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. ESR STUDIES OF RADIATION EFFECTS - Report No. CO0-1385-30
' TECHNICAL REPORT

Jan. 1, 1969 - Dec. 31, 1969

A. RADICALS IN IRRADIATED CRYSTALS SUTDIED BY ESR SPECTROSCOPY

1. ESR Study Qf y-Irradiated Acetamidine Hydrochloride

Radiation damage in amides has been extensively studied so it
was felt that a study of the paramagnetic species in y~irradiated

acetamidine CH:~C=NH would be of considerable interest. Single crystals

3 \ym JNH,

. of acetamidine hydro%hloride [CH3—C'~\‘.NH 1" C2 were prepared and the unit cell -
2

and space group determined by X-ray analysis. ESR spectra of crystals
irradiated at 77°K showedonb'the V center, Cl;. As the temperaturé was
allowed to rise from 77°K to 125°K the V center lines disappeared and.
' ' NH

were replaced by a set of lines attributed to the new radical ['CHz-d%IH

2.+
]
2

- Two amino protons and the two o protons of the methylene group show hyperfine

interaction with the odd electron and these tensors were measured and
have been discussed.
A preprint describing this work is enclosed as -AEC Document

No. C00-1385-31.

2, V Centers in Irradiated Hydrazine Salts

V centers éuch as.CJL—2 are well known from ESnggudies of irradiated
alkali‘halides. However, they have only recently been reported in two
irradiated organic chloride salts, hydroxylamine hydrochloride (Ueda, 1964)

and glycine hydrochloride (Box et.al., 1969). We have now observed

2
in y-irradiated acetamidine hydrochloride at 77°K (abqﬁe). Also, we find

additional examples of the stability of these species. Cf, has been identified
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the radical sz in irradiated hydrazinium dichloride at 77°K . (A second

radical predominates at -80°C ﬁut has not been identified). In hydrazinium

dibromide- we find the species Br,

at 77°K; on warming this is converted
to a new radical, possibly a.peroxide. These V centers, wbich éhow axial
symmetry in the alkali halides, become less symﬁetric in the cases we have
studied, indicating thag.ﬁeak interactions wi?h molecﬁlés of the 1atti;e
occur. However, the isotfopic chlorine and bromine hyperfing splittings
‘do not change much with matrix. |

A preprint, AEC Document No. C00-1385-32, describing this work

is enclosed.

3. Radicals in Irradiated Trimethylacetamide

It had been shown many years ago [Rogers, et.al., 1965] from
powder ESR spectra that trimethylacetamide y-irradiated ét room teﬁpefature
gave the t-butyl radical and the hyperfine splitting tensor for this
radical has been reported [Hamrick et.al., 1968]. We h#ve~now found that:

y-irradiation at 77°K, followed by observation of the ESR spectrum without
CH3 4
warm-up, leads to the lines of a new radical -CHz—g -CONHZ.. The hyperfine
H
3

splitting tensor for the two equivalent'u protons has been defermined from
single crystal ESR studies and the reaction of these radicais to give

t-butyl radical has been studied as a function of temperature. The unit
cell and space group for the crystal were determined from X-ray measurements.

It has also been possible to estimate the 13C hyperfine splitting in the

(CH3)3 13CCONH radical; from this we conclude that the radical is slightly

2

nonplanar.



-3-

4, Radials in y-Irradiated sec-Butyramide

'The radical (CH3)2éHZhas been reported in y—irrediated single
crystals of (CH3)2CHCONH2 at room temperature from ESR:srudies'[Hamrick'
_ggﬂél., 1968] and they also report the unit cellfand space group for
the crystal. We have found a new radical in single crystals of this amide
irradiated at 77°K. The ESR spectrum indicates that this is the radical

CH
3
'CHz—éH -CONH,, and the hyperfine splitting tensor for the B proton, and

2
for the two equivalent o protons, have been determined. This radical

" converts on warming to the room temperature radical and the interconversion

has been followed.

5. Radicals ‘in Irradiated deréiipiuﬁ;foiuorlde :

Hydrarlnlum difluoride does not glve a V-center on 1rrad1at10o &
at 77°K, unlike the dlchlorlde and dlbromlde, 1nstead the "ESR spectrum
of the hydrogen atom is seen along with a very complex group .of lines’ .
which probably arises from the raﬂical [N2H6]T Inﬂaddition_the lines off
a radical pair,‘possibly‘forﬁed from NZHz and-eihydrogen:atom; ére.eeen.

Work on thiS‘interesting:group'of‘paramegnetic_speéies:isfeontinuing.

