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Ultrasonic Studies of Molecular Interactions in the Solution of 
Manganese Soaps 

Krlrhna N. Yehrotra, Klrtl Tandon, and Manoj K. Rawat' 
Department of Chemlstty, Institute of Baslc Sclences, Agra Unlverslty, Khandhrl, Agra-282 002, Id& 

Ultramonk measurements were made on manganese 
soaps (caproate, caprylate, and caprate) In propan-1-01 
wlth a vkw to determine the crltlcal mlcellar 
concentratlon (cmc), soap-solvent Interactlon, and varlous 
acourllc and thermodynamk parameters. The values of 
cmc decrease wlth the Increase In the chaln length of the 
soap. The ultramlc veloctty, apparent molar 
comproulblllty, and apparent molar volume of the oolutlon 
of manganom soaps Increase whlle the adlabatlc 
comproulblllty and wlvatlon number decrease with 
Increasing concentratlon of the soap. The results 
sugge$ted that there Is a rlgntflcant Interaction between 
tho wap and solvent molecules In dllute rolutlons and the 
soap molocules do not aggregate appreclably above the 
cmc. 

Introduction 

Metal soaps are widely used In different industries, and they 
play an Important role in colloid phenomena. The physico- 
chemical characteristic and the structure of these soaps de- 
pend largely on the method and conditions of preparatlon. The 
method of preparation, properties, and uses of metal soaps 
have been reviewed by several researchers ( 7 -5). The study 
of molecular Interactions has been a subject of extensive ln- 
vestlgations by IR (6, 7), NMR (8 ,  9),  Ramen (70), and ultra- 
sonic absorption ( 7 7- 73) measurements. The complementary 
use of ultrasonic measurements can provide interesting infor- 
mation on the speciflcitks of ion-solvent interaction related to 
the structure of the solute and on the reciprocal effects which 
arise In the solvents. However, the studies on ultrasonlc 
measurements of the soap solutlons have not drawn adequate 
attention, although such a study is likely to glve more lnforma- 
tlon on the soap-solvent lnteractlon. 

The present work deals with the measurements of the ul- 
trasonlc velocity of the solutions of manganese soaps In pro- 
pan-1-01, and the results have been used to study the solute- 
solvent Interadon and to evaluate the cmc and various acoustic 
and thermodynamic parameters. 

Exporlmental W l o n  

Chemicals used were AR/QR (E. Merck) grade. The man- 
ganese maps (caproate, caprylate, and caprate) were prepared 
by direct metathesis of the colTesponding potassium soap with 
the requlred a " t  of aqueous solution of manganese acetate 
at 50-55 O C  under vigorous stirring. The precipitated soaps 
wem washed wtth water and acetone to remove the excess of 
metal ions and unreacted acid. The purity of the soaps was 
checked by elemental analysis, and the results were found to 
be In agreement with the theoretlcaily calculated values. The 
absence of a hydroxyl group In the soaps was conflrmed by 
their I R  spectrum. 

The ultrasonic velocity measurements were recorded on a 
multifrequency ultrasonic Interferometer (M-83, M b l  Enter- 
prises, New Delhi) at 40 f 0.05 O C  uslng a crystal of 1-MHz 
frequency. The uncertainty of velocity measurements is 
10.2 % . The densltles of the solvent and the solutions were 
measured with a dilatometer. The volume of the dilatometer 

was 15 cm3, and the accuracy of the density results was 
fO.OOO1. 

The adiabatic compressibility, P, apparent molar compres- 
sibility, c$ K, apparent molar volume, c$v (74) ,  and solvatlon 
number, S, (15) were calculated by uslng the following rela- 
tionshlps: 

p = p p - 1  (1) 

4v = (~ooo/cP,Kp, - P) + W P ,  (3) 

S" = (n,/nK1 - 0P/n00$0) (4) 

where u,  u,; P, P,; 8, Po; and 0, Po are the ultrasonic vekity, 
density, adlabatlc compressibility, and molar volume of the so- 
lution and solvent, respectively, n and n, are the number of 
moles of the solute and solvent, respectively, and M, K, and 
c are the molecular weight of the solute, temperature-de- 
pendent Jacobson's constant, and concentration (mol dm3). 

