
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

An NMR Study of Outer-Sphere Interactions of BF4
- Anions with

Paramagnetic Ions
V. A. Shcherbakova; B. N. Chernyshova; R. L. Davidovicha

a Institute of Chemistry, Far East Research Center, Academy of Sciences of the USSR, Vladivostok-22,
USSR

To cite this Article Shcherbakov, V. A. , Chernyshov, B. N. and Davidovich, R. L.(1972) 'An NMR Study of Outer-Sphere
Interactions of BF4

- Anions with Paramagnetic Ions', Spectroscopy Letters, 5: 6, 213 — 220
To link to this Article: DOI: 10.1080/00387017208064955
URL: http://dx.doi.org/10.1080/00387017208064955

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387017208064955
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 5 ( 6 & 7 ) ,  213-220 (1972) 

AN NMR STUDY OF OUTER-SPIIERE INTENICTIONS OF BF';; ANIOl?S 'iflTH 
PAIIRIL&GBETI C I O N S  

KEY JORDS: out er-sphere a s soc ia t e s ,  WMR spectra,fiuoroborates 

v . A .  Shcherbakov, B.N. Chernyshov and R.L. Davidovich 

I n s t i t u t e  of Chemistry,  Far Eas t  Research Center, Academy 
o f  Sciences of t h e  USSR, Vladivostok-22, USSR. 

The s igni f icance  and r o l e  o f  out er-sphere i n t e r a c t i o n s  

f o r  t h e  chemistry of  complex compounds and s o l u t i o n s  have 

been discussed i n  t h e  l i t e r a t u r e  time and again. The 

exis tence of  t h e  complexes p e r  s e  i n  so lu t ions  i s  determined 

not only by t h e  i n t e r a c t i o n s  o f  t h e  c e n t r a l  i on  with t h e  near- 

by l igands ,  but a l so  with t h e  p a r t i c l e s  of t h e  o u t e r  o r  se- 

condary coordination sphere. Now, while "intra-sphere" com- 

p lexes  may be both l a b i l e  and i n e r t  with respect  t o  t h e i r  

k i n e t i c  behavior i n  so lu t ions ,  out ex-sphere compounds a r e  

predominantly l a b i l e .  Inasmuch as  t h e  majori ty  o f  outer-  

sphere compounds cannot be i s o l a t e d  from so lu t ions ,  NMR-spec- 

troscopy i s  e s s e n t i a l l y  one o f  t h e  most convenient methods 

for t h e i r  study. Natura l ly ,  such i n v e s t i g a t i o n s  a r e  compli- 

cated by an exchange o f  p a r t i c l e s  cons t i t u t ing  a s soc ia t e  com- 

pos i t i ons ,  and this exchange may be s u f f i c i e n t l y  rap id  t o  

present  i n t e r e s t  i n  i t  s e l f .  

I n  t h i s  communication, t h e  inves t iga t ion  r e s u l t s  on am- 

monium t e t r a f luo robora t e  so lu t ions  containing a s e r i e s  o f  

paramagnetic i o n s  co , N i  , Cu2+, Mn and C r  a r e  reported-  
Solut ions o f  f luorobor ic  acid diamagnetic salts were s tudied 

2+ 2+ 2+ 3+ 
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3-9 It was shown that t h e  BF- anion, by various methods. 
4 

considered s imilar  t o  perchlorate 3 , forms various ion ic  pa i r s  

whose s t a b i l i t y  depends on t h e  nature o f  the cation and sol-  

vent. 4-6 Paramagnetic solut ions of te t raf luoroborate  have 

not been studied; meanwhile, due t o  the electronic-nuclear 

Fermi AIS-int eraction, precisely these solut ions p r w i d e  va- 

luable  data  on outer-sphere associates.  

Paramagnetic ions  i n  aqueous solutions lead t o  a s h i f t  

and broadening of  19F and 'H NBIR l inea  o f  BFi  -ions a d  ~~0 

molecules, respectively. The concentrat ional  dependencies 

of  t h e  paramagnetic shift o f  f luorine and proton NbfR spectra,  

6, and cH, a8 well a s  t h e  widths o f  t h e  l i n e s ,  AHp andAHH, 

a r e  l i n e a r  and prac t ica l ly  do not depend on the presence o f  

ammonium i o n s  (see Table). These dependencies ind ica te  t o  

t h e  formation of l a b i l e  compounds o f  hydrated cations and 

B F i  and a r e  essent ia l ly  caused by processes of rapid anion 

and water molecule exchange between f r e e  and coordinated 

s ta tes .  Their  l i n e a r i t y  i n  t h e  concentration range studied 

ind ica tes  t o  a constancy i n  t h e  composition of t h e  compounds 

fonned. 