6. Halogen-Substituted Radicals.

. A number of compounds hévegbeen,irradiated to try to obtain
chlorine: or,'bromine-_-substitated radi'cals ‘'since no. e'xampl-e of this class '
has :been completely worked out. chhloromalonamlde appears to glve

the CONH radlcal whlle monobromomalonamnde glves elther CONH ~CBr- CONH2 '

2 2

.‘uor CONHZCBr (or both). Also,-lrradlatlon of, CBré glves a radlcal belleved .

to -be.- 'CBr3 agd:cyenogen4hrom1de glves-(CNBr);;g‘Work'on:these bromlqer

.eontainingjradioalsuis being continued.




7. Fluorocarbon Radicals

2 2

study we have irradiated the ammonium'salts of monofluorocacetic acid and

In an effort to prepare the *CF,H and *CFH, radicals for ESR

difluoroacetic 'acid. We do not obtain the simple radicals desired, even

2

hydrogen atom. The hyperfihe splitting tensors for each of these radicals

at 77°K, but instead the °*CF,CO0 and *CFHCOO radicals by loss of a

is being evaluated and rather complete studies of these radicals, already
known in other matrices, will be carried out.

8. Radicals in Irradiated Inorganic Compounds

Irradiated polycrystalline arsenic trifluofide and arsenic
trichloride have‘been examined by ESR. The paramagnetic species produced
are the negative molecule-ioﬁs formed by adding an electron fo the molecule,
Considerable information about the structures‘of these new species should
be obtainable from the spectra.

Single crystals of KIO4 and NaIOa give a paramagnetic species,
probably 104, which shows a rather small iodine hyperfine interaction.

Further work on periodates and perrhenates appéars worthwhile.

9. Radiation Damage Studies in Various Solids

A number of materials have been irradiated by y-rays or high-
energy electrons, usually at 77°K, and the ESR spectra examined, but at
present results are inéomplete. These include KHF2 (gives a strong

impurity spectrum), tetrazole (powder spectra only) and pentachlorophenol.
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B. Nuclear Quadrupole Resonance Spectroscopy

1. NQR Spectra of Nitrogen Compounds

A spectrometer operating over the range 2.5 - 15 MHz has been
qompleted and has beenlused to detect the 14N pure quadrupolé resonance
in methylurea. A study of the resonance frequency as a fuﬁctipn of
temperatsre is also being made. Other substifuted ureas and some related
nitrogen compounds are being examined fér new 14N resonapcés.

2. NQR Spectra of Inorganic Chlorine Compounds

The chlorineApure quadrupole.resonance in BiCZ3°H20
has been observed and studies on other halides of the heafy metals are
underway. A ﬁumber of air or water sensitive heavy metal halides are.
being studied, carrying out all preparations and transfers in a dry-box.
Previous failurés to detect resonances may have been a.resuit of impurities
and a reexamination of these using more careful handling téchniques.seems
worthwhile. |

3. Electric Field Gradient Tensors from X-ray Data

The calculation of the electric'field gradient tehsér at a given
nucleus in a solid ﬁay be carried out severallﬁays. For largely ionic
substances the gradien; is computed from the magnitudes and locations of
the electric charges but the value so obtained must be multiplied by the
Sternheimer polarization factor to obtain the true field gradient at
the nucleus and the calculation of this factor presenté difficulties.

For crystals in which the bonding is partly covglgnt one must also

calculate the gradient from the bonding electrons, particularly those

occupying p orbitals, and again such calculations are difficult,
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' We are now coﬁputing the value of the electric field gradient
tensor at a given nucleus from the experimental electron &ensity map
obtained from aﬁ x-ray diffraction study. This involves dividing
the unit cell into (say) 30 x 30 x 30 elements and assigning each an
electronic charge frqm the Fourier map. A computer program then adds
these contributions for .a large number of unit cells and gives the resultaﬁt
tensor. Preliminary results for iodine monochloride are promising although
various problems remain to be solved in carrying out the calculations.
4.Temperature Dependence of NQR Spectra of Moz_ Ions

The dependence on temperature of the 1271 resonance in various

periodates such as NH4I04, NaIOA and KIO4
18

that of the 5Re resonance inANH4Re04, KReO4, etc. The

is being studied alpng with
' ‘ 185Reifrequency
decreases with temperature in the usual manner in KReO4 Qhe;eas it

increases with increase in temperature in NHAReO4. The anomalous temper-

ature dependence in NHAReO4 could result from a number of causes and further

efforts are being made to find the origin of the effect.
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