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Produced in TATB

by U-V Irvediation

By Gerry Chingas

University of Utah
Dept. of Mochanical Fngineering
and Naval Regearch Laboratory
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WHTRAVEIOENT TRIADIATION OF TA:
Cencrally, encrgetic waterials exhibit increasing €hock sonsi-

Livity with increasing perfommace.)  Since this trend aujrests that

usuable porforeance is limitoed by safoty considoratinn:, there hes

boon a great deal of interest in so-called "worden explosives” vhich .

ave unuainlly inconsitive for their encrqe content. TAIB (1,3,5 -
When /07 ia exposed to broadhand ultraviolet radiation, the

material gradanlly darkens froa yellow to Dlack. Using electron

resonance {:33), w2 have found that free r1adiical formution accompunics

p @nd that these UV-nenerated radicals are remarkably

the discolrrat i
stable.

Figure 1 shiuwes the ESR spectrun characteristic of UV irradiated
powlder samples of TAIB, an asyimnetric line having a peak-to-trowsh
width of 7 C. Ulost of the irradiations were carried out in air roonm
terperature on Pantex samplcsz containing residual Ni,Cl from syn-
thesis. However, no differences were found eithor when these sanples
were leached in boiling water prior to irradiation, or when chlorine-
free samples synthesized from TNT? wore used. 'The same spoctrua also

appeared when irradiation was perfommed in vacuo at liquid nitrogen ’

temperature.  FSR saturation effects ware observed at power lovels
of about 20 1w., so spactra were generally taken at power levels of
only a few milliwatts. All solid samples examined were powaders.
Vhile TATB is crystalline in form?, the material has low solubility,

so single crystals sufficiently large for ESR studies ave presently

unavailable.




We carried out in situ irradiation cxporinvents to examine radi-

cal production rate. 1he free radical devel rose rapidly at first, but
/

the rats of fornmation gradually decreased on furthar irradiation. Tais

~ 9
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corently dun to UV opacity of the sanple, radicnl forma-

tios Lol oo vei T et enposed swfaces and slower din the swarple in-
veoics o Fuooe is lower.

Sl s o s waedled the shrples durlag ircadintion to
eXDITE D TIST TIW o SLTiise area as possible; Fig. 2 illustrates the
arrancrent. T oezuwol, not shown in the figure, was a 600 wvatt

rercury--wIn ot v lavy foresed in a baaa about 2 cm in diameter.

TAIB proodwr was oinced In the 5 mm. guartz NMR tude, which in turn
vas yewpo in s ohzr daciet to minimize heating.  The end of the MMR
tube was rotoiid Lyoa rotor using a short piece of rubber tubing as
a flexible coupling.  Radical yields -'of about one radical per hundred
moleculer wars ohiainad in this way.

Since t:: radicals werce cuite stable under airbiont. conditions,
variable tamporature studies wove porformad to determine thermal
stability. Exporimental results are shown in Flg. 3. Spectra were
taken from roon teaperature up to 300 C° in 20 C° in cremonts, dwel-
ling 10 min. at each tamperatura. This allowed adequate time to
obtain a spectrua after about 3 min., of equilibration, while ensuring
reproducibility in the presence of kineltic bohavior.  Figure 3 shows
the spin density as a function of temperature.  'his was oblaine
by double integration of the FSR spxctrum, and thon compensating for
tenprrature depandance of polarization por spin using the Curie law.

No change in free radical level occurs until about 220 C°, whore the
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nuzbar of spins brgins to decvease.  his ic accompanicd by a lincshap.

Yy

chanjge to a slightly broador spoctrea (Fig. 4a) with a peak—to-trough
linowidth of 13 G. At 300 C°, this sporcirua decays oxponentially with
a time constant of 55 min.

Guzeans doping experivents wore careied oub on irradiated saiples
using hrorire and ammonia. Broad, neacly syimsteice lines resulted,

ghown in Filoa, éh and do; peak-to-trough linswidths wore 14 and 10 G.

P

for breaine and amwonia respactively. %he line centers fell within
about one anazs of each other, teoo clozs for significance to be at-
tached i 1= Al ferent g values.

Two pizeai of ovidaner exist which point to steric hindrance as
the factor i stibilizns the free radical., Drs. AN, Carrcmay

and I.A, Proing (K2h) bhave run golid state proton nuclear magnatic
resonance expariments which indicate that little or no Nilp motion
is present li2low about 200 C°, above this in the vicinity of 222 C°
the free radicals cobsecved by ESR begin to decay. Secondly, in the
course of solution studics discussed bolow, wa found that the solid
state free radical spectrun changed after the sample was webt with
dimethyl sulfoxide as shown in Fig. 4d. 1he effect is irreversible
in that the lineshape remained alvered after subsequent drying.  For
these two cases, at least, a relaxation of lattice rigidity by ther-

mal or solvent mechanisms is accompanied by a change in the free

radical signal.

