronium ion. The fact that A Kevalues are not zero, but
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Figure 4. The plot of In K vs. (1 /T) for m-c이。「oanilinium ion at 

7=0.04 m이 kg11.

positive, for eq. (1) indicates that a proton is more effective 

in causing electrostriction when it is attached to an amino group 

than when it is freely dissolved in water-ethanol mixture (th죠t 

is true of amines in general15 not just of w-chloroaniline).

The average size, y or zn-chloroanilinium ion which is the 

nearest distance between two ions were c끼culated from eq. (7) 

and Figure 2, and the results are listed in Table 5. The values 

of/increase from 6.8 A to 9.5 A in the range of this experimen

tal temperature.

The isoequilibrium temperature, p evaluated from the 

elation"(厶◎厶(厶S与一AS히, where subscripts 1 p 

stand for 1 and p bars, respectively, and Figure 3 was 649 K. 

It turned out that the ionic equilibrium of zn-chloroaniline in 

acetate buffer solution is controlled by enthalpy.17 These fact 

is supported by the phenomena that values calculated from 

Figure 4 increase with enhancing pressure but 厶 S evalues are

TABLE 6: Thermodynamic Parameters of M-Chloroanilimuni Ion in

Water-Ethanol Mixture at 20°C and 0.04 m이 kg-1

p (bars) 1 500 1000 1500

厶反은 (kcal mol-1) 0.53 0.71 0.96 1.20

厶G© (kcal mol-1) 5.98 6.16 6.29 6.24

zlSe(e.u.) -18.6 -18.6 -18.1 -17.8

nearly constant as shown in Table 6.
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