To determine t h e  compound composition, the  water mole- 

cule and anion exchange rates and dissociat ion degrees were 

decreased t o  t h e  utmost by introducing acetone." The posi-  

t i o n  o f  t h e  signal of coordinated water molecules i n  an ace- 

tone solution o f  cobalt te t raf luoroborate  hexahydrate i s  i n  

good agreement with t h e  EH value of cobalt perchlorate 

hexahydrate i n  aqueousII and ace tongo solutions,  as well 
as with the value obtained f o r  an aqueous 3.4 m o l a l  solution 
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AN NMR STUDY OF OUTER-SPHERE INTERACTIONS 

T A B U  
Chemical shifts, l i n e  widths and i s o t r o p i c  hyperf ine i n t e r -  
a c t i o n  cons tan ts  o f  19F i n  ammonium t e t r a f l u o r o b o r a t e  aque- 

ous so lu t ions  containing paramagnetic i o n s  (I Nole/l). 

co2+ xi 2+ cu2+ cr3+ 

&19p(p.p.m.) -10.5 -8.0 -1.5 -I. Of+ -4.5 

* H E I F  (Ha) 60 64 75 60** 200 

(A/h) x 105 +0.37 +0.40 +0.64 +0.70 +0.20 

* a l l  s h i f t s  a r e  given i n  r e l a t i o n  t o  aqueous so lu t ion  of 
ammonium te t r a f luo robora t e  (1.5 LIole/l). 

* i t  at  Mn2+concentration equal t o  0.04 Lfole/l. 

i- of CO(H20)6BF4 equal  t o  -98-3 p.p.m. a t  -65OC. This  s ign i -  

f i e s  t h a t ,  i n  an acetone so lu t ion ,  coordinat ion of BF: anions 

occurs  i n  the o u t e r  sphere o f  Go2+ without apparent v io la t ions  

o f  t h e  aquacomplex s t ruc ture .  It i s  equally important that 

t h e  r a t i o  bHH/@.Hp i s  greater than  the  un i ty  f o r  all the i o n s  

s tud ied ,  i . e .  t h e  d i s t a n c e  between f l u o r i n e  a toms and para- 

magnetic i ons  i s  somewhat l a r g e r  than  t h e  d i s t ance  between 

t h e  ions  and pro tons  o f  coordinated water molecules. The 

A H ~ / A H ~  r a t i o s  areequal  t o  1.6;  2 . 3 ;  3 . 2 ;  8.0 and 10 f o r  

Co2+, N i 2 + ,  Cu2+, Mn2+ and C r p ,  r espec t ive ly .  

i t  should be noted that t h e  constants o f  the  hyperf ine iso- 

t r o p i c  i n t e r a c t i o n  A/h f o r  "I? measured i n  aqueous s o l u t i o n s  

o f  ammonium t e t ra f luorobora t  e with v a r i o u s  paramagnetic i ons  

and given i n  t h e  Table for a I mole/l concentrat ion,  a r e  a l -  

mostequal t o  t h e  A/h va lue  o f  311 for free water molecules 

present  i n  t h e  second coordinat ion sphere o f  t h e  paramagnetic 

Furthermore, 
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ions. The l a t t e r  equals 0.3xI03 with Co2+ solutions. Hence, 

i n  aqueous solutions of t h e  paramagnetic salts studied, BF: 

anions fom lab i l e  outer-sphere associates whose compositions 

include essentially unchanged cation hexaquacomplexes. 