Results and Dlrcurlon 

The ultrasonic velocity, u ,  of the solutions of manganese 
soaps (caproate, caprylate, and caprate) in propan-1-01 In- 
creases with Increasing concentration of soap and with the 
chain length of the soap (Table I). The varlatlon of ultrasonic 
velocity with soap concentration depends on the concentration 
derivatives of density, p ,  and adiabatic compressibility, 8: 

The results show that the densky increases while the adlabatic 
compressibility decreases with Increasing soap concentration: 
Le., the quantity dpldc is positive, while d@/dc Is negative. 
Since the values of [(l/&dj3/dc)] are larger than the values 
of [( llpXdpldc)] for these soap solutions, the concentration 
derivative of velocity duldc is posltlve: i.e., the ultrasonic ve- 
locity rises wlth soap concentratlon. 

The plots of ultrasonic velocity vs soap concentration for 
solutions of manganese soaps in propan-1-01 show a break at 
a deflnlte soap concentration which corresponds to the cmc of 
the soap. The cmc decreases with Increasing chain length of 
the soap (Table 11). The mlcelllzatlon process Is due to the 
energy change arising from the polar head groups of the soap 
molecules. The micelles are held together by van der Waals 
forces acting between the hydrocarbon chains of parallel layers 
and strong dipole-dlpole Interactions between polar heads. 

The variation of ultrasonic velocity, u ,  with soap concentra- 
tion, c, follows the relatlonship 

u = u , + Q c  (6) 

where u, is the ultrasonic velocity In pure solvent and Q is 
Garnsey's constant (76). The calculated values of Garnsey's 
constant increase wlth increasing chain length of the soap 
molecule. The plots were extrapolated to zero soap concen- 
tration, and the extrapolated values of velocity, u,, are in close 
agreement with the experimental velocity (1 124.6 m/s) In sob 
vent, indicating that the soap molecules do not aggregate up 
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Table I. Ultrasonic Velocity u, Denrity p, Adiabatic Compressibility 8, Apparent Molar Compressibility h, Apparent Molar 
Volume &, and Solvation Number S, for Manganese Soaps (Caproate, Caprylate, and Caprate) in Propan-1-01 at 40 i 0.05 O C  

0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.010 

0.001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.010 

0,001 
0.002 
0.003 
0.004 
0.005 
0.006 
0.007 
0.008 
0.009 
0.010 

0.7934 
0.7935 
0.7936 
0.7937 
0.7938 
0.7939 
0.7941 
0.7945 
0.7948 
0.7952 

0.7934 
0.7936 
0.7937 
0.7938 
0.7939 
0.7941 
0.7945 
0.7949 
0.7952 
0.7956 

0.7935 
0.7936 
0.7938 
0.7939 
0.7941 
0.7944 
0.7948 
0.7953 
0.7956 
0.7960 

1125.2 
1126.1 
1126.8 
1127.6 
1128.3 
1129.0 
1129.4 
1129.5 
1129.8 
1130.1 

1126.3 
1127.4 
1128.4 
1129.5 
1130.5 
1131.1 
1131.4 
1131.6 
1132.0 
1132.4 

1127.2 
1128.6 
1130.0 
1131.6 
1132.8 
1133.1 
1133.4 
1133.6 
1133.8 
1134.1 

Manganese Caproate 
9.955 
9.938 
9.924 
9.910 
9.896 
9.882 
9.873 
9.866 
9.857 
9.847 

