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SPECTROSCOPY LETTERS, 5(11), 421-428 ( 1 9 7 2 )  

TEMPERA- DEE%"CIES OF NBdR SPECTRA PBBBUIETERS IN 
SOUTTIONS 

KJE WORDS: IWR spectrum, temperature dependencies, fluoro- 
borates 

B.N. Cherpyshov, V.A. Sbcherbakov and R.L. Davidovlch 

Ins t i tu te  of Chemistry, F.E. Science Center, Ac. Sci. USSR, 
Vletdiv0~%0k-22, U.S.S*B. 

Despite nuemus studies on the anion indicating 

t o  its complex behavior i n  different solutions i n  the presence 

of different cations, it is still quite difficult t o  explaln 

this unambiguously. T b i s  i s  ostensibly due to the incomplete- 

ness of  experimental data both f o r  temperature dependencies 

and f o r  solution composi1~.ona3.  pak king this into account, 

we measured the dependencies of '?I? BTMB apectra i n  a broad 

range of temperatures and concentrations in aqueous and 

water-acetons solutions of Oo2+, Ni2+ and Zn2+ tetrafluombo- 

ra te  salts on "RYAd23O5" and "SWL 2-31/'10tt instrumcrnts in 

8phericd and cylindrical ampoules. 

were recorded both for EFh 

forming in insignificant quantities due to  the hydrolysis of 

the tetrdluoroborate d o n  in positively hydrated cation 80- 

lutions 

Tho said dependencies 

and l3P3OH- signals, the l a t t e r  

fl 

The contact chemical shiftdp of the "p4: anion in the ace- 
6 tone solutions of paramagnetic salts is rather large a t  30°C , 

being approximately -45 popom. fo r  Co2+ and 025 p.p.rn+ f o r  

pi2+ sa l t s ,  reepeotively; it changs~ s l igh t ly  i n  the, region of 
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CHERNYSHOV, SHCHERBAKOV, AND DAVIDOVICH 

concentrations l e s s  ehan 1 Mole/l (gp of BP3W being equal 

t o  

Ni2+, respectively). 

water lshexlply increases tbs dissociation of the forming com- 

plexes, as well a8 the exchange of water molecules between 

the hydrate ion she l l  and trhe solution per sea 'Phis,in turn, 

affects  the s p  value, which essentially tends towards an trar= 

bit rary aero" (position of the '?f! NliR signal for an aqueou6 

1 msle/l NHp4 solution) at infinite dilution. Our and other 

studies indicate t o  the predominant fornation iS the solutions 

of outer-sphere associates o f  the M(R20)6(BR4)2 type, even 

though thss does not eS1d.n the anomalous behavior of g2 

-180 pIpIm. and -100 p.p.mI for the salts of co2+ 

The introduction of 8maJ.l crmounts of 

arnd ~ ( 1 %  - %>. 
Big.? shows  the temperature dependencies of the paramag- 

netic shifts 8 of in the water-acetone solutions of co2+ 

and Hi2+ salts i n  the rrrnge between room temperature snd free- 

zing point. A l l  the plots are almost linear with a e l l  cur- 

vature depending on salt concatrat3oa and water molecule con- 

tent  whose re la t iomhip is expressed a8 P s 

P 

ImH 01 ~Im,l.1' 
A comparison of curves 1, 5 aud 7 ( F i g .  I) shows tha t  a t  

P = 6.6 with slowed-down exchange of BFi eplioae between free, 

and coordinated s ta tes ,  the curvature of the p lo ts  ilrcreaaes 

a t  low temperatures and lesser  salt concentrations; however, 

at temperatures of f r o m  -60 to -110' the curves are all ll- 

near. 
are similar t o  the concentration dependencies6, the only Bif- 

It is noteworthy tha t  the temperature doperndendea 

ferapce being that they do not reach "5ero" by 2 t o  5 p.p.rn. 
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TEMPERATURE DEPENDENCIES 

