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TEMPERATURE DEPENDENCIES OF '9F NMR SPECTRA PARAMETERS IN
EF,, SOLUTIONS
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borates

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

Institute of Chemistry, F.E. Science Center, Ac. Sci. USSR,
Vliadivostok-22, U.S5.5.R.

Despite pumerous studies on the BF, anion 1-6

indicating
to its complex behavior in different solutions in the presence
of different cations, it is still quite difficult to explaln
this unambiguously. This is ostensibly dus to the incomplete-
ness of experimental data both for temperature dependencies
and for solution c:ompoxs:ttio:ns3 + Taking this into account,

we megsured the dependencies of 19F NMR spectra in s broad
range of temperatures and concentrations in agueous and
water—-acetone solutions of Coz"', Niz"' and Zn2+ tetrafluorobo-
rate salts on "RYA-2305" and "SWL 2-31/10" instrumemnts in
spherical and cylindrical ampoules. The said dependencies
were recorded both for BFZ and BFBOH" signals, the latter
forming in insignificant quamtities due to the hydrolysis of
the tetrafluoroborate anion in positively hydrated cation so-
lutions1.

The contact chemical shift ‘SP of the BEF, anion in the ace-
tone solutions of paramagnetic salts is rather large at 50°06,
being approximately -45 p.p.m. for Co‘?"" and =25 p.p.m. for
1!12"' salts, respectively; it changes slightly in the region of
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concentrations less than 1 Mole/l (Sp of BFBOH" being egual
to =180 p.peme and =100 p.p.m. for the salts of Co?* and
Ni2*, respectively). The introduction of small smounts of
water sharply increasses the dissocliation of the forming com-
plexes, as well as the exchange of water molecules between
the hydrate ion shell and bthe solution per se. This,in turn,
affects the Sp value, which essentlially tends towards an "ar-
bitrary zero" (position of the 19 mm signal for am aqueous
1 mole/1 NH,BF, solution) at infinite dilution. Our end other
studies indicate to the predominant formation in the solutions
of outer-~sphere associates of the BI(HZO)G(BF“_) 2 type, even
though this does not explsin the smomalous behavior of § P
and 3(M3 - %),

Fig.1 shows the temperature dependencies of the paramag-
netic shifts § p 2+
and Ni°* salts in the remge between room temperature and free-

of BFZ_ in the water-acetone solutions of Co

zing point. All the plots are almost linear with a small cur-

vature depending on salt concentration and water molecule con-

m
tent whose relationship is expressed as P = _[rmH%(ﬂ *
M +

A comperison of curves 1, 5 emd 7 (Fig. 1) shows that at
P = 6.6 with slowed-down exchange of BFZ anions between free
and coordinated atates, the curvature of the plots increases
at low temperatures and lesser salt concentrations; however,
at temperatures of from =60 to -=110° the curves are all 1li-
near. It is noteworthy that the temperature dependencies
are similar to the concemntration do'pondenciess, the only dif-

ference being that they do not reach "zero" by 2 to 5 p.pe.m.
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FIG. 1
Temperature dependencies of the 19]? chemical shift in water—
acetone solutlions of 002"' and Ni2* tetrafluorcborates (curves
1«7, see Table) and in the acetone (0.3 mole/l) solution of
Zn(BF,) ,*6H,0 (curves 8 and 9 for BF, and BF3OH", respectively)
The shifts were recorded in relation to an aqueous (1 mole/l)
m4m4 solution.
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Taking into consideration the slow exchange of water
molecules® at temperatures below ~40°C, we calculated the
effective AJS interaction constants for VJF in the EFy,
ion. The A/h values obtained are shown in the Table.

TABLE.- Constant values of isotropic hyperfine interaction
A/h for V9F in water-acetone solutions of Co' and
Nia* tetrafluoroborates.

Curve Compound ggpcen— P[“H o] ﬁﬁF,1o5 Hz
Taeien Mter]
1 Co(EE) ,*6H,0 0.5 6.6 244201
2 Co(BF,,) ,~6H 0 0.5 12 -1.2%0.1
3 Co(BF,,) ,*6H,0 0.5 18 -0.64%0,05
4 Co(BF,) ,*6H,0 0.5 age +0.18%0.03
5 Co(EBF,) ,*6H,0 0:25 6.6 -243%0.1
6 Co(BF,) ,*6H,0 0.25 18 -0.4820.05
7 Ni (BEF,) ,*6H,0 0.25 6.6 ~2.6%0.1

In the figure, curves 2,3 and 6 show the temperature
dependencies oré;P when P> 6. In such solutions, the dis-
sociation increases greatlyj's, and the residence time of
BFZ at the hydration shell of the 3d-ions becomes less,
this being indicated by the linearlity of the curves. In
this case, with salt concentration decrease and P increase,
the "residual shift" is only 1 p.p.m. The effective value
of A/h also decreases sharply and drops below the zero mark,
since in aqueous solutions (curve 4, see Figure) A/h is al-
ways positive. Similar dependencies were likewlise observed

for water-acetone solutions of nickel tetrafluoroborate.
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The behavior of A/h in mixzed solutions resembles
J(ﬂ13-19F) changes and is, ostensibly, due to the properties
of the solvent. The low values of the "residual shifts" at
low temperatures show that both contact emd pseudocontact
interactions (if the latter exist at all, they should be
maximum under these conditions) are essentially insignificant
for outer-sphere complexes.