9.936 
9.914 
9.895 
9.874 
9.856 
9.843 
9.833 
9.824 
9.814 
9.802 

9.919 
9.893 
9.866 
9.837 
9.813 
9.804 
9.794 
9.785 
9.778 
9.768 

Manganese Caprylate 

Manganese Caprate 

21.03 
19.64 
18.18 
17.45 
17.01 
16.72 
15.98 
15.48 
15.18 
15.12 

40.03 
32.27 
28.27 
26.76 
25.26 
23.64 
22.41 
21.36 
20.46 
20.17 

58.29 
42.74 
38.35 
36.33 
34.37 
30.77 
28.52 
26.86 
25.08 
24.07 

63.54 
39.69 
31.74 
27.77 
25.38 
23.79 
24.92 
29.72 
31.70 
34.85 

63.53 
47.63 
37.03 
31.73 
28.55 
29.07 
33.97 
37.63 
38.72 
41.16 

79.41 
47.62 
42.31 
35.69 
34.89 
36.99 
40.75 
45.54 
45.74 
47.48 

21.47 
22.14 
21.02 
20.46 
20.13 
19.90 
18.78 
17.61 
17.00 
16.64 

46.97 
38.24 
34.00 
32.54 
30.86 
28.62 
26.45 
24.66 
23.41 
22.68 

69.78 
52.33 
46.97 
44.95 
42.40 
37.35 
33.93 
31.20 
28.77 
27.48 

Table 11. Values of Cmc and Constants of Equations 7-9 for Manganese Soaps in Propan-1-01 at 40 i 0.05 "C 

cmc x IO3/ C x 101 -bK0 x io'/ -4"" I SK x 41  
soap (dm-3 mol) (mol-' 8-l dm') A X 1O'O E X 108 (m5 N-' kg-' mol-') (dm3 mol-') dml3l2 N-' kg-') ( m o W  dm9l2) 

caproate 6.1 812.5 -19.5 0.8 
caprylate 5.6 1Ooo.o -34.5 1.6 
caprate 5.1 1400.0 -52.0 2.8 

to an appreciable extent above the cmc. 
The adiabatic compressibility of the solution of manganese 

soaps decreases with the increase In soap concentration as 
well as with the chain length of the soap (Table I). The de- 
crease in adlabatk compressibility is attdbuted to the fact that 
the soap molecules In dilute solutlons are considerably ionized 
into metal cation Mn2+ and fatty acM anions RCOO- (where R 
is CsHll, C7Hll, and C&, for caproate, caprylate, and caprate, 
respectively) and these ions are surrounded by a layer of sol- 
vent mdecules f h l y  bound and orlented toward the bns. The 
orientetkn of solvent moiecuk around the Ions is attributed to 
the influence of the ekctroscatlc field of the ions, and thus, the 
internal pressure increases, which lowers the compressibility 
of the soap solutions; Le., the solutions become harder to 
compress (77). 

The plots of adlabatic compressibility, B, vs soap concen- 
tration, c ,  indicate a break at a definite soap concentration 
which cmesponds to the cmc of these soaps. The P-c plots 
are extrapdated to zero soap concentration, and the ex t rap  
iated values of adiabatic compressibility, Bo, are in close 
agrement with the experlmentai value of adiabatic compres- 
slMllty of propan-1-01 (9.971 X 

The results of adiabatic compressiMlity have been explained 
In terms of Bachem's equation (78) 

@1(m2 N-l) = 

m2 N-l). 

B0/(m2 N-') + A(c/(dm3 mol-')) + B(c/(dm3 m01-l))~'~ (7) 

23.5 0.68 0.9 
43.5 0.96 1.8 
54.5 1.10 3.1 

6.2 
10.4 
12.2 

where A and B are constants, c is the molar concentration of 
soap, and B and Bo are the adiabatic compressibilkies of the 
sdutkn and solvent, respectively. The constants A and B have 
been determined from the Intercept and slope of the plots of 
(@ - B0)/c vs c112 and are recorded in Table 11. The values of 
A decrease while those of B increase with increasing chain 
length of the soap molecule. 

