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The subdivision of the viscosity B-coefficient in water assuming 
Bph4p+ = Bph~B- has been analysed at different temperatures. The results show 
the inapplicability of this assumption at temperatures below 30 °C. 

( Keywords: B-coefficient; ~Cater ; Subdivision) 

Beobachtungen zur Unterteilung des Viskositiits-B-Koe~J~zienten in Wasser 

(Kurze Mitteilung) 

Die Unterteilung des Viskosit£ts B-Koeffizienten in Wasser unter der 
Annahme Bph4p+ = Bph4B- wurde ffir verschiedene Temperaturen untersucht. 
Die ResuRate zeigen, dag bei Temperaturen unter 30°C diese Annahme 
unzul/issig ist. 

In a recent paper 1 a new criterion for separating the viscosity B- 
coefficient of the Jones-Dole equation 2 into ionic contributions in 
water, based on the equality Bph4p+=BFh~B-, was proposed. The 
splitting of the B-coefficient at 25°C by means of this method for 
different electrolytes in water - -compared  with the most accepted 
method suggested by Kaminsky 3, which assumes the equality 
B K ; =  BCl--gives perceptible differences exceeding largely the experi- 
mental error. Nevertheless, a rapid inspection of the results at higher 
temperatures reveals a better agreement between the two methods. 
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I n  the  p resen t  communica t i on ,  the  v i scos i ty  B-coeff ic ients  of  
aqueous  solut ions  of sod ium t e t r a p h e n y l b o r a t e  a t  15 and  35°C are  
r epor t ed .  W i t h  these  values ,  t oge the r  wi th  o the r  va lues  t a k e n  f rom the  
l i tera ture1,  4, an ana lys i s  of the  BM~4p+= Bpt~B- a s s u m p t i o n  has  been 
car r ied  ou t  a t  d i f ferent  t empe ra tu r e s .  

The experimental techniques and procedures for the measurements of the 
viscosities and densities of the electrolyte solutions have been described in 
detail before 5. 

The sodium tetraphenylborate was Fluka of reagent grade, it was 
reerystallized from acetone and dried at 80°C under reduced pressure. All 
solutions were prepared using distilled and previously deionized water. 

The  densi t ies  and  r e l a t ive  viscosi t ies  of  t e t r a p h e n y l b o r a t e  aqueous  
solut ions  were measu red  wi th in  a concen t r a t i on  range  of  0.004 to 
0 . 0 4 M  at  15 and  35°C. The  resul ts  a re  shown in Tab le  1. The  B- 

Table 1. Densities and relative viscosities of sodium tetraphenylborate aqueous 
• solutions at 15 and 35 °C 

15 °C 30 °C 
c/M c/M - 

dig ml 1 ~r dig m1-1 ~r~r 

0.004020 0.9994 1.0041 0.004000 0.9942 1.0043 
0.009676 0.9996 1.0119 0.009627 0.9944 1.0101 
0.01642 0.9999 1.0210 0.01634 0.9947 1.0187 
0.02883 1.0003 1.0386 0.02869 0.9950 1.0322 
0.04224 1.0020 1.0568 0~04203 0.9958 1.0466 

coefficients o b t a i n e d  b y  p lo t t i ng  (~r 1)/cl/2 vs. cl/~, are 1.28 and  1.05 dmS 
tool -1 a t  15 and  35 °C, respec t ive ly .  W i t h  these  B-va lues  and  o thers  
t a k e n  f rom the  l i t e r a t u r e  a t  d i f ferent  t e m p e r a t u r e s  1 the  sp l i t t i ng  of the  
B-coeff ic ient  for N a B P h  4 has  been car r ied  out  fol lowing Kamins~y ' s  
procedure .  I n  Tab le  2 are  r e p o r t e d  the  ionic B-coeff ic ients  for BPh¥  ion 
a t  15, 25, 30, 35, 40, and  50 °C, cons ider ing  Bh-~. = 0.086 d m  3 tool 1 a t  all  
t empera tu resS .  Also in Table  2 are  g iven  the  ionic B-va lues  for the  
PPhg ion o b t a i n e d  b y  the  same w a y  f rom the  B-coeff ic ients  of PPh4Br  
a t  d i f ferent  t e m p e r a t u r e s  1,4, t o g e t h e r  wi th  the  B-va lues  of t he  Br  ion 
used in order  ca r ry  ou t  the  subdiv is ion .  

