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SPIN-LATTICE RELAXATION TIMES IN AQULEOUS SOLUTIONS OF Cr™ , Cu2+ and Gd
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o DYNAMiC NUCLIZAR POLARIZATION AS A MEANS OFiDETERMINING ELECTRONIC
' 3+

3+
by
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While the eiectronic spin-spin reiaxation timés-(Tze) for'paramagnetic
ions in solution are very small, they can often be directly obtained by'
observing #he'line widths of an electron péramaghétic fcsonance (EPR) |
spectrum [1]. The corresponding electron»spinwlattiée relaxation times
(Tle) are chhvmore difficult to measure. Diregt-paﬁe: saturation studigs

become very difficult whén'Tle drops below about 10-8;8. For transition- =
. P

‘metal ions in solution one usually finds Tie <10 " s, It is sometimes -
- possible to utilize WMR broadening to make indirect determinations of
- Tpe and Tle; but this often calls for a delicate balance between the rates

-of chemical exchange and the rates of électron spin rélaxation [2]. In -

2+ 3+

3+ ‘ :
aqueous solution Cr  , Cu , and Gd all have observable PR spectra,

but little is known about their T1e values. o
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Dynamic nuclear polarization (DNP)[3] offers a method for extending
power saturation techniques so that T1e values aé_short as 10—10 s can be

measured.  It should be able to fill any gap between NMR and direct power

L +
saturation and this paper reports a preliminary DNP study on Cr3+, Cu2 s
and Gd3+; In this work we used the basic DNP apparatus previously
described [4]. 1n this apparatus the aqueous solution flbws first

through a microwave cavity excited by about 100 watts of power at 3 Glz

and then thrOugh the coil of a'simple NMR spccfroﬁéter operating in the

same magnetic field, At any given field, B, we paﬁ,meaSure the énhénéement
factor, EB;'of the-protoﬁ NMR of the solution shértly afte; EPR-has:taken
place. A plot of Ep versus B constitutes the DNP sﬁectrum 6f the pafa—:
magnetic ion‘in solution,

Withioui hyperline stiuciute Lie DRF Speciiun SHOUid De neariy ,
.Lorentzian in shape with a width equal to the EPR‘liné width‘and with an
amplitude which'depends upon Tje and the nature of‘the interaction.befwecn'
the protons and the paramagnetic ion [4,5]. Sinéé'the ampiitude_is
depéndent upon a number of experimental factors, DNP is best used to déteimine
the relative Ty, values of two ions. In our work we. have used VO2+ in
water as a reference [4].

Tﬁe EPR spectrum of Cr(u20)63+ in aquecous solution consists of ﬁﬁreév
supefimpoécd ﬁfaﬁsitions with a negrly Lorentzian 1iﬁ¢ shapé. At G Gliz
line widths.of lQQ and‘l60 gauss Héve been reporped [l} and we found at
3.1 CHz and 28°C a derivative width of 188 géuss. This correspohdé to
0 | ' ‘

-1
T2e = 3,5 x 10

that'Tle = T2e' Since q; i 10;

S. At low magnetic fields'wherg,wejz << l, ohe eﬁpecté'
12 el R

s this condition should be well-satisfied
at 3 CHz. In a DNP experiment we found for 0.0013-H Cr3+

and:EB = 0.038.'
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‘at line center. Calibration with V02+ gave Tle = 3.5 % 10_10 s for Cr3+

in aqueous solution. Within our experimental error we find Tle = T2e

at our low field.

+ .
The EPR spectrum of Gd3 in aqueous solution consists of a single
broad line. ‘' Ruben [6] reports a line width of 400 gauss at 9 GHz and

200 gauss at 24 GHz. At 3.1 GHz and 27°C we find a line width of 407 gauss

4

and T, = 1.6 X 10'10,s_for 3.6 x 107* u ca’t in_lo'3 M 1IC10,. These data

2
| suggest that Tlé = Tze-at ;he 1ower.fields and our DNP spectrum gave
Ep = 0.00820.002 at line center. Calibration with VO2+ gives
Tle/TZe 3-1;2t0.3. The'sméll By value shows tﬁaé;Tie = io;lovs'ié closge
to the limit»bf oﬁr presént apparatus.

-‘Sincc éu(HZO)()Z+ has unresolved hypérfinc strqctﬁre in itS»ﬁPR sﬁectrum
it is a diffidult'casa,‘and its relaxation mechanisms are undecr considgfable
débate [7,8] In our DNP experiuent we used solﬁtions containing both

3 M VoS0, and 1072 M 110, We ran

6.67 x 107> M Cu(C104)5, 3.33 x 107
DNP spectra at 5°, 30°,'and 60°C and used the V02+ias an internal sfandard.
The individual hyperfine widths at 9 Glz ﬁave been accurateiy determined
by Chang [8] and he also givéé Sufficient.data to éxtrapolate these widths
to 3.1 GHz.  If we fallow the procedures previousiy:established [9], our
. DNP résuitsvgive_averagc Qéldcs of -l/T1e for the fyﬁf hyperfing levels as

3x 108, 6 x 108, sua 14 x 208 671

at 5°, BOf,land‘GO°C, respectively.
While>the 309C value agrees well with the estimate for liTie made from

v \
NMR by Poupko and Luz [7] at 1.4 T, our values all indicafe that Ty, > T2e

even atlour low field of 0.1 T. At 5°C these data‘tpquire that T1e ® 2T24,



but Tle apéroaches Tye at the highest temperature.vv Mére accurate.DNP,

data would héVe allowed us to determine the spreaﬂ in Ty, among the_foup

hypepfine:statés. |
While_our low field DNP results show only small deyiations for

water solutions of these ions from TJLC =.Tze, similér»work ét'higher fields

should be:very véiuablevfor deciding between ﬁrobbéed felaxatidn

‘mechanisms. In water sdlutionleNP measurements beéomé_ﬁoré difficult

-as the microwave frequency is raised, but our simpie flow technique shouldr

be psuabieﬂeven-above_Q GHz.
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