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bbotrut-ThoJcthmtiocl~for~~ of a hydrogan atom from ouh d savual 

hflroc&ons has b crlalatad ashg the AU1 ma4anlar orbital muhod. The c&&tad brrriu 

fortherbautbn fran methan. h 15.5 kal./mobe, ia gaod yt wml ape&Mat. Cakulatad 

bankrr kr othw abamct&n s m rusowbty good. They m mti impmnd whea tha uknlatad 

intrinsk barriu is und tugattur with th4 upuirnantal heats d rwtko in a madifiod *ulrtbn 

d Yrcus Mary. 

Hflrogen abstractions by fm radkab an important p- for many aspor% of organk 

and pofymar cfmmlstry. Pravkus 8ttunpts to modal then mctions rdng mokeular orbital methods 

ban not kd to satisfactcq rrrrlt~.~ Small basis set rb initb crkulatkms amot adquately 

daaibe tha dMaruKa¶ ktwoan tha mnts and products. Smatl basis sots are in&k&at d# to 

the arbitrary nature of their dencripti of the diffuing number of bcmdhg iaterut&ar in thr 

tfrnsition state as cunpud to tb4 reactants. lf the brsis set is rugrwnted to batter desaibe the 

partial bonding in th transith state, oar needs to rbo uaa the ddih~rl bnb fuwdons in th 

ukubth of the ructrnts. Whan the basis is not complet4, tha arbitrtrinesa in p4acing those 

functions nur the (-rated) roactanh leads to a parti rrbitrarinus in thr owrgy of the 

ructrnts and, ansequent&, thr activation m. This probkm has beam discurwd prwiousty.’ Thr 

socond probkm is due to the ebctrom corddon error. The atent of ebctm auralath wiU vary 

with the extent of bonding betwean the species. For example, H~rtm-Fock cakubtiocls give my 

poor descriptions of tha energe& for band cloavw. Exte&d confi(urrti intwaction 01 MCSCF 

ukulations an generally necusary for reasonably accurate rb initio ukabtioas. The passage from 

the transition state to reactant or product in a hydmgen rbstra&n ruction ir vary much like 8 

bond chavaga as me of the (partially) bonding intmetions is eliminated. 

Pmkur attempts at using semiempirkal methods to describe hydrgn rbstm&on ructjoI 

have not met with much success. Tha reasons Car the failun lk in tha methodc4ogy. In partkulu, 

the MNDO method ovenrtimrtes tha repulsiva in-s invotving hydragans, which, paumrbly, 

is the major mason for its gross overostimatioa of the activation enew kr hydrogea rbstra&m 

mactions. The advent of the AM1 method,’ whkll was coac&Bd with a spa3ii goal of auracting 

theso rapubion urors, and which is mported to ghm rusonablo descriptions of hydrogan bonding, 

has encourqod us to nineate hydrogen l bstrxGm roxtions. 

METHOD8 
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produn, the trsndtioa st~tm wue dirutly snd wmpl~tdy optimizad. The onty uuption to tbo 

JbOVSWSJthSSUdydJbWJUklS frwn t&SJS, WhSrS tha sfomstk ring WJS kspt plsrsr. 

T’bS WI&J d ths akuktionr l prr#rttad in tsbta I-4. lh~ sctivstion uwgy fo? thy 

Jb~tr~cM from CH4 is uk~htod to bs 15.5 kcat./mds. Thb v~lus b IlrllicirntJy ti to thJ 

SxquimSatJlty mSSSufSd WluSJ thrt it iJ wwthwhik to cwljdw ths vJfbur SxpsrimSntd 

dMuminstioer of this wctior~ ir rhr gm phsso. Most wpuimontal dstuminstions hsvo urd 

isw@+f lsbs&d mothsna and/or mothyf fadicsl. lha w&our aqwimsntrl and okubtd 
whsipiaofsctivaa kr dMsrwt a~~~bia&us of pot&tad ad &utarstal muhyl rsdMs snd 

mothsna m caktod in tab& 1. Then vslues wua c&uM by arruting ths sctivstion seugies 

by ths sppfquirta dtffwwaa in zero point mugs akulrtd from v+bdonrl snstyns urirg ths 

ml SRthJ@ SJti. ti UI k Yn ff’Om tJb& 1, thS CJkUlStd Ktintion Sft@ Jn wr]r 

dorrto~arpwimrntrlvrkir*~akulrtd~dpmku~~#~mrth~~Rdiulbta 
kmr tha 8d~8tkm mugs by Jbatit 0.5 bl,/mdr, *ai& th dbt d pUdUU8tiftg h m4thw 
is c.&calstd to nhr the rcthnh ua?hJpy by 2.2 M./mok. onr shaa note tbst the 

CompJrhon is with Jx+mSmd SSt)s@&J d cretintks, which WfS (nscws f#y) dwivSd ftwn 
~S~SS rnurund wu s nngS d tmpaatumn. The dfu! d turdin(; upocl th ownll r8t~ will 

rppu-f in the prwxpocrwrtlrl fsctor. Rather, h an bs trastod 8s s modificstion d tha trsnsmbsioi~ 

codlksnt, r, in trsnsitii ststs they.’ Turnrling should hsvo (10 offact upim the snthsiPkS 0 
sctivstioa. 