• As can be seen f rom Tab le  2, the  B-coeff ic ients  for Ph4P + and  Ph4B 
ions are  p r a c t i c a l l y  the  same wi th in  the  e x p e r i m e n t a l  error ,  
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_+ 0 .0 i  d m  3 mo1-1, f rom 30 °C to h ighe r  t e m p e r a t u r e s .  A t  t e m p e r a t u r e s  
below 30°C the  dif ferences  be tween  b o t h  coeff icients  become more  
s ign i f ican t  and  are  g rea t e r  w i th  decreas ing  t e m p e r a t u r e .  This  fac t  

ev idences  t he  d i f fe ren t  so lva t ion  effects for Ph4B and  Ph4P- ions in  
wa te r  a t  t e m p e r a t u r e s  below 30 °C, which  leads  to e r roneous  ionic B- 

coefficients ,  if  one assumes  the  c r i te r ion  Bph4p+ = Bph4B as a m e t h o d  of  
subd iv i s ion  of  B. 

F r o m  a v a r i e t y  of s tudies  i t  has been conc luded  t h a t  Ph4P+ and  
PhaB- ions i n t e r a c t  wi th  w a t e r  molecules  in a d i f ferent  fash ion  ~-s. 
A l t h o u g h  the  i n t e r ac t i ons  be tween  Ph4 P+ ion and  wa te r  molecules  a re  

Table 2. Ionic B-values (din 3 tool 1) Jbr Ph4 B-, Ph4 P+ and Br-  ions in wate~ ~ at 
different temperatures 

Temperature/°C 
Ion 

15 25 30 35 40 50 

Ph4B-a 1.33 1.08 1.05 0.96 0.94 0.86 
Ph4P+b 1.22 1.12 1.04 0.97 0.95 0.87 
Br 0.05 e -0.042 a - 0.028 e 0.022 e --0.017e 0.002 e 

a Data from Ref. 1, except at 15 and 35 °C which are from this work. 
h Ref.l,4. 
e gef.4. 
a Ref.a. 
e Values obtained from B-data for NaBr or Ref.% considering 

B~a+= 0.086dmamol- 1 at all temperatures; at 35°C, the B-value has been 
ob ta ined  by extrapolation from its temperature dependence. 

weak  because  the  charge  in the  cen t ra l  a t o m  is p a r t i a l l y  sh ie lded  due  to 
the  presence  of p h e n y l  g roups  i n t h e  ion 7. I n  the  o ther  hand,  i t  has been 
recognized  t h a t  Ph4B- ion fo rm a weak  h y d r o g e n  bond ing  since the  
w a t e r  molecules  can i n t e r a c t  w i th  the  m-electron orb i ta l s  of pheny l  
g roups  v. I n  th is  way ,  the  v a l i d i t y  of the  e q u a l i t y  Bph~p+= BPh4B_ at 
30°C and  h igher  t e m p e r a t u r e s ,  suggests  t h a t  an increase  in the  
t e m p e r a t u r e  p roduces  a decrease  in the  s t r e n g t h  of  these  weak  in ter -  
ac t ions  be tween  t e t r a p h e n y l  ions and  w a t e r  molecules  van i sh ing  gra-  
dua l ly .  Therefore ,  a t  these  t e m p e r a t u r e s  the  un ique  so lva t ion  effects for 
P h 4 P + " a n d  Ph4B ions are  p r o b a b l y  due  to i ts  s t r uc tu r e  b r eak ing  
ab i l i ty ,  wh ich  One can a s sume  iden t i ca l  for the  two ions, p r o v i d e d  t h a t  
t h e y  have  the  same vo lume  9. 



1354 J. Dom~nech: Viscosity B-Coefficient 

References 

1 Sacco A., de Giglio A ,  Dell'atti A.: J. Chem. Soc. Faraday I 77, 2693 (1981). 
2 Jones G., Dole M., J. Amer. Chem. Soc. 51, 2950 (1929). 

Kaminslcy M., Discuss. Faraday Soc. 24, 171 (1957). 
4 Ta]caizumi K., Walcabayashi T., Bull. Chem. Soc. Jpn. 49, 2194 (1976). 
5 Dom~neeh J ,  Costa J. M.: Electrochim. Acta 27, 1789 (1982). 

Jolicoeour C., Th~ N. D., Cabana A., C~n. J. Chem. 49, 2008 (1971). 
7 Coetzee J. F., Sharpe W. R., J. Phys. Chem. 75, 3141 (1971). 
s Jolieoeour C., Philip P. R., Perron G.: Leduc P. A., Desnoyers J. E., Can. J. 

Chem. 50, 3167 (1971). 
9 Krumgalz B. S.: J. Chem. Soc. Faraday I 76, 1275 (1980). 