SOLAION NERLVAPIVES OF ‘TR SOLID RADICAL

When UV irradioted TATR is treatod with dimethyl sulfoxide (MMSO),
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the solution has a slightly darker color connare! to thoe pale yellow

solution chtain~d from the non-irra <hat< a powlr. I the solution

prepars T 000 lrvadiated posder is examined by FSR, one oblaing a

ralei=lins srootoron oo L dissolved fren radical sprcics,

Trioroiomos Lzorhozoood whethnr the solution is propared in thne
oreseios o7 e oF o, although oxyien was gonerally excludad to
Qi oo L -Iis Ll srellaning. ing redicals have a lifetime on
the ool-r of 0 nror whor enrosed to alv, bat last for s.veral days
vhen o ozoivenT o Jzoasssd,

Tne Iver rziizls rroaining in the parent solid are considerably

more stidlz tho trooe In the liquid phnse, even though a lineshape
change ¢© == =117 ¢ 2lzel oceurs when the irradiated pouder is

moistened wiin 1430, as shovm in Fig. 4d. In fact, we found that
after the lisuid radicel decayed completely, the solution could be
rencwad by warming it with the parent TAT.

Glassware shown in Fig. 5 was constructed by Dec. A.D. Rritt (NRL).
Ars A and B were used for the initial degassing procedure. Trradiated
TATB prder (typlceally 50 mg.) was placed in arm A. A small amount
(about 1 cc.) of MMSO was place in arm B, which could be imnersed in
liquid nitrogen for degassing. After sceveral freeze-pump-thaw cycles,
the neck of the apparatus was sealed off under vacuum. The DNSO was
then mixed with the powder in arm A, and a small amount of the solution
was poured into the capillary tube of arm C. The function of this thin
tube was to restrict the amount of DMSO which is lossy at the microwave

frequencies used in BESR.

Figure 6 shows spectra of the liquid radical, one taken at room
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toarpoarature, the othor just bolos the boiling point of NSO (about
55 C* undr vacuum) . e greater pesolution and  sywiretry at the
highar teppoerature can be atbtvibuted to oo efficient rotational
averaging of  anisotropics. ‘The spectriea  is  synmebric,  indicabive
of & simydo species, but even at the highor toaporature, resolution

is incomplote, since the lines arc genorally broadzr than the 30 mg.

lJivdr dwposed by the 100 kiz field madalation freg

goncy.  The oa-
surad g valao was 2.0044, characteristic of a nitro-aroratic species.d
Tetracsna dincolved in conceptrated suliaric acid was used as a ref-
erence.® # prolinivery identification of this free radical has been
made by ix. A Britt (NR); the cheaienl structure and splitting
constants cre indicaisd in Fig. 7a. This radical differs fron the
species originally present in the irradiated solid. FEvaporation of
the TS0 fren the solution and exa--min:ttion of the powder fesidue

yields the spactrum shown in Fig. 7b, which is clearly different from

that shown in Fig. 1.
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PrloLot oooolntion, LW.C.o Snith, -2, Tos Alasos Sci. Yab,

3 Fortex facility, supplied courtesy E.D. Ioughran,

Jorn rolb, Yavrencs Livermore Laboratory. Yor a
: eo~called normal and chlorinoe—-free TATR, sce

. Hoconrov oand J.R. Kolb, wrence Liverimore Imbor-
H.#. C=i- 7 2.7, Imrosan, Acta Cryst., Part 3, 18, 485 (1965).

S.H. Glarun and J.H. Marshall, Jour. Chem. Phys. 41, 2182 (1964).

J.S. hLyds and H.M. Brown, Jour. Chen. Phys. 37, 368 (1962).
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Figure 1. ESR spcctrum obtained from ultraviolet irradiatced TATH powler,
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Figure 3. Thermal decay of free radicals produced by ultraviolet irradiation ;
of the solid. The number of spins is obtained by double dintegration of the
absorption-derivative ESR spectrum present at each temperature; Curie law
behavior was assumed t cighting each point by its temper in KO, 1

avior we ssumed by weighting each p ¢ by its temperaturce din K. The
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sample temperature was incrceased by 20 € every ten minutes.
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(¢) Exposure to NHB

(v} Fxposure to Leo,
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(d) Moistening with DMSO

Figure 4. Spectra obtadined ofter treatment of UV drradiated TATH.
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Fipgurc 5. Glassware used for preparation of liquid state free radicals ?
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The narrow capillary limits the amount of polar solvent to ) ;
avoid excessive microwave loss when arm C is b]acod in the i 4
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Figure 7. (a) Preliminary assignment of radical obtaincd by dissolving
ultraviolet irradiated TATB in DMSO. The numbers show the
assigned nuclear hypvrfi.nc couplings in gauss,

(b) ESR spectrum of residue left behind after DMSO is evaporated

from soltution.

.

PUPAETIRN Sapey S







