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While the electronic spin-spin relaxation times (T2e) for paramagnetic 

ions in solution are very small, they can often be directly obtained by 

observing the line widths of an electron paramagnetic resonance (EPR) 

spectrum [1]. The corresponding electron spin-lattice relaxation times 

(T1e) are much more difficult to measure. Direct power saturation studies 

. . -8 
become very difficult \vhen Tle drops below about 10 s. For trannition-

-8 metal ions in solution one usually finds Tle < 10 s. It is sometimzs 

possible to utilize NMR broadenirig to make indirect determinations of 

r 2e and Tle' but this often calls for a delicate balance between the rates 

of chemical exchange and the rates of electron spin relaxation [2]. In 

3+ 2+ 3+ 
aqueous solutioa Cr , Cu , and Gd all hnve observnble EPR spectra, 

but little is known about their Tle values. 
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Dynamic nuclear polarization (DNP)lJ] offers a method for extending 

power saturation 
. -10 

techniques so that Tlc values as short as 10 ~ can be 

measured.· It should be able to fill any gap bet\veen NHR and direct power 

saturation and this reports a preliminary DNP study Cr 3+ Cu 
2+ paper on , , 

·, 
! ... 

and Gd3+. In this work we used the basic DNP apparatus previously 

described l4]. ln this apparatus the aqueous solution flows first 

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

and then through the coil of a simple NMR spectrometer operating in the 

same magnetic field. At any given field, B, we can measure the enhancement 

factor) EB, of the proton NHR of the solution shortly after EPR has taken 

place. A plot of EB versus B constitutes the DNP spectrum of the para-

magnetic ion in solution. 

, Lorentzim1 in shape with a width equal to the EPR line width and v.rith an 

amplitude which depends npon T1e and the nature of the interaction bctvJecn 

the protons and the paramagnetic ion [4,5]. Since the amplitude is 

dependent upon a number of experiffiental factors, DNP is best used to determine 

the relative Tle values of two ions. 2+ In our v10rk we have used VO in 

water as a reference {4]. 

3+ 
The EPR t:pectrum of Cr(ll20)6 in aqueous solution consists of three 

superimposed transitionr. \vith a nearly Lon·:nLd.an line shape. At 9 Gil~ 

line widths of 190 and 160 gauss have been repm.:ted [1] and we found at 

3.1 CHz and 28°C a derivative width of 188 gauss. This corresponds to 

T2e = 3,5 X 10-10 s. ~t low magnetic fields where (J)efc << 1, one expects 

nJ ·-'-12 
Since 'c ~ 10 s this condition s~ould be well-satisfied 

·.at 3 Gllz. In a DNP experiment we found foi: 0. 0013 H cr3+ and EB = 0. 038 



-3-

at line center. 2+ -10 3+ Calibration with VO gave T le "'. 3. 5 x 10 s for Cr 

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

at our low field. 

3+ The EPR spe~ctrum of Gd in aqueous soluth)n consists of a single 

broad line. Ruben [6] reports a li.ne 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 

These data 

suggest that Tle = T2e at the lower fields and our DNP spectrum gave 

EB = 0.008±0.002 at line center. Calibration \-lith vo 2+ gives 

The small En value shows that T1e = 10-lO s is close 

to the limit of our pre~ent apparatus. 
·. .· 2+ . 

Since Cu(n2o) 
6 

has unresolved hyper£ inc~ t~trud:ure in its EPR spectrum 

it is a difficult case, and its relaxation mechanisms are under comdderable 

debate [7,8~ 

6. 67 X 10-3 M 

In our DNP cx.ped:.H:~nt we· mwd solutions c:ontafnJng both 

-3 w3 
Cu(Cl0lj)2t 3.33 x 10 M VOS04 and 10. H HClO/+' \ve ran 

2+· DNP spectra at 5°, 30°, and 60°C and used the VO as an internal standard. 

The individual hyperfine ·widths at 9 GHz have been accurately determined 

by· Chang [8] and he also gives sufficient data to extrapolate these \-lidths 

to 3.1 GHz • If \<le fClllow the procedures previously established [9] s our 

. DNP rcsulte give average values of 1/Tle for the four hyperfinc levels as 

8 8 8 -·1 . 
3 x 10 , 6 x 10 , .:.ud ll1 x 10 s at 5°, 30", and 60°C, respec.t::tvc~l.y. 

While the 30°C value agrees well with the estimate for 1/Tle made from 
I 

I 
indicate that T1e > T2e 

I 
NMR by Poupko and Luz [7] at 1.4 T, our values all 

even at our low field of 0.1 T. At 5°C these data rpquire that T1e = 2T2e• 
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but Tle approaches T2e at the highest temperature. More accurate DNP 

data would have allmved us t.o determine the spread in Tle among the four 

hyperfine states. 

While our low field DNP results show only small deviations for 

water· solutions of these ions from Tle = T2c' similar work at higher fields 

should be v~ry valuable for deciding between prop6sed relaxation 

m~chanisms •. In water solutions DNP measurements become more difficult 

as the micrmvave frequency is raised, but· our simple flow technique should 

be _usuable ~ven above 9 GHz. 
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