4.0 50 
1 3  

- 0  (0 6.0 T 

PIG. 1 
Temperature dependencies of the '% chemical shift in water- 
acetone solutions of Go2+ and Ni2+ tetrafluoroborates (curves 
7-7, see Fable) and in the acetone (0.3 mole/l> solution of 
Zn(BF4)2%E20 (curpes 8 and 9 for  Bl!; and Bp3a-, respectirnly) 
The sbifts were recorded in relation t o  an aqueous (I mole/l) 
IJE14BF4 solution. 
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CHERNYSHOV, SHCHERBAKOV, AND DAVIDOVICH 

Taking into consideration tba, slow exchange o f  wator 

molecules6 a t  temperatures below -40°C, we calculated the 

sffeotive AJS interaction conartantre for '% i n  the BFz 

i O R a  The A/h values obtained shorn in the Table. 

TABLG.- Constat values of isotropic byperfine ia teraot ion 
for " 9 ~  i n  water-aoetone s o l u ~ o n s  of oo2+ ~ m d  

Hi2+ tetrafluoroborates. 

lCme 

In the figure, curved 2,3 and 6 show the temperature 

dependencies o f  when PP6. In such soR~tiona,  the d i s -  

sociation increases 

BF'; a t  the hydration shell of the %-ions becomes less, 
this being iadicated by the l inear i ty  of the curves. 

this case, with salt concentration decrease and P increase, 

the "residual shiftn is only I pap.m. 

of A h  also decreases sharply and  drop^ below the zero mark, 

Since In aqueous solutions (curve 4, see Figure) A/h is al- 

ways positive. Similar dependencies were likeudse observei 

S P  
aad the residence time of 

I n  

5 effective value 

for water-acetone solutions of nickel tetrafluoroborate. 
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TEMPERATURE DEPENDENCIES 

The behavior of  A/h in mixed solutions resembles 

J(”B-’%) changes and is, ostensibly, due to  the propert ies  

of the  solvent. The low values of the ”residual ahifts” a t  

l o w  temperatures show t h a t  both contact and pseudocontact 

interact ions (if the l a t t e r  exist  at a l l ,  they should be 

maximum under these conditions) are essent ia l ly  insignificant 

for outer-sphere complexes. 

A l l  the r e s u l t s  so far obtained fo r  the E@G i o n  should, 

apparently, be t rea ted  on the basis  of the  various forms of 

i t s  existence i n  the solution spld near the  ca t ion ,  taking 

i n t o  account the nature of tbc l a t t e r .  It is common know- 

ledge t h a t  f o r  aqueous solutions of tetrafluoroborate s a l t s  

with negatively hydrated m;, (CH3)&@ and &+ cations, 

J(”B - IgF) l i e s  i n  the range of 1.5 2 0.05 Hz’*~.  

n i f ican t  amounts of  1 3 F 3 e  were observed i n  the solutions 

(even a f t e r  boiling them for several hours); this indicates  

t o  the s t a b i l i t y  of the Bpi 

posi t ively hydrated cat ions changes were observed f o r  both 

J(’% - ’%I and 

and sodium tetrafiluoroborates, a BP~OH- quartet  was recorded 

i n  the ’?F‘ spectrum with J(”B - ’%‘I = 12.7 5 0.3 Hz, loca- 

ted a t  -6.2 p.p.m. from the  BFG signal. More detai led stu- 

d i e s  of BF30H- i-21 the presence of F!J?i were not  conducted be- 

cause the quantities observed were too insignificant. 

