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ABSTRACT

Copper(l) nuclear magnetic resonance (NMR) studie8.064 M CuCIl@ have been made in binary mixtures of
acetonitrile (AN) with N,N-dimethylacetamide (DM&Y)d adiponitrile (ADN) co-solvents containing 1@®, 90,
85, 80 and 75 mol % of acetonitrile at 298 K usBigiker 500 MHz NMR spectrometer. Chemical shiftand
linewidth ) for ©Cu and®*Cu signals have been recorded relative to 0.064WLIO; solution in pure anhydrous
AN. Quadrupole relaxation rates (1J§, reorientational correlation timeszg) and copper quadrupole coupling
constants (#q/h) have been calculated in all cases. The vianaof these NMR parameters has been examined as
a function of mol % of cesolvent to compare the relative effects ofsmvents on the solvation behaviour of
copper (I) and hence on the stabilization of copflercomplexes formed. The variation of quadrupocbepling
constant with solvent composition shows that th@d¢h) values in all composition increases with imerease of
mol % of cesolvent, which indicates the formation of mixed plaxes of the form [Cu(CIEN),_(SY ™ (x = 1-4)
due to the replacement of AN molecules by theawent molecules (S) from the original complem({CTH;CN),]
formed in pure AN. Comparison $€u and®*Cu NMR signals in pure AN shows th#tu is more sensitive nucleus
while ®°Cu yields slightly narrower signals.

Key words: Quadrupole coupling constant, Acetonitrile, N,Madthylacetamide, Adiponitrile

INTRODUCTION

The uncomplexed copper(l) ion is unstable in watet immediately disproportionates into copper(ijl anetallic
copper [1]. The presence of strongly coordinatamjons such as halides or cyanide and some dijpgqlatic
solvents, however, largely increases the stabilftgopper(l) [2]. Thus the disproportionation camgt of Cu(l)
decreases from ca. 4@m® mol™ in water [3]to nearly unity in dimethylsulphoxide [4,5], becomes ¢0* dm®
mol™in pyridine [6] and ca. 18" dm® mol™ in acetonitrile [7]. The stabilization of Cu(l) two latter solvents is
due to the formation of a strong solvation comgléxS,]*, of nearly tetrahedral symmetry [8]. In binary mises
of acetonitrile with several esolvents including water, copper(l) is remarkabliabte upto very high
concentrations of the esolvent [9,10]. The solvation behaviour of coppeirfl mixed solvents containing AN as a
component have been studied by using conductansegsity, transference number and EMF measurements
[11-16]. All these studies indicated, a strong prefgatisolvation of the copper(l) cation by acetaitétior by the
co-solvent. A technique allowing a detailed exartioreof the solvation site itself is NMR spectropgoof the
central metal ion, provided that a magneticallyivactisotope of the metal exists and that the compke
diamagnetic. Both conditions are fulfilled in thase of copper(l). Information on solvation may l¢amed from
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the measurements of linewidth)( intensity (1), chemical shiftd] or relaxation timet) as well as from quadrupole
coupling constantefQq/h). In some favorable cases the number of solvesieenles in the first coordination
sphere can also be directly deduced from couplattems of the NMR signals [17].

Copper has two stable isotop€SCu and ®°Cu, which have large quadrupole moments but verprible
sensitivities. Because of its large natural abundg69.1 %)*Cu has been preferred oV8€u for NMR studies.
Although, ®*Cu NMR studies are very interesting but such stidie meager due to several difficulties428].
Firstly, ®Cu NMR studies can be carried out using only diametig copper salts. For this purpose copper (Essal
have to be prepared in the pure state. Secondbperdl) solutions are stable only in a limited rhenof solvents,
therefore, the choice of an appropriate solvergabvent mixture is generally very laborious andidifit. Thirdly,
®Cu nucleus has a large quadrupole momedi2(L1x10% m?) due to whicH*Cu NMR signal is usually very broad
in pure solvents and becomes even broader in mepbgents because of the strong field gradient,efioee we
restrict our studies upto 25 mol % of co-solverguihly, *Cu NMR signal can be observed only in those cases
where Cli is coordinated (solvated) by four ligand molecides the cubic or tetrahedral symmetry is mainthiate
the copper nucleus. Tetrahedrally coordinated aipammplexes such as [Cu(AN}IO, or [Cu(AN)]BF4 which
produce tetracoordinated copper (I) complex ionsalution are shown to be the most suitable satt§’€u NMR
studies. For bicoordinated and tricoordinated coggf)ecomplexes in solutiorfCu NMR signal, however, cannot
be observed. The symmetry at the copper site & \thoy important fof*Cu NMR measurements. In this paper, we
present some interesting Cu NMR results in binaiytumes of acetonitrile (AN) with N,N-dimethylacetéde
(DMA) and adiponitrile (ADN) as co-solvents to thigh light on the following aspects:

(1) Which of two isotopes i.€°Cu and®®Cu, gives more symmetrical copper (I) complexes laemte better NMR
signals and less line width?

