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Clencc~ily, oer'rcti c ifnri-.rials (. xh ihjtI:c.r. jsx si-

tivity with :iIra IprunC.'S t ti;rml;jeL;t.t

0 p::rf~':ince i imitd 1by safet--y c~ ti,: hr

a c rceat denI of mnt cresL in scy-oaTIl lc vx-icnt;l ; ys :i~

at uusL. ncmt:v for their ero' KLO.t TATEB (.1, 3,) -

Lr~-.aj 2,,6 -t~rn itr~bn~n) i exc':4i~m.:din thi- Trz- t.

Wreln *iW:' - expos d to rcKnlultreviiolet radiation, th

rnate>1 q1..n l. jrkens f-rco.,n yel~ to IhOaclk. tlzing electron

rcson-inc ( 3 ), -; '' folin-d that free i tu1ical formation accc1:inic-s

the dizo< ?:, zl that~ these rW:~:~a ad icals are reviarkably

Stable.

Ficjurc 1 ~*' th-: ES-0 >e.ctru.ni Characteristic of UV irradiated

powxk r sa-mples oc ,iT3 an asymmsetric line hc vingj a peak-to-trougch

width of 7 C. rIasL of the ir-radiatioriz; were carried oat in air roy-.a

temrperature on Paritex samples2 containing residUal NR4CI f rom~ syn-

thesis. flowever, no clif ferenccs we,.!re found- eithe r wh en theCse Ca;1 s

were leached in boiling water prior to irrad-iation, or when chlorivic-

firee samples synthc.,ized from TNT 3I %',x re user]. The- sar-c' sjxctruu also

appeared When irradliation was perrmed--- in Vacuo) at Tiqu\C1 ni tr-n

terqperat tre. ESR~ saturation effects w,,-re obevdat. pawear levcels

of cibout. 20 ymq so spectra were qlenerclly tziken at pxeer levels o[

only a few mrill iwatts. All solid sariiples exa;-inc-d were i.chs

Wnhile TATR is crystalline in form4 , the material has low solubility,

so single crystals sufficiently larqle for ESR studie s arepreny

unavailable.



v"O carrijed out. in sitLu irracii.a!.-ion (:rm*itto C!xamfiYvra i

Cal roduXLCtion rate. 't hr! froce radici li~ ros'>,- rrulid ly at firfst, but

theo vA f Zo-r, t l n. q--a-1-ally &d-cr *'ai-.r C). furtheri- irradi ationi. 'Thi-s

1>- ::rr~1' u to UIV opacity 0' thes~l- craia forITL-

t jC::.- . :~hE a.saiso:r -I tl;- ! ;.rnple in-

- ;. ~~:.: is lwr

-.. 7 tcbie th~s::p: 5durLin~j i-rcdidtion to

ara s igj. 2illustrates the

arr; ,:7--.z :.. nc)t show.-n in tho ficjuro, vwa- a 600 w"att

rercu-v f,.-)e 2 c ed in a bezii al:out 2 cimi in diam~eter.

TKI B vr~. "w7~ci n the 5 rz:,. guartz NMR'J tubec, which in turn

%"as ht . ' x2-:tjsi : t ini.zhein. The end of the I

tubeF Lv~ r ~ U a --rc!7 usinmj a Eshe;:'-t picer of rubbJEr tubing as

a flexible co-pl.inci Radical yields of ab:out one radical per hundred

jM01ccuLe:: otane in this Way.

Since t';-.. radicals were qjuite ;tale~ under aiirbient conditionis,

va-riabole LciTr rat,,ure studies voiro per FIorT.z~d to detLmi'ne Lhermw-4

SU),iLity . Fprintlresults atre sh3-,,'n in Figj. 3. Spactra weree

talrcn frtom roaii teii~peratuire uip to 300 C0 in 20 C0 in cre;:.,'ntS, d;l

lingj 10 mi n. at each toirieraturk?. rThis alloweed EOz ,jite time~ to

obtain al -SPeCCri'i al'ter about 3 ini. or cqluilibration, while onsurinrj

reprOILIibiiity in the presemce of kirmeLic be-havior. Figure 3 slicyas

the spin density as a function o'f tim'riur. biF was obtained

by double inteqrrition of the rSR Sctrnand then, co~jT>:.ns--atin~j for

terv-tr 4nc co polarization pe2r spin usinc-. the Curie- lajw.

No chnnge i~n free, rdical level occuirs until abotit 220 Cc,,we h



numab.2rn of- Fpins b-9 in; to dcroi:ar;e. 5 is c.onfl( by a linzriap.

chnnijil to a sl ightly brolu,-r sl>,ctrtsi (Fij. 4D) with a IY-ak-to-trougjh

1inem.,idih ofI 13 G. At 300 C", this Sf>A-:LruLj; dcisep':vtal ith

a ti& ciit ant of 55 r'in

G~tvnE:~Thpr~gexj2r~ic~ V e arlib~d oatL on ir jiiated s-a~ipes

uslcj r-y'~r. nd ~nx'.e lrocic, n2cccly fyric7-tcic lines resulted,

5:7~7f ii ii~'.411) andl 4c; pekt-tochlinfowidhs wc-,ce 14 m-1d 10 G.

for bcixe amvlornia rspctively. Tjhe- 1ina centers fell within

about oite crix:5; ot each other, todx' o significance t~o be at-

Two' ,-r exist vw13c'- ,.))r;t to steric hina-rance as

the fac t-lli'- the freoe rad'ical. Dr-s. A.N. Carra-7y

and TI.A.' . ~. li:mve run solid state0 proton nuclear iqCinagmtic

resonarnCC' Vx>rm'~ hic'h indicate thit little or n,- NH12 Mo-tion

is present ~ 1aabout 200 C0 , abovo this in the vicinity of 222 C0

the free radicals obz:ecvccld by ESP, begin t~o docay. Secondly, in the

COUI:S'-- Of solution Stud.i(es- diSCL]se b.-Ao, we found that the solid

state free raical spey-ctrxn chng'd aftfrn the S'AmIple was wet With

dimethyl. sulfoxide as shown in Pig. 4d1. The eiffect. is irreversible

in that thc lineshape remalned D~A] wre after subsocqu-ont dryin-j. For

these two cass, t least, a relaxation of lattice riqiLdity by ther-

nial or solvent mechanisms; is acco~nicmid bya chnj-in the free -

t radical signal.