Dilution d t h  acetone of aqueous solutions o f  paramagne- 

t i c  metal s a l t s ,  a s  well a s  dissolution o f  t h e i r  hexahydrates 

i n  acetone, leads t o  rF andWF increase (see Figure). 

both cases, this i s  caused by a sharp change i n  the solvent 

d ie lec t r ic  constant and a drop i n  the exchange r a t e ,  which, 

i n  turn,  increase t h e  association degree of aquaions and 

B F ~  anions. 

t erature 4-7'9 concerning t h e  nature o f  t he  M(HzO)~(BF~)~ 

ion ic  pa i r s ,  where M i s  the  metal, n24-6 and q=I-2. A t  the 

same time, basing on t h e  r e su l t s  obtained, the authors o f  t h e  

above papers have quite convincingly indicated t o  t he  s l ight  

probability o f  intraspheric ionic pa i r s  being present i n  such 

systems, i.e. t o  the absence o f  direct  contact o f  the BFi 

ions with the  metal ions. However, the outer-sphere associ- 

varia- a t e  model cannot ful ly  explain nei ther  the JII 

t ion ,  nor the changes i n  the  19F NMR chemical shifts o f  EF- 
4 

in &iff erent solutions o f  tetrafluoroborate salts. A consi- 

deration of the  B-P...H-0 hydrogen bond could p a r t i a l l y  ex- 

plain mme of the  data so f a r  obtained. 

weak and, apparently, cannot cause the existence of associates; 
4 t h i s  circumstance pias previously discussed by Gillespie et a l .  

In  

There a re  several contradictory assumptions i n  the  li- 

B- 19p 

Yet, this bond i s  t o o  

The said associates a re  most probably outer-sphere ionic  

p a i r s  with complex dynamic bonds depending on the cation n8- 
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AN NMR STUDY OF OUTER-SPHERE 

C . m o l i l  

INTERPXTIONS 

6,. pprn  

F I G U R E  
H Concentrational dependencies SF and 8 

so lu t ions  of cobalt  and n i c k e l  t e t r a f l u o r o b o r a t e  at 2T°C. 
i n  water-acetone 

? C 

acetone o f  aqueous so lu t ions  

Ib an9+2b - d i  u t i o n  with water o f  acetone s o l u t i o n s  
o f  N i  and Cob+ sal ts ;  

I c  and 2c - d i l u t i o n  with acetone of acetone so lu t ions  
o f  N i 2 +  and Co2+ salts.  

sH: 3 -dilution withace tone  o f  acetone so lu t ion  o f  Co2+ 
C salt. 

t u r e  and i t s  so lva t ion ,  as wel l  as on t h e  mobil i ty  o f  BP;? 

nea r  t h e  metal ion, i .e .  on t h e  solvent composition. Indeed, 

on d i l u t i n g  the salts s tudied,  t h e  proton and f l u o r i n e  reso- 

nance l i n e  widths decrease,  and t h e  corresponding s h i e s  dis- 

p l a y  reverse  changes( see  Figure) 

l y  i n d i c a t e  t o  a d i s soc ia t ion  o f  uns tab le  i o n i c  p a i r s  i n  t h e  
F concentrat ion range s tudied ,  where r i s e  (JPH)c and f a l l  b p  

These r e s u l t s  unambiguous- 
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correspond t o  changes i n  t h e  composition of  t h e  second coor- 

d ina t ion  sphere o f  t h e  paramagnetic ions ,  this being q u i t e  ap-  

paren t  on d i l u t i n g  acetone so lu t ions  with water (dependencies 

I b  and 2b). 

s o l u t i o n s  (dependencies I c  and 2c; I a  and 2a) ,  though lead- 

Di lu t ion  wi th  acetone o f  both acetone and aqueous 

i n g  t o  d i s soc ia t ion ,  neve r the l e s s  i s  i n s i g n i f i c a n t  i n  t h e  

first case,  and i s  comparable t o  t h e  second with continuous 

d i l u t i o n .  Consequently, un l ike  i n  aqueous so lu t ions ,  a de- 

c rease  i n  s t e r i c  obs t ac l e s  i n  acetone so lu t ions  does nck 

lead  t o  complete d i s soc ia t ion  of i o n i c  p a i r s  a t  room tempe- 

rature. On the  contrary,  i t  c r e a t e s  favorable  condi t ions 

f o r  t h e i r  exis tence.  I n  t h i s  case,  both t h e  chemical s h i f t  

and t h e  constant J IIB- 19F would probably be determined by 

a exchange not between f r e e  and bounded states, but 

between pseudo-free (outer-sphere) and coordinated s t a t e s ;  

t h e  same process  os tens ib ly  t a k e s  p l ace  i n  concentrated 

( 7 2.5 molal)  aqueous so lu t ions .  Now, t h e  quest ion a r i s e s  

as t o  t h e  na tu re  of t h e  c o o r d i n a t d s t a t e .  Apparently, t h e  