(2) Effect of the Guttmann donor number on the solvatbcopper(l), which is significantly large in easf DMA
than AN (AN = 14.1 and DMA = 27.8).

(3) Effect of number ofC=N groups in each solvent molecule on stabilizatiboopper(l) salts.

MATERIALSAND METHODS

Tetraacetonitrile copper(l) perchlorate [Cu(fCHN),]CIO, used for all NMR measurements was prepared by the
method reported earlier [18,23]. The salt was storea dry box and was handled under anhydrous itionsl.
Acetonitrile (AN), N,N-dimethylacetamide (DMA) anddiponitrile (ADN), (99.5 %, all from E. Merck) wer
purified as reported earlier [24]. Cu NMR measuretsavere made at 298 + 1 K using 10 mm NMR tubes on
Briker 500 MHz spectrometer using a broadband phazel and non rotating sample tubes at 132.612 kfidz
142.057 MHz frequencies. Copper(l) solutions wereppred by fixing the salt concentration as 0.064 AWl
chemical shifts®) and linewidths &) were measured relative to 0.064 M Cugi®pure anhydrous AN, which was
taken as a standard reference solution for allratmeasurements. For the reference solutiofar ®*Cu and®°Cu
was 482 Hz and 422 Hz, respectively, @dhlues in all cases were set as 0 ppm for measanadues in all other
cases. The reference solution was measured froettitime to ensure consistency of all NMR measerdm The
uncertainty ind and A values were estimated as + 0.1 ppm and + 20 Hzendisely. Viscosities of all binary
mixtures and 0.064 M CuClOsolutions were measured at 298.15 + 0.01 K usibpelbhde suspended level
viscometer. The uncertainty of viscosity measurdsmemre + 0.001 mPa-s.

RESULTSAND DISCUSSION

In this work, we have investigated the solvatiomdaour of [Cu(AN)]CIO4 in AN and its binary mixtures with
DMA and ADN using Cu NMR studies. The chemical st and linewidth 4) have been measured f6€u and
®Cu NMR signals using 0.064 M [Cu(ANTIO, solutions in binary mixtures of AN with DMA and ADat
different compositions of the mixtures. In all meeements 0.064 M CuClGsolution in pure AN was taken as
reference solution for which the chemical shiif yalue was set as 0 ppm. TAealues thus obtained are reported
in Table 1 and 2. The linewidth found increasedi$icantly with the water content of the AN. Traamounts of
copper (II) as impurity in [Cu(AN)CIO, also increased the linewidth of the copper sigiaisiderably. It was,
therefore ensured that AN used was completely frea water and the trace amounts of copper (I1j. Skthe
linewidth of the®Cu and®*Cu NMR signals in pure AN from various samples wegproducible within the
experimental error.
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3.1 Evaluation quadrupole coupling constants (€’Qg/h)

Evaluation of quadrupole relaxation rate leadsstom@tion of quadrupole coupling constants whigledly provide
information on the geometry of the solvation sphefdéons. We have used the linewidth data to evelube
quadrupole coupling constants of the copper (l) mlexes in AN + co-solvent binary mixtures. The sfittice
relaxation of copper nucleus is essentially goverbg the quadrupole relaxation rate (4T which is extracted
from the linewidth 4) and depends on the asymmetry factor of the dolvatphere ) and the reorientational
correlation time1g) according to the relations [25]

(iJ = W
T2 o

OR = !

whereA represents the linewidth at half the height of signal, | is the nuclear spin for the copper nusland
(€°Qq/h is the quadrupole coupling constant. Equationi§lipplicable when NMR line shapes are Lorentzian.
Equation (2) is applicable for the limits of extremarrowing when¥.1s?<< 1. The ;7 values for all these systems
were not available, therefore, it was not possiblevaluate the factor (#°) in equation (2). For the symmetrical
complex [Cu(AN)]* formed in pure AN, where copper had tetrahedralraginy at the copper nucleus, the value of
nis zero. In mixed solvents, the replacement of ANcb-solvent molecules (S) forming tetrahedral ctaxgs of
the type [CU(AN)L(S)]" (x = 1-4), 7 can have a value which may not be zero but is toallsto be significant.
Setting | = 3/2 for th&°Cu nucleus and (1#”) = 1 as before [19,26], equation (2) simplifieetpiation (3)

2 2
(i] =3.9472{qu} I 3
.o h

from which €Qq/h) can be calculated. When the size of the solutiecnte is much larger than that of the solvent
molecule, the reorientational correlation timgén equation (3) can be calculated by using thetiogd25]

