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Abrtrxt Molar niagnetic suscept ib i  1 i t i e s  are  determined by the Gouy 
method f o r  the fo l l ow ing  two systems: 1-propanol + methyl aceta te  and 
2-propanol + methyl acetate a t  298 K where the three molecules are  po- 
l a r  and the alcohol  molecules are associated i n  t h e i r  pure s ta te .  Ex- 
cess diamagnetic s u s c e p t i b i l i t i e s  are  ca lcu la ted t o  ob ta in  informat ion 
about poss ib le  i n te rac t i ons .  Diamagnetic s u s c e p t i b i l i t i e s  were re la ted  
w i t h  m l e c u l a r  p o l a r i z a b i l i t i e s  by Boyer- Donzelot 's  equation and com- 
pared w i t h  experimental resi i l  t s .  

1. INTRODUCTION 

The excess magnetic suscep t i b i l  i t y  X: i s  def ined as the d i f -  

ference between the experimental value and the l i n e a r  law value, as 

shown i n  eq. (1) 
E xM = xM - ("1x1 + "2x2) (i 

where x i s  the molar s u s c e p t i b i l i t y  o f  the so lu t ion ,  x1 and xz a re  M 
the molar s u & e p t i b i l i t i e s  o f  the pure components and xr and xa are  

the mole f rac t i ons .  

This magnetic behavior can g i ve  us informat ion about the pos- 

s i b l e  i n te rac t i ons  between the  components o f  the mixture.  

The fo l l ow ing  systems have been studied 

1-PR(I) +  MA(^) 1-propanol + methyl acetate 

2 - P R ( ~ )  +  MA(^) 2-propanol + methyl acetate 

I n  these systems the th ree molecules are  po la r  and the m l e c u l e s  o f  

both a lcoho ls  a re  associated by hydrogen bonds i n  t h e i r  pure s ta te .  

*To whom correspondence should be addressed. 
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An extension o f  Kirkwood's c o r r e l a t i o n  modi  f i e d  by B o y e r -  

~ o n z e l o t '  has been used t o  ca l cu la te  xM i n  a wide range o f  c o n c e n -  

t r a t i o n s ,  knowing the p o l a r i z a b i l  i t i e s  o f  the components and  t h e s e  

values have been compared w i t h  experimental ones. 

2. EXPERIMENTAL 

1 -propanol Merck (pur i ss) and 2-propanol Merck (pur i ss) were 

used wi thout  f u r t h e r  p u r i f  i ca t i on ;  methyl acetate Mal 1 inckrodt  (pur iss)  

was heated by r e f l u x  w i t h  ace t i c  anhydride and then d i s t i l l e d  over pot-  

assium carbonate. 

The b inary  systems were prepared by mix ing weighed amounts o f  

the pure l i q u i d s .  Caution was taken t o  prevent evaporation. 

Densi t ies were determined w i t h  a d i g i t a l  densimeter A . P . ,  DMA 
o 45. A the rmos ta t i ca l l y  con t ro l l ed  bath, constant t o  10.01 C was used. 

Temperatures were read from ca l i b ra ted  thermometers. The r e f r a c t i v e  

indices f o r  the sodium D l i n e  o f  the pure components and the mixtures 

were measured w i t h  a Jena d ipp ing refractometer i n  the same thermostat. 

Magnetic s u s c e p t i b i l i t í e s  were determined by the Gouy method 

using a M e t t l e r  H20T balance. Measurements were rnade i n  a 6.5 kG rnag- 

n e t i c  f i e l d .  The Gouy fo rce  ranged from 5 t o  1 5 ~ 1 0 - ~  kg. Water, twice 

d i s t i  l l e d  from a l k a l  ine  permanganate2 (X = - 0 . 7 2 0 ~ 1 0 ~  m3 kg-') and mer- 

c u r i c  te t ra th iocyanate  cobal t ( 1  1 1 )  (X = 1 6 . 4 9 ~ 1 ~ ~  m 3 kg-') were used 

as reference substances. 