RO8Cth 

fsbk 1 

CH3 t CH4 --> CH4 + CH3 

CH3 + CD4 --> CH3D t CD3 

CD3 t cH4 --> CD3H t CH3 

CD3 t CD4 --> CD4 t CD3 
l ff OnU&U Jm kl kd./mdr 

frbk 2 

6ubwau Hmtd w* 
mac!h cak 

z6 -4.5 0.0 14.5 16.5 

C3H8 t-1 -9.1 13.9 
C4Hi0 0W -13.4 13.6 
CH2-CHCH3 -4.0 14.7 
phCH3 -3.4 16.6 
w-w6 45 17.2 
crc-C4H6 -1.5 15.5 
rfl onugha am in bul./mda 

Actiition Energy 

ak. Uywr. 

15.5 14.9 

17.7 

15.0 14.1,14.3 

17.2 18.4 

ruIIi 
uk 

15.5 

16.6 
18.1 
19.6 

16.6 
18.2 
14.9 
15.9 
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Ad= AHi+AH feution + @Jbtbn)2/(I~i) (1) 

hothor awful rpptkath d M11cu8 thmy is to rscakdats tba acthmtioa mwiu udng tin 
intrinsk bafriu IId tJ@ OalpuhmJ hts of mction. Thb ruows tha modrllky pIoudun to 
owramo th urors dor to the incomu ducriptba of ths huts d fomatjon of et. ndiuh and 
consquwlt wrws huta of ruct&n. Tabk 3 amlprnr dn eivat&m ulthalpbs ukulti u- 

thm diffarant sets of aparin~td r&al huts d fomrtion (them uaod by [)rmr, a, wd 

<;rilbr) with the axporimontal valu4s.1~ Tha activation panm4tus an in rwsoaab4y pod a6mament 

with tha expuimwal value8 whaa akulated in thb manner. ihr apanrclt would k improwd i 

oao - to add 0.5 kcal./mo& to the axpuimental values to correct car tha fact that th. 

abstractions ware murumd using CDs’, nthr than CH3’. This Mustrata thr utility of using 

Marcus thuwy in conjunction with MO ukulrtion to modal impwtant wction nriu. 

Tabk 3 

jithabv d activation 

SubStrJte uk. WthodA Method8 MethodC urprr. 

$6 14.5 15.5 12.4 15.5 15.5 12.0 13.5 15.5 14.9 12.2 D 

5H6 (2’) 13.9 10.9 10.5 II.6 10.3 0 

C4HlO (3.1 13.6 10.1 8.6 10.7 6.2 0 

CH2dHCH3 14.7 7.5 6.4 7.9 7.7 0 

phCH3 16.6 6.1 6.4 6.3 0 

cyc_C3H6 17.2 16.1 12.9 D 

crc-C4Hg 15.5 II.5 1O.I D 

CakuWo~~ of Enthrlpb of activation usin tha intrinsic b&u ukulatod for CH4 + 

CH3’ and hts of roacth ulculrtd as da&ad b&w. 

All oaw@es an in kal./nw& 

Method A UMS rWcal heats of formation from McMilkn and Go&n, rafuence 6. 

k&hod B usa huts of fwmrtioa from Dowar and Thkli2 

Method c uw) radiul Heats of krrartiocl from Griller ot al. Nfuena 5. 

D (in ager) means abstraction by CD3, all values from nlrrvcr II. 

Compbta optimization d the mactiae prths and tnwitioa states may 

b@-wc-tJyti many raxtkx pauses. If ala 08 astablbh that the Ywcus qortion 

wo&s prqwly within a raaac4wbk sampUn of wctionr that pnrom8bly foUou similar rwctioa 

paths, Wn on0 can usa the intrinsk barriu axtatad from ttwn akt~latbas m with dmpk 

thwmochunkd data fw dn additionrl raactbns in q& to akulota their xdvada~ 

panmrters. The themwchrarical data may k obtained in wh8tevu manna b most appmpri& or 

available, oithu axphultm) or thumtkJ9y. 
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twriu iecm8sn with lecmnhg stuic eroding in tk tf8nW st8to. 

maRf&atiS~d aI* wins& b&uY of atom-tr8whr tis with 

rw6u&s?~ This be&r* owns cwabtmt with m irtrirsk b8rfiof tb8t 

st8t4 d Jmc+st awtant 68omwy aumpt foe the 8dded methyl groups. 

Kmvoy has rbo ohwd 

structunl chmgn iR the 
ciomqmds to 8 tr8RsRloR 

In sudh 8 an, OR. would 

wput 8 8m8U hcrnn in mpul8iuR (in th4 tmwitbR snte) for 08ch mthyl group 8dd.d. h is not 
cm* dw whthu t&i8 is the onty uun of the imnnr in intrink bnkr, AwtJw 

possibility & that some of tha owatlmrtba d the mpuldocls ktmn H’s rnd other atoms that 