SO7;ONA)I(' T1,21VATTVS OF '1(2F- SOLIDP R.IICAL

W~hen Uir radiatedl TATIA is trealkvi With diM !hyl SLdf-oxide (RItS0),

-.3- -



thc -,OIlI"iO- hairt sl.ightly cdrker col-Icr CTr to tHve pAeh yealcY.

solution ~~ from.i th-- non-irradi'au-d(1 r If the !-oi.u1.iori

prr~.r. ~ ra~~ae f~hf1ris C~:~i'*1by n-, 1 c ~iti;

TT.~~~ ~~ ssolvedc frr,; rcicol ~;xcc;

- "l.w~ot --r th:.- scletioi1 )( ~ xrdi ~

z: ithog 37:er --fn s grea. exclucd to

- -. -- ~ ~:.I'I!ij. rcls 1L hsve a liei~ on

th2 c:? C :n:osed to air, bat la, st for s-xveral days

when

The :'.iinin , in the p::rent solid are considerably

rrore st ~licjuiid p-se, even though a lineshnr.-

chang~e c'-. occurs Nw1".wn teirradia te p.,,deri

moisteni& v.i LA1 SO, as shown in Fig. 4Id. In fact, we.- foun-1 that

after the 1dradical delcayed co-rletrilvy, the solutio-n could h-2

rene-wcd by~r~n it with the parent Ti'Pl.

Glwassaare slhow.n in Fig. 5 was cons -r,,lcted by Dr. A.D. Blritt (R)

ArmsG A and B were usedI for the initial dc,-jassinc rceun Irradia ted

TAT p~~h (tpicily 50 ing.) was placed in arm A. A small amunt

(about I cc. ) of fll$O wXs, p1l acc in armn Ti, which could be in:rsed in

liquid riitucXXjef for dogassi ng. After uc.veral frceze-pirrm2-thavi cycles,

the neck of the apvtratus, %w,:s sealed off undehr vacuuai. ThE DMSO was

then mixed with the jxvider in arm A, andO a small amrount of the solution

was poured into the capillar.y tube of arm C. %he function of this thin

tube was to restrict the aan~unt of DM0 wihich is lossy at the Yricrowave.

frequencic-s used in ESR.

Figulre 6 show-s peraof the liquid radical, one takeni at room

-4-



teK:rkUre, tlh 01o '4:'(: ~L I SI lI OW th 11, i I i~ xi)".rItIL Of ISO (a.brout

155 C', und-l VaCutnI) TheC ' L' u:;lu i~ n syi-.i1 :try at the

hijiqhet7 teivporoture cim be attibuA.-d t w'eff icient rotationail

(avoraqa, of- "1110ci~.~hc ;C2r~ iridical-ive

of ~;:; x~cr ,buL eve~ at the Hial; UcilctIur, resolution

is;izo~Yi': sinc thw :i~js are 'al b than Une 30 frvj.

I 32.Ij j!y,4 5e by the- 1I00 kll, field m'L o- f7jcIy he T-~

surrod (j vliio -s 2.004-1, chiracterislic of a nitro-aror, aLic sjr ,cies. 5

Thtac~n~ d~roledin poncetratcd1 sulfir.;nc acid was usr.ed as a ref-

crene. ~ <4iir~w icentl~iat:ion o'- thlis free radical h-as 'e

made by I* .D ~:t(N );teceilstructure andl splittingj

Constants ee ia&I n F'ig. 7a. ThiP; radical diifers fro:ri the

speciesc :cI'pce: in the irradiatod solid. Evaporationi of

the UISO frc.n th"- SOIIItiOn and exarnin:ition of, the P-oxder resjdue?

yields the sp-2ctrum show,,n in Fig. 71b, wMIch is Clearly different from~

that showii in Fig. .1.
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Figure 1. ESR spectI.rumn ()IAn ed fromn til traviol et irracliat ccl TAIT, powdler.
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of th soi.Tenme fIiI sotildb obeitgaino h

absorption-derivative ESIR spectrull prescnt at. cachi tcmpv!rature; Curie law

behavior was assimeJ by weighting vach Poinlt by its te priw-ature inl 1 0 The.

sample tumperatture was increa5-cd by 20 c0 every tell iniuutc..
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(c) Expostire to MI) 3z, with D)MSo

F'iguire 4. SpeC trt olbtat ifld -ftf'r t r za tnhnt of lIV -1-tria t d TAT'IB.
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Figure 5. C]assware used for preparat.io of liquid state frCe radical.'

from irradiated TATB. Atms; A and B are used during solvent

degassing and mixing, while arm, C is u ied for ob;crvat2jon

The narrow capillary limits thce amount of polar solvent to

avoid excessive microwave loss uhen arm C is placed in the

cavity.
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Figure 7. (a) Preliminary assignment of radical obtained by dis;olving-,

ultraviolet Irradiated TATB in INSO. The ntners show the

as.signed nticlear hyperfine coup ings in gausI.n

(b) ESR spectrtim of residue left behind after DI.SO is evaporated

from s;olution.
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