We have studied the water-acetone solutxions of zinc 

tetrafluoroborate recording the I%‘ NMR specera for both EW’; 

apd ~~pj?, in which BFG/m3m-= 28. In the  concentration 

Bo sig- 

Emion. However, f o r  s a l t s  with 

For aqueous solutfons of lithium 

range of 0.4 t o  3.1 mole/l in aqueous solutions, J( l1 B- 1%) 
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CHEFTTYSHOV, SHCHERBAKOV, AND DAVIDOVICH 

change in a linear mrrnnnr from 1~27fO~O3 Hz to 2.&.05 Hz 
for B F ~  ttnd from 15.7+-0.5 HZ to  1 1 . 5 2 ~ 5  HS for BF~OH- 

(J('OB-%) = 0 . b . 0 5  HB spld isotopic shift S'=O.O~~ p.p.m. 

for intermediate concentrations of the '% spectra for 

anions). me 1% IIMR signal for in acetone solutions 

(0~1-0.7 mole/l) a t  temperatures of +30 to -115°C consists 

of two lines caused by an isotope shift of 0.055 p0plm. i n  

'OB and "B. 

from 4 to I H e .  

with J=9.$0.3 Hz in 8 temperature range of from +42 t o  +lO°C. 

On lowering tb temperature, the spectrum multlplicity col- 

lapsed 80 that in the range of *om -30 to 100°C a single line 

wa8 observed, its width being from I 0  t o  16 H e .  

dependencies of& for B F ~  and B P ~ S  signals for acetone solu- 

tions of 0.3 mold1 zinc tab?aflwroborate are linear and 

have different @lopes. At low temperatures, the difference 

between the8 value of BFG and m3m- in acstoae solutions is 
comparable with that in concentrated aqueous solutions It 

should be noted that the I%? NMR signal in acetone solutions 

is shifted to a high f i e l d  relative t o  n4BF4 for concentra- 

tions less than 1,5 mole/l at 30°C. 

With temperature fall, the lins widths decreased 

The ER30E? signal w a s  recorded as a quartet 

'Pannperature 

I 

Even though the distinct BFt and lS30€i- signals testify 
to a slow fluorlne exchauge between BFG emd HBZ and between 

5 and BF30H-, the changes in shifts ,  llns WidChs and con- 

stants J(''B-'%) and A/h pswrtheless indicate to tbe eas-  

tence of another more rapid exchcmge prooess caused by ths fol-  
l o w  reaction suggested by B. H a q u e  st al .3:  
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TEMPERATURE DEPENDENCIES 

‘phis reaction i s  promoted by positively hydrated cations,  and 

i t s  equilibrium is shifted on changing the solvent; as a re- 

s u l t ,  various alterations i n  the parameters of the IWR 8pe-a 

are observed. 

developments are determined by the residence time of BF’; 

near the cation, the said time depending on the composition, 

concentration and temperature of the solutions used. For 

acetone solutions, where the dissociation of i on  p d r s  i s  

weak and BI“;; exchange is quenched, (I) leads t o  the formation 

of B F 3 c  and €IF. 

the ou te r  sphere: 

The shift of (1) t o  the right and subsequent 

This, i n  t u n ,  causes a rapid procees in 

which resu l t s  i n  a BF; signal shift t o  a high f ie ld ,  since 

6kp. > &XF~. On tha other h a d ,  the presence of mn-disso- 

ciated HI? molecules f ac i l i t a tee  the recombination o f  B F 3 c  

and restoration of the s ta tus  quo. 

Bow, i n  water-acetone solutions with rapid RF; exchange 

between free Eold bound states ,  HP molecules dissociate and 

(2) plays no role. In this case, the following different 

exchange process prevails on the border of the first and se- 
cond coordination spheres: 

HBF,~ + I 3 F S O H - x  HBF, -L {BF,OH- (31, 
whose ra te  is less than that of (2). 
shifts the BPG signal Go a low field and increases the 

J(”B-’%) value in Ell?:, since the same value i n  Bp30e is 

approximately 13-15 Hz. The constant A/h in the water-ace- 

The equilibrfum (3) 

tone solutions of garammetic s a l t s  decreases arnd changes 

its sign when the P value increases; this process takes 
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CHERNYSHOV, SHCHERBAKOV, AND DAVIDOVICH 

place along with J alterations in diamagnetic ealt solu- 

t ions containing various mixed solvsnte. 

ments are ostermibly due t o  different ramtion (I) condi- 

tione and correspondingly different fluorine exchange pm- 

cessea. 

Bath develop- 
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