weak d i s soc ia t ion  BF4(=z lBF3F] -* BF3 + F-) sharply inc reases  

when BFi i s  s i t u a t e d  nea r  t h e  hydrate  shell o f  multicharged 

metal  iona tending towards hydrolys is ,  s i n c e  one o f  t h e  

€3-B and 0-H bonds weakens at BF- and coordinated water mole- 

cules.8 

formation of a spec ies  similar t o  BF30H- i s  poss ib le ,  t h e  

said spec ie s  being more inc l ined  towards coordination. Such 

a rap id  process  would s l i g h t l y  d io turb  t h e  first coordina- 

t i o n  sphere ( t h e  proton shift  o f  coordinated water molecules 

is equal t o  -96 p.p.m.) , though it  could give r i s e  t o  con- 

- 

4 
A s  a r e s u l t  of  such instantaneous d is turbance ,  
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s ide rab le  f luo r ine  s h i f t s  i n  3Fi (appmx. -50 p.p.m. ) . 
i s  noteworthy t h a t  t h e  paramagnetic s h i f t s  of 19F i n  t h e  

system KBF3oH - C02+, which we measured beforehand, a r e  

high enough (-60 and -185 p.9.m. i n  concentrated aqueous 

and acetone so lu t ions  a t  3OoC, r e spec t ive ly ) .  

t ime, i t  should be noted t h a t  d i r e c t  exchange between BF; 

It 

A t  t h e  same 

and BF30H- i s  very weak. 4 * 7  However, exchange i n  accord 

with t h e  mechanism accompanied by formation of B F- as an 

intermediary s tage  i s  qui te  probable. 
2 7  4 

I n  conclusion, rve viould l i k e  t o  po in t  out t h a t  t h e  

s t r u c t u r e s  o f  t h e  a s soc ia t e s  formed a r e  t o  be t h e  t o p i c  o f  

ou r  fu tu re  communications, t h e  s t a r t i n g  da ta  being t h e  tem- 

pe ra tu re  dependencies of '11 and 19, spec t ra ,  as wel l  as of 

I I B  i n  d i f f e r e n t  so lu t ions .  

A CKN0iVI;EDGMEN TS 

The au thors  a r e  much indebted t o  J . C .  Shapiro f o r  

t r a n s l a t i n g  the  a r t i c l e  from t h e  Russian. 

REFERENCES 

1- V.E. Mironov. Uspekhi Khimij i ,  - 3.5, 1102 (1966). 

2. D . J .  Hewkin and R-I-I- Prince.  Coord.Chem.Revs.,2, 45 

3 .  1 . G .  Ryss. Khimija f t o r a  i ego neorganicheskikh so jed i -  

4. R.J. Gi l l e sp ie ,  J.S. Hartman and M. Parekh. Can.J.Chem., 

5 .  R. IIaque and LOW. Reeves. Can.J.Chem., 44, 2769 (1366). 

6. R. Haque and L.W. Reeves. J.Phys.Chem., 70, 2753 (IWX).  

7 -  K. Kuhlmann and D.M. Grant. J.Phys.Chem., 68,  3208 (1964). 

(1370). 

nen i j  Goskhimizdat, l!oskva, 1956. 

- 46, 1601 (1968). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



SHCHERBAKOV, CHERNYSHOV, AND DAVIDOVICH 

8.  I - G o  RYSS and I.V. Radchenko. Z h . s t r u k t . k h i m i j i ,  I 6,  449 
(1965); 5 ,  507 (1965). 

9 .  2.J. G i l l e s p i e  and J.S. H a r t m a ,  J.Chem.Phys. ,B, 2712 
(1966) 

10. A*P. Gulja, V.M. Vdovenko, 1S.V. Morkovkin, N.I. Chepur- 
n i k h ,  V.A. Shcherbakov and A.V. Ablov. Tez i sy  I V  sovesh- 
chanija po p r imenen i ju  n o v e i s h i k h  p h y s i c h e s k i k h  metodov 
k i s s l e d o v a n i j u  k o o r d i n a t s i o n n i k h  s o j e d i n e n i j  . Rishinev, 
1971, P-479 

11. I?.A. Matvdyoff  and P.E. Darley. J.Phys.Chem., 2, 2659 
(1968) 

Received June 6 ,  1972 

Accepted June 21, 1972 

220 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