The magnetic s u s c e p t i b i l i t y  i s  de f ined as 

where: 

xw = water magnetic s u s c e p t i b i l i t y .  

X a = a i r  magnetic suscept 

hm = weight d i f f e rence  o f  
W 

wi thou t  magnetic f i e  

h = weight d i f f e rence  o f  a 
wi thout  magnetic f i e  

b i l i t y  = 0.029x10-~ m3 kg-'. 

the  tube f i l l e d  w i t h  water, w i t h  and 

d. 

the tube f i l l e d  w i t h  a i r ,  w i t h  and 

d. 
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h = weight difference of the tube filled with solution, with 

and without magnetic field. 

Molar susceptibilities are obtained from the following equation 

where M is the molecular weight and p the density of the solution. 

3. RESULTS AND DISCUSSION 

Table 1 shows the experimental values of densities, refraction 

indices, molar susceptibilities and polarizabilities at 298.15K for 

the pure components, together with literature values for comparison. 

Table 1 - Densities, refraction indices, molar suscept i bi l i t ies and 
polarizabi 1 i ties for the pure components at 298.15K. 

P n -% x 1 012 a x 1030 

(kg m-3) 
D fm3 mo!-') (rn3 molec-' 

COMPOUND 

Exp. Lit. Exp. Li t. Exp. Li t. 

Polarizabilities of the pure components were calcu 

the Lorentz-Lorenz formula 

lated with 

where n is the refractive index, N is Avogadro's number anda thepolar- 

izabil ity. 

Densities, refraction indices and molar susceptibilities can 

be expressed by a polynomial function of the mole fraction of one of 

the components, as the following equation 
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P(x,) = xlP1 + x,P2 

where P(xl) represents the  property under considerat ion.  

The values adopted f o r  the c o e f f i c i e n t s  a (calculated w i t h  a i 
Vax 11/780) and the standard e r r o r  o f  the est imate are  sumnarized i n  

Table 2. 

Table 2 - Polynomial c o e f f i c i e n t s  o f  eq.(5) and standard dev ia t ions  

System a o a 1 a 2 a3 a4 a 

Each se t  of resu l  t s  o f  excess diamagnetic suscept ib i  1 i t i e s  was 

f i t t e d  wi t h  a Redl i c h - ~ i s t e r ~  form o f  the type 

n 

where a i s  the polynomial c o e f f i c i e n t  and n the polynornial degree.The 
j 

method o f  l eas t  squares was used t o  determine the values o f  the coef-  

f i c i e n t s  a I n  each case, the optimum number of c o e f  f i c i e n t s  was 
i' 

ascerta ined from an examination o f  the  v a r i a t i o n  o f  the standard er -  

r o r  o f  the est imate w i t h  n: 
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where n i s  t h e  number o f  measurements. 
obs* 

Table 3 shows t h e  va lues  adopted f o r  t h e  c o e f f i c i e n t s  a f o r  i 
t h e  two systems and t h e  r e s p e c t i v e  s tandard d e v i a t i o n s .  

Table 3 - Polynomial c o e f f i c i e n t s  a from eq.(6) and standard d e v i -  
a t i o n s ,  f rom eq. (7). i 

The d iamagnet ic  s u s c e p t i b i l i t y  can be r e l a t e d  t o  t h e  mo lecu la r  

p o l a r i z a b i  l i t y  by B o y e r - b n z e l o t ' s  equat ion l  f o r  o r g a n i c  compounds 

For m i x t u r e s ,  we can assume t o  a f i r s t  approx imat ion  t h a t  t h e a d d i t i v i t y  

law f o r  molar  d iamagnet ic  s u s c e p t i b i  1  i t i e s  i s  c o r r e c t ,  then" 

where ni i s  t h e  e f f e c t i v e  number o f  e l e c t r o n s  and a. t h e  molecular po lar -  z 
i z a b i l i t y  o f  component i. The e f f e c t i v e  number o f  e l e c t r o n s  can be c a l -  

c u l a t e d  by t h e  d i f f e r e n c e  

n! = ni - no 
2 

( 1  o) 

where n i s  the  number o f  va lence e l e c t r o n s  o f  component i and no a 
i 

c h a r a c t e r i  s t i c  cons tan t  f o r  every  fami l y o f  substances. For  a l c o h o l  s  

no = 2.6 and f o r  methy l  a c e t a t e  no = 8.3. Eq. (9) f o r  o u r  systems was 

n o t  i n  agreement w i t h  exper imenta l  r e s u l t s .  Making an adjustement  f o r  