The values of apparent molar compressibility, $K, and ap- 
parent molar volume, 4 increase with lncreaslng soap con- 
centratbn (Table I). The values of apparent molar volwne are 
found to be negathre for small soap concentrations which 
suggests that when a small amount of soap Is added to the 
solvent, there is an inltial decrease in the molar volume of the 
sokrtkn. Thismaybeduetothephenomenonofekctrostrictkn 
In whlch the catbns Mn2+ with a strong electric field pack 
solvent rolecubs around themsehres in a smaller volume than 
In the bulk of the solvent. 

I t  follows from Debye-Huckei's theory and Masson's equa- 
tion ( 79) that the apparent molar compresslblllty, 4 K, and ap- 
parent molar volune, 4 ,  are related to the molar concenbatkm 
of the soap by the relationships 

and 
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where and +,,’ are iknltlng apparent molar c0mpressiMlty 
and iimltlng apparent molar volume, respectlvely. SK and S, 
are constants. The values of $J and $J ,O and constants SK 
and S, have been obtafned from the intercept and slope of the 
plots of + K  vs c1I2 and $Jv vs c ” ~  below the cmc and are 
recorded in Table 11. The comparison of the data with that of 
electrolytes (20) shows that these soaps behave as simple 
electrolytes In dilute sdutlons. 

The values of solvation number, S,, of the solutions of 
mengenese soaps in propan-14 decrease wtth increasing soap 
concentratkn (Table I). The plots of S, vs c are characterized 
by a break at the cmc. The values of the solvation number 
exhiblt a marked change above the cmc which may be attrib- 
uted to more intake of solvent molecules above the cmc to 
reduce the reputshre forces acting between polar heads of h l c  
micelles. 

Data on ultrasonic velocity show that the manganese soaps 
behave as simple electrolytes in sdutlons. The resutts confirm 
that there Is a significant interactlon between the soap-solvent 
molecules in dilute solutions, and the soap molecules do not 
aggregate appreciably above the cmc. 

8819-13-2 manganese caprate, 7436-88-4; l-propanol, 71-23-8. 
R- No. MeWne~e q o e t e ,  18571-42-9; mangem ceprylete, 

Litoratun Citod 
(1) BOSSWt, R. Q. J .  Chem. Muc. 1950, 27, 10-15. 
(2) Reed, P. D. J. Am. Pwfum. A~~x?W. 1961, 76 (3), 49-50. 
(3) Kambe, H. Buw. Chem. Soc. Jpn. 1961, 34, 1788-90. 
(4) Mahendra, K. N.; Parashar, Q. K.; Mehrotra, R. C. Synth. Rwd. 

(5) Herron, R. C.; Plnk, R. C. J .  Chem. Soc. 1956, 394652. 
(6) Grunweld, E.; cobwn, W. C. J .  Am. Chem. Soc. 1956, 80, 1322. 
(7) ~ s h a i l ,  N. D.; Sa&, E. L. J.  Am. chem. SOC. 1951, 73, 5414. 
(8) Un, W.; Tsay. S. J. J.  h y s .  chem. 1970. 74, 1037. 
(9) schnelder, W. Q. I n  6ondlng; Hadrl, D., Ed.; Pergamon 

Press: London, 1959; p 55. 
(10) Plmentel, 0. C.; Macbkn, A. L. The Hydpgen Bond; W. H. Freeman 

and Co.: Sen Franclsco, 1960 p 67. 
(11) Mehrotra, K. N.; Rawat, M. K. I M n  J .  Pure Appl. phvs. 1091, 29. 

(12) Mehrotra, K. N.; Tandon, K. Monetsch. Chem. 1990, 721, 577-84. 
(13) W o t r a ,  K. N.; Tandon, K. Aawst. Leff. 1990, 13, 205-8. 
(14) Renand, P. Chkn. Anal. (Pa&) 1964, 46(5), 227. 
(15) Pasynskii, A. Acta physlcoahhn. M S S  1988, 8, 357; Russ. J .  pnys. 

