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A. RADICALS IN IRRADIATED CRYSTALS STUDIED BY ESR 

„V 1. ESR Study of »CF2C00~ Radicals 

Single crystals of CF C£C00Na«2H20 give -CF C00~ radicals on 

irradiation at room temperature. Three sets of radicals differing in local 

environment are present. This work was originally described in Document 

C00-1385-18 written in 1966. However, at that time we had only an X-band 

ESR spectrometer and were not able to do the experiments at Q-band necessary 

to establish the nature of the superhyperfine interactions. We have now 

added these experiments, made more refined analyses of the data with new 

computer programs, and reinterpreted the results. A revised version of 

the original document is enclosed and has been designated COO-1385-35. An 

article is in press in Journal of Chemical Physics. 
\ - -

2. ESR Study of CO CF CFCO Radical Motion 

The radical C0„CF„CFC0„ is produced when sodium perfluoro-

succinate is irradiated. The ESR spectrum is strongly temperature dependent 

and this complex phenomenon has now been studied at X-band and shown to 

arise from internal motions in the radical with onset in the range 130-200°K. 

The results are described in document C00-1385-33 and an article based on 

this is in press in Journal of Chemical Physics. 
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"V 3* ESR Study of the I02F~ Radical 

No radicals in which d orbitals are used in bonding,and no 

iodine containing radicals, appear to have been studied by single-crystal 

techniques. We have now completed an investigation of the 27-electron 

radical I0„F which is produced when KI0„F is y-irradiated at room 

temperature. The iodine and fluorine hyperfine tensors and the g tensor 

have been evaluated and the structure of the radical discussed. The work 

was presented December 9, 1970, at the Second ESR Conference, Athens, 

Georgia, and has been submitted (Document C00-1385-34) to Journal of 

Physical Chemistry. 

\ *• ESR Study of AsF~ and AsC£~ Radicals 

When polycrystalline AsF_ or AsCJl_ is irradiated radicals are 

produced which show hyperfine interactions with both arsenic and with the 

ligand atoms. Analysis of the powder ESR spectra provides sufficient 

information to establish that the radical species are the 27 electron 

negative ions AsF„ and AsC&» which are of unusual interest because d orbitals 

would be required in the covalent forms. The g, A( F) and A('^As) 

parameters have been evaluated and the structures shown to be most probably 

based on the trigonal bypyramid. A preprint describing this work is COO-1385-36. 

5. Radicals in Irradiated Ammonium Fluoroacetates 

Single crystals of ammonium monofluoroacetate and ammonium 

difluoroacetate have been irradiated at room temperature and the radicals 

•CFHC00~ and •CF_C00~ identified. The proton and fluorine tensors are 

being determined and the spectra are being studied over a range of temperature 

to learn whether internal rotations of the radical occur which alter the spectra. 
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6. Radicals in Irradiated Bromomalonic Acids 

Irradiated single crystals of bromomalonic acid appear to contain 

the radical *CBr(C00 ) ? which shows bromine hyperfine interaction. The 

bromine hyperfine tensor and g tensor are being measured. It is hoped 

that a complete experimental hyperfine tensor for bromine can be obtained 

since none has ever been completely worked out for a radical with an alpha 

bromine substituent. 

7. Study of Radicals in Irradiated d,Jl-Mandelic Acid 

Very few single crystal ESR studies of aromatic radicals have 

been made although isotropic solution spectra of innumerable such species 

have now been reported. The anisotropic splittings are of some interest 
• c_C H 

and we have completed a study of the radicals C,H,.CH(OH) and H^ • y, • „nnu 
H'V< 6n 
H H 

in irradiated single crystals of C,H CH(0H)C00H. The proton hyperfine 
splitting tensors have been evaluated for each radical. Molecular orbital 

calculations are now being carried out to permit comparing observed and 

calculated spin densities. 

We also have partial analyses of the ESR spectra of the radical 

F-A^ ^-CH(OH) in irradiated single cyrstals of p-fluoromandelic acid and 

of the radical C,H,-CH(OD) in deuterated crystals of mandelic acid. In 

addition, single crystals of d-mandelic and £-mandelic acids have been 

irradiated and the ESR spectra found to be essentially identical with 

those of the d,&-acid except that the cyclohexadienyl-type radical is less 

abundant. 
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8. ESR Study of the F~ Radical-Ion 

ESR spectra of a species with two fluorines of one kind and one 

of a second type are found on examining single crystals of KAsF, which 

has been yirradiated at 77°K. Since no arsenic hyperfine splitting is 

seen the radical must be F„ with n=2 or 0. Kanzig ejt al. (1959) had 

observed such a species in yirradiated LiF but did not report the g 
19 values. We hope to'be able to obtain complete g and A( F) tensors and 

to determine the structure with somewhat more certainty than the previous 

work permitted. Also, it is of great interest that this species is stable 

in so complex a crystal as KAsF,. 

9. The Trichloromethyl Radical 

We had previously reported the radical #CC£, in irradiated single 

crystals of CCA-CONH- (Document COO-1385-23) but a complete analysis of the 

spectra was not possible because of interaction of the electron with three 

quadrupolar nuclei. It has now been possible to obtain similar ESR spectra 

in y-irradiated crystals of chloral hydrate, CC£-CH(0H)2 and the chlorine 

hyperfine interaction is nearly the same in the two cases. Some attempts 

are being made to compute spectra by an approximation method from estimated 

ESR parameters. 

10. ESR Studies of Other Organic and Inorganic Radicals 

A number of other irradiated crystals are in the process of study 

by ESR and these include NH.SbF,, CNBr, KIO,, and (CF ) C(0H)C00H. 

11. ESR Studies of Neutron Irradiated Materials 

Several compounds were irradiated with neutrons at room 

temperature and the results compared with the known ESR data for the same 

compounds after Y~irradiation. No significant differences were observed 
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and we conclude that the gamma flux in the Triga reactor is so large 

that significant y damage occurs. Since there is no convenient way here 

to obtain a high neutron flux without the accompanying gamma flux we 

cannot separate the neutron damage from the y damage. 

B. NUCLEAR QUADRUPOLE RESONANCE SPECTROSCOPY 

1. NQR Spectra of Tetramethyl- and 1,3-Dimethylurea 

The N pure quadrupole resonance spectra of tetramethylurea and 

1,3-dimethylurea have been observed and the temperature dependence of 

the frequencies studied. A phase transition appears to occur in the 

latter compound at -124°C below which no resonance is observed. The data 

are being interpreted in terms of the structures of the molecules. 

2. Temperature Dependence of NQR Spectra of 10, and ReO. 
127 The temperature dependence of the I resonance in NalO, and 

185 of the Re resonance in KReO, have been measured down to 77°K. A complete 

LASER-Raman study of the vibrational frequencies of the sodium, potassium 

rubidium, silver and ammonium periodates and perrhenates have been made 

including the lattice frequencies. An attempt to use these observed 

vibrational frequencies, along with the Kushida-Bloembergen-Benedict 

theory, to calculate the NQR temperature dependences, will be made. 

Comparison of the NQR data,for the six compounds for which quadrupole 

resonances can be observed,with the calculated values should provide 

a stringent test of the K-B-B theory. 
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