- 4ni3,75

T
RO3T

4)

where ris the radius of the spherical solvated ion or teolnolecule andysis the viscosity of the solution. When the
size of the solute and solvent molecules, howdwerpmes comparable, equation (4) is no longer v&idrer and
Wirtz [27] proposed a method of calculatingvalues of the solute molecules when the solute cotds are of
comparable size to the solvent molecules. This ina#tes into account the microviscosity factayy, given as

-3 -1
fow = 6l + [1+ ﬂ} 5)
r r

where ris the radius of the solute or solvated ion asid the radius of the solvent molecule. In the macopic
limit when £>> g, this microviscosity factor becomes equal to ubity in case of neat liquids wheke g, its value
lies between 0.06 and 0.17 [28]. For the ions antboules of comparable size, the actual reoriematicorrelation
time 1 can be calculated by applying microviscosity caimetto Tr in equation (4). The following relation then
becomes valid for the calculation of actualalues.
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-1

3 -3
TR = M 6& +|1+ ﬂ (6)
3kT r r

Using equations (1), (3), (6) and the solution ety (17;) for 0.064 M CuCIQ the copper quadrupole coupling
constantséQq/h) in AN + DMA and AN + ADN binary mixtures have heealculated by taking solvated radij (r
for Cu" from conductance data and the averagelues at various compositions in different solveriktures.
Using these rvalues, thetg values have been calculated using equation (6). cipper quadrupole coupling
constants fof*Cu and®Cu complexes evaluated by this method are repant@dbles 1 and 2.

The copper quadrupole coupling constant usuallyeeses with the formation of mixed complexes. it ba seen
from Tables 1 and 2 that the quadrupole couplingstamt values in all AN + DMA and AN + ADN mixturese
larger than the values in pure AN and increase thithincrease of co-solvent composition. The resudtws that in
each case stable mixed complexes of the form [CWAS)]" (x = 1-4) are formed due to the replacement of AN
by co-solvent molecules from the original compl&u({AN),]* formed in pure AN. The mixed copper(l) complexes
remain stable at all compositions of the solventtunes. The evidence for the stability of these plaxes comes
from the systematic increase of tléQq/h values with the increase of co-solvent compasitibhe results show
that co-solvent molecules replaces the AN molecintan the copper (I) complex. This effect of re@aent of co-
solvent is stronger in AN rich region of binary rire.

Table 1. Linewidth (A/Hz) and quadr upole coupling constant (€Qa/h / MH2) of ®*Cu and ®*Cu NMR signal from 0.064 M CuClO, in AN
and AN + ADN mixturesat 298 K

GSCU 65Cu
mol % AN A/Hz (goghy/MHz ATHZ (g I MHz
100 482 5.06 127 47
95 69 5.1¢ 63 as
90 938 5.29 885 5.04
85 1250 5.62 1127 5.24
80 228 6.7¢ 1537 5.5¢
75 3223 7.51 1976 5.85
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Figure 1. Linewidth (A) for ®*Cu and ®*Cu NMR signalsfrom 0.064 M CuClO, solution vs mol % of ADN in AN + ADN binary mixtures
at 298 K
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Figure 2. Line width (A) for ®*Cu and ®*Cu NMR signals from 0.064 M CuClO, solution vsmol % of DMA in AN + DMA binary mixtures
at 298 K
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Figure 3. Quadrupole coupling constant (€Qg/h) for ®3Cu and ®*Cu NMR signals from 0.064M CuClQO,solution vsmol % of ADN in AN
+ ADN binary mixturesat 298 K
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Table 2. Linewidth (A /Hz) and quadr upole coupling constant (€?Qg/h / MHZ) of %*Cu and ®*Cu NMR signal from 0.064 M CuClO, in AN
and AN + DMA mixturesat 298 K

®Cu %Cu
mol % AN A/Hz (gogh/MHz A/HZ  (eQqh /I MHz

100 482 5.06 422 47

95 79t 6.3t 527 5.17

90 1020 7.00 891 6.54
85 1655 8.62 1321 7.73
80 246¢ 10.17 184¢ 8.62

75 2722 10.32 2106 9.27
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Figure 4. Quadrupole coupling constant (€Qg/h) for ®*Cu and ®Cu NMR signals from 0.064M CuClQ, solution vsmol % of DMA in AN
+ DMA binary mixturesat 298 K

CONCLUSION

In all AN + DMA and AN + ADN mixtures, thees{Qq/h) values for copper(l) complexes increase signifilyawith
increase of co-solvent composition. Increaseef®@/h values for™Cu nucleus is more thaiCu nucleus. The
results show that ADN (nitriles with two =Bl groups in the same molecule) and DMA (signifibamtifferent
Guttmann donor numbers, AN = 14.1 and DMA = 27tfs strong tendency to replace AN from the comjaax
[Cu(CHsCN),]" forming the mixed complexes of the form [Cu(ANMS)]® (x = 1-4), in which co-solvent
systematically replaces the AN molecules from tbb/agion sphere of copper(l) with increase of cbssot
composition and form more asymmetric complexes.
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