Chem. ( E M .  Transl.) 1988, 1 1 ,  451. 
(18) Gamsey, R.; Boe, R. J.; Mahoney, R.; Litovltz, T. A. J .  Chem. h y s .  

1969, 50, 5222. 
(17) Prakash, S.; Icinaporia, F. M.; Pandey. J. D. J .  pnys. Chem. 1964, 

58, 3078. 
(18) Bachem, C. 2. mys. A 1986, 107, 541. 
(19) M a w ,  D. 0. Mbs.  Meg. 1929, 8.  218. 
(20) Nigam, P. S.; Hasan. M. I M n  J .  Pure Appl. pnys. 1986, 24, 502. 

Im. Mst..Org. Chem. 1961, 1 7  (a), 187-96. 

131-33. 

Recelved for review June 20, 1991. Revised December 5, 1991. Accepted 
December 21. 1991. 

Excess Volumes of 1,2-Dibromoethane + I-Propanol, 4- I-Butanol, 
or + I-Pentanol from 293.15 to 333.15 K 

N. V. Choudary’ and A. P. Kudchadker 

DepLlrtment of Chemical Engineering, Indkn Insthte of Technobgy, Powai, Bombay 400 076, India 

Excess molar vohmos V e  of 1,2dlbromoethane with 
l-propad, l-butad, and l-pontad havr beon 
mowrod at flvo tomporaturos, from 293.15 to 333.15 K. 
NMR rMtk havo ako boon roportod tor the mhrturos of 
1,2dbotnodhano with l-butanol at 303.15 K. V e  k 
poSnlv0 In all tho mixtures studlod over the whole range of 
compodtknr at all tomporaturos and Incroaur In the 
ordor l-pontad > l k n a d  > l-propanol. The 
tomporaturo coofficknt of VE k porltlvo. The m i v e  
oxcus W a r  voiumoa have boon ascribed to 
doas8ociatlOn of solf-amoclatod alcohol awrogater. 

Introductkn 

We report new data on excess molar volumes, VE, for three 
binary mixtures of 1,2dibromoethane with 1-propand, 1-buta- 
nd, and lpentand as a function of temperature from 293.15 
to 333.15 K. We also report NMR chemical shifts for the 
mixtures of 1,2dibromoethane in l-butanoi at 303.15 K. The 
experimental resutts have been used to examine the effect of 
hydrogen bonding between like and unlike molecules of VE. 
The results have also been used to study the effect of tem- 
perature on VE. 

To whom ccfrespo”e should be addressed at the Research Centre, 
Indian Petrocbmlcals Corp. Ltd., Baroda 391 346, Indla. 

Table I. Normal Boiling Points, Tb, and Densities, p ,  of 
Pure Components 

~(303.15 K)/ 
Tb/ K (kg m-3) 

comDonent this work lit. (2) this work lit. (3) 
1,2-dibromoethane 404.15 404.51 2158.9 
1-propanol 370.10 370.301 795.36 795.61 
1-butanol 390.65 390.875 802.51 801.91 
1-pentanol 410.65 411.133 806.94 807.12 

Experhnental Sectlon 

-ratus and -0. The batch dilatometers used for 
measuring VE were similar to that described by Choudary and 
Naldu ( 1 ) .  The mixing cell contained two bulbs of different 
capacities that were connected through a U-tube with mercury 
separating the two compartments. One end of the first bulb 
was fltted with a capillary outlet, and the opposite end of the 
second bulb was closed with a Teflon stopper. Twelve dila- 
tometers of this type were used to cover the whole range of 
compositions. The composition of each mixture was deter- 
mined directly by weighing. After the experiment a few mix- 
tures were anatyzed on GC (Schimadzu GC, RlA, dual column 
gas chromatograph with flame ionization detector) to confirm 
the correctness of the compositions of mixtures. The mea- 
surements were made using a thermostatic bath controlled to 
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