
Oct. 20, 1957 COMMUNICATIONS TO THE EDITOR 5585 

the field under adiabatic fast passage conditions. 
At 3000K. T1 ^ 10"3 sec, at 77°K. T1 ^ 5 X 10"3 

sec, at 4.20K. T1 =* 4 min., at 1.20K. T1 ^ 20 
min. The magnetization was observed in each 
case at a field of 3200 oersteds; at 4.2 and 1.20K. 
the field to which the magnetization was being 
equilibrated was 8000 oersteds. The concentra­
tion of triphenylmethyl was approximately 0.1 
mole %. 

In view of the remarkably long relaxation times 
at low temperature estimation of the static sus­
ceptibility from measurements of the inductance 
at a single frequency is not possible unless the fre­
quency is lower than ~ 10~8 cycle per second. 
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A NOVEL DEUTERIUM ISOTOPE EFFECT 
IN NUCLEAR RESONANCE SPECTROSCOPY 

Sir: 
I have observed a relatively large and hitherto 

unreported deuterium isotope effect in nuclear 
spin resonance (NSR) spectroscopy. By compari­
son of the fluorine NSR spectrum of W-C3F7D with 
that of «-C3F7H I have found that the fluorine 
nuclei in the -CF2D group are 0.60 ± 0.05 p.p.m. 
more shielded than those in the -CF2H group. 
This difference in shielding value ("chemical shift") 
should be of theoretical interest, inasmuch as the 
molecular wave function is not substantially al­
tered. Qualitatively it may be seen that the direc­
tion of the shift indicates a greater electron-donating 
power for deuterium than for hydrogen. The atomic 
volume of deuterium in covalent compounds is 
well known to be smaller than that of hydrogen,1'2 

a fact which, by elementary particle-in-a-box 
considerations, requires a greater escaping ten­
dency for the electrons. 

The samples of M-C3F7H and W-C3F7D were 
prepared by decarboxylation of W-C3F7CO2Na 
(dried at 110°) in the presence of a slight excess of, 
respectively, H2O and D2O. The reactions were 
carried out at 200° for 2.5 hours in a stainless steel 
rocking autoclave; decarboxylation was quanti­
tative, and the trace of C3F6 formed was readily re­
moved by low-temperature distillation. The w-
C3F7D was shown by infrared spectroscopy to con­
tain less than 1% of W-C3F7H; however, one sample 
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upon mere passage through a small P205-"Ascarite" 
(NaOH-on-asbestos) tube was found to contain 4 
to 5% of the hydride. 

The NSR spectra were determined with a Varian 
Associates V-4300 High Resolution spectrometer 
operating at 40 megacycles per second. The w-
C3F7H and W-C3F7D were examined separately and 
also in mixture, by which means it was shown that 
the peaks due to the CF3CF2- group suffered no dis­
placement larger than 3-5 c.p.s. upon isotopic sub­
stitution. Shielding 5-values in parts-per-million, 
defined3 by the equation 5 = 106 (H0bs. — HcFBr5)/ 
UcFBr,, are: for the CF3 group, 94.6 p.p.m.; for 
the central CF2 group, 145.4 p.p.m.; for the CF2H 
group 150.2 p.p.m.; and for the CF2D group, 150.8 
p.p.m. The positions of the multiplet centers of 
the latter two groups were measured relative to 
the central CF2 group in order that relative errors 
might be no greater than ± 0.05 p.p.m.; errors in 
the 5-values are ± 0.1 to 0.2 p.p.m, 

The CF2H fluorine resonance is a doublet, with 
J(CF2H) being 51.5 ± 1 c.p.s., in good agreement 
with the value 50.2 ± 1 c.p.s. found for the triplet 
proton resonance. The doublet proton line in w-
C6Hi3F has 7(CH2F) = 47.4 ± 1 c.p.s., and in 
CHFBrCH2Br has /(CHFBr) = 49 ± 2 c.p.s.4 

The CF2D fluorine resonance is an equal triplet, 
the extreme peaks being separated by 14.5 ± 2 
c.p.s. The ratio /(CF2H)/2/(CF2D) is thus 3.5 
± 0.5, the expected value being 3.26, the ratio of 
the nuclear moments of H and D. Both the CF2H 
and CF2D fluorine peaks show further splitting 
into triplets having /-values of 4.0-4.5 c.p.s. 
For the internal CF2 group a quadruplet with 
splitting about 4.7 ± 1 c.p.s. is observed in w-
C3F7H but only a triplet with splitting approxi­
mately 4.9 c.p.s. in W-C3F7D; this indicates that 
/(HC-CF2) is about the same as /(F2C-CF2) in 
W-C3F7H, the smaller /(DC-CF2) not being ob­
served. 
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