Boyer-Donzelot 's  va lues ,  a b e t t e r  agreement i s  o b t a i n e d  w i t h  t h i s  ex- 

p r e s s i o n  
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where f = -3 .4509~10~  and b = - 0 . 4 9 6 ~ 1 0 - ~ ~  m 3  mo]-'. 

Table 4 shows ca lcu la ted diamagnetic s u s c e p t i b i l i t i e s  whichcan 

be compared w i t h  experimental values f o r  both systems. The agreement i s  

good . 

Table 4 - Values o f  mole f r a c t i o n ,  experimental and ca lcu la ted (eq.(12)) 

diamagnetic s u s c e p t i b i l i t y  a t  298.15 K. 

System 1-PR(I) + MA(2) System 2-PR(1) +  MA(^) 

F igure 1 shows the experimental values f o r  the excess magne- 

t i c  s u s c e p t i b i l i t i e s  as a f unc t i on  o f  the mole f r a c t i o n  o f  one o f  the 
L: components, i n  t t i i s  case the alcohols.  The values o f  x M f o r  both sys- 

tems are  p o s i t i v e  over the whole concentrat ion range. I n  the mix ture  o f  

a lcohols w i t h  methyl acetate,  the breaking o f  hydrogen bond i n  the a l -  

cohol molecule causes a p o s i t i v e  X E  A poss ib le  assoc ia t ion  w i t h  methyl 
M ' ~  

acetate yould o r i g i n a t e  a negat ive xM, and t h i s  dev ia t ion  i s  no t  ob- 

served i n  t h i s  case. 

~ o ~ a l a k r i s h n a n ' ~  reported posi t i v e  XE i n  mixtures o f  a lcoho ls  
M 
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Fig.1 - Excess molar suscept ib i  1 i t i e s  vs. mole 
f r a c t i o n s  xl f o r  the s tud ied systems a t  298.15K. 
Experimental r esu l t s :  ...; continuous curves 
were ca lcu la ted from eq. (6).  

w i t h  t r ie thy larn ine  o r  nitrobenzene w i t h  ethylamine; a l s o  Riggio e t  a213 
E 

reported posi t i v e  xM i n  mixtures o f  methyl isobuty lketone wi t h  a lcohols.  

I n  both systems, consequently, d ispers ion  forces are  dominant 

between po lar  rnolecules and i n  the  I-PR + MA system, the hydrogen bond 

O - H S . + O  i n  the alcohol  i s  st ronger than i n  the 2-PR i n  the other system. 

Other 

v iscos 

t i oned 

grant .  

excess thermodynamic proper t ies  l i k e  mola 

i t i e s  and excess molar en tha lp ies  seem t o  

resu l  tsl". 

The present work was f inanced by a CON 

excess volumes, excess 

conf i rm the above men- 
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Neste t rabalho f o i  determinado a suscepti b i  l idade magnética mo- 
l a r  dos sistemas: 1-propanol e 2-propanol + acetato de me t i l a  pelo me- 
todo de Gouy a 298,15 K onde as t r ê s  moléculas sao polares e as do á1- 
c001 estão associadas no estado puro. As possivei s iyteraçoes ent re  as 
moléculas são interpretadas através da suscept i b i  1 idade diamagnét ica  de 
excesso. A suscept ib i l idade diamagnética molar f o i  correlacionada com a 
po ia r i zab i l i dade  molecular por meio da equação de Boyer-Donzelot e a  com- 
paração com os dados experimentais é fornecida. 