All the results so far obtained for the BF; ion should,
apparently, be treated on the basis of the various forms of
its existence in the solution snd near the ¢ ation, teking
into account the nature of the latter. It is common know-
ledge that for aqueous solutions of tetrafluoroborate salts
with negatively hydrated NHy, (CH;),N' and g cations,
J(M8 « "9F) 1ies in the range of 1.5 L 0.05 Hz 1?2, Ko sig-
nificant amounts of BFBOH" were observed in the solutions
(even after boiling them for several hours); this indicates
to the stability of the BFZ anion. However, for salts with
positively hydrated cations changes were observed for both
J(1qB - 19F) and 123, For aqueous solutions of lithium
and sodium tetrafluoroborates, a BFBOH' quartet was recorded
in the V9F spectrum with J(V1B =« 198) = 12.7 £ 0.3 Hz, loca-
ted at =6.2 p.p.m. from the BF, signal. DMNore detailed stu-
dies of BFBOH' in the presence of BFZ were not conducted be-
cause the BF30H" quantities observed were too insignificant.

We have atudied the water-acetone solutions of zinc
tetrafluoroborate recording the 1% mur spectra for both BFZ
and BF;0H, in which BF;/BF50H-= 28. In the concentration

range of O«4 to 3.1 mole/l in aqueous solutions, J(113—19F)

L2s
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change in a linear manner from 1.2?30.03 Hz %o 2.0'-’-0.05 Hz
for BF, and from 15.720.5 Hz to 11.520.5 Hz for BI ;0H~
(3(198-19%%) = 0.4%0.05 Hz and isotopic shift O =0.055 pepem.
for intermediate concentrations of the '9F spectra for BF,
anions). The '9F MR signal for BF;_ in acetone solutions
(0.1-0.7 mole/l) at temperatures of +30 to ~115°C conaists

of two lines caused by an isotope shift of 0.055 pe.p.m. in
105 ana "'B. With temperature £all, the line widths decreased
from 4 to 1 Hz. The BF3OE" signal was recorded as a quartet
with J=9.5f-0.3 Hz in a temperature range of from +42 to +10°C.
On lowering the temperature, the spectrum multiplicity col-
lapsed so0 that in the ramge of from =30 to 100°C a single line
was observed, 1ts width being from 10 to 16 Hz. Temperature
dependencies of 5 for BF, and BFBOH" signals for acetone solu-~
tions of 0.3 mole/l zinc tetrafluoroborate are linear and
have different slopes. At low temperatures, the difference
between the &’ value of EFj and BP,0H" in acetoms solutions is
comparable with that in concentrated aqueous solutions1, It
should be noted that the 19F NMR signal in acetone solutions
is shifted to a high field relative to m4w4 for concentra-
tions less than 1.5 mole/1l at 30°C.

Even though the distinct EF) and EF;0H™ signals testify
to a slow fluorine exchange between BF; and BFZ and between
BF, and BF,OH™, the changes in shifts, line widths and con-
stents J(11B-19F) and A/h nevertheless indicate to the exis-

tence of enmother more rapid exchange process caused by the fol-
lowing reaction suggested by R. Haque et a1.33

BFy —= BFy+F" 0

hob
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This reaction is promoted by positively hydrated c ations, and
its equilibrium is shifted on changing the solvent; as a re-
sult, various alterations in the paremeters of the NMR spectra
are observed. The shift of (I) to the right and subsequent
developments are determined by the residence time of BFZ

near the cation, the said time depending on the composition,
concentration and temperature of the solutions used. For
acetone solutions, where the dissociation of ion pairs is
weak and BFZ exchange is quenched, (I) leads to the formation
of BFBOH' and HF., This, in turn, causes a rapid process in

the outer sphere:

BF, + HF z=r BRF™ HF (2),
which results in a BFZ signal shift to a high field, since
SﬁF > SEFZ. On the other hand, the presence of non-disso-
clated HF molecules facilitates the recombination of BFBQE"
and restoration of the status quo.

Now, in water-acetone solutions with rapid BF, exchsnge
between free and bound states, HF molecules dissociate and
(2) plays no role. In this case, the following different
exchange process preveils on the border of the first and se-
cond coordination spheres:

HBF,F + BRON —= HBF, + FBROH™ (3,
whose rate is less than that of (2). The equilibrium (3)
shifts the BF; signal to a low field and increases the
J(V8-19) value in BF,, since the same value in BF3OH“ is
approximately 13=15 Hz. The constant A/h in the water-ace-
tone solutions of paramsgnetic salts decreases and changes

its sign when the P value increases; this process takes

Lot



04:31 30 January 2011

Downl oaded At:

CHERNYSHOV, SHCHERBAKOV, AND DAVIDOVICH

place along with J alterations in dismasgnetic salt solu-
tions containing various mixed solvents. Both develop-
ments are ostensibly due to different reaction (I) condi-
tions and correspondingly different fluorine exchange pro-

cesses.
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