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We have observed two radicals in the ESR spectra of y-irradiated single crystals of thriethanol-

amine hydrochloride: R—NH and HN=C-R.

Free radicals produced by gamma irradiation in
single crystals of thriethanolamine hydrochloride (1)
have been investigated between 100 and 440 K with
ESR. The radicals in 1 were identified as n- and o-elec-
tron radicals. The ESR spectra of the radicals were
unchanged and undiminished at room temperature
more than three years after irradiation. The spectra of
single crystals were taken at 5-degree intervals for the
magnetic field H being applied in each of the three
crystallographic planes ab, bc, and ca.

A hyperfine splitting pattern of the obtained spectra
is shown in Figs. 1a, b and c at all orientations of the
magnetic field. These spectra consist of 12-lines. In the
spectra, the outer pair of triplets is due to a g-electron
radical of the type R—NH. This radical splits into
double lines because of the proton, then each line
also splits into triplet lines owing to the nitrogen.
Our average value of the proton splitting directly at-
tached to the nitrogen is about 85 G, and the nitrogen
splitting is approximately 12 G. Our splitting values
are in a good agreement with those derived from
g-electron radicals for CNCH,CONHCONH and
NH,COCH,CONH [, 2], where it was found that
the average splitting values were 85.7 F 1 G, 81.3 F
0.7G for proton and 11.6 F0.5G, 143F1G for
nitrogen. We have obtained g,, values from the ESR
spectra (Table 1). The g,, value is exactly the same as
the one reported in [1], but slightly different that re-
ported in [2].

The inner pair of triplets in the spectra are due to
the n-electron radical of the type HN =C-R. Similar
splittings have been observed in this radical too.
Our average values for ay, and ay are found tobe 17 G
and 7 G, respectively. While these values have been
reported [1] to be a,; =19 G and ay=5G for the
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NCCHCONHCONH, radical, which is consistent
with our data. However, we also stress that our
9., = 2.0030 is the same as the one in [1] and is almost
the same as the one in [2].

The angular variations of g of the - and n-electron
radicals at room temperature with S5-degree incre-
ments of the orientation of the magnetic field are
shown in Figs. 2 and 3. Both the g and A tensors of all
radicals were constructed by taking the second order
effects into account. The principal values obtained
after diagonalization of the tensors are given in
Table 1. The values of g and the hyperfine coupling

Table 1. The ESR parameters of R—NH and HN=C-R
radicals observed in (HOCH,CH,);N - HCL

Radical Principal Direction cosines
values of
A(G)and g
R-NH ay 88.0 —0.06 0.040 0.094
84.0 0.499 0.990 0.040
83.0 0901 —0.600 —0.03
ay 20 —0.0039  0.0037  0.995
9 —0.048 0.0994  0.0038
7 0.996 0.047 0.0037
g, = 20034 —0.122 0.094 —0.986
gy, = 2.0022 —0.3636 —0.9664 —0.0366
g. = 20019 —09099 0.3660  0.1555
g, = 2.0025
HN=C-R a, 7 —0.266 0.901  —0.0089
15 —0.289 —0.0089  0.9949
28 0.903 —0.299 0.00011
ay 12 —0.75 —0.036 0.990
S5 —0990 —0.0043  0.0069
3 —0.0069  0.991 0.036
g, = 2.0036 09696 —0.1888  0.0149
gy, = 2.0034 0.2001 0.9001 —0.1034
g. = 2.0020 0.0059  0.1049  0.09696
g., = 2.0030
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Fig. 1. ESR spectrum of (HOCH,CH,);N - HCI single crystal at a) 100 K,
b) 293 K and c) 440 K when the magnetic field is parallel to the a-axis.
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Fig. 2. The angular variations of the g-tensor for the a- (o), b- (e), and c*- (©)
axes of the R—NH radical.
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Fig. 3. The angular variations of the g-tensor for the a- (a), b (a), and c*- (0)
axes of the HN=C-R radical.
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constants for the o- and n-radicals did not change
appreciably with temperature. Our values of the
hyperfine splitting constant of proton and nitrogen for
R-NH and NH=C-R are consistent with [1-8].
Since we do not observe any site splitting we can state
that the 2 molecules in the unit cell of the crystal are
magnetically equivalent.

Experimental

Single crystals of 1 were grown from an aqueous
solution. From the X-ray diffraction studies we have
found that the single crystals are orthorhombic with
space group P2,2,2,, and its unit cell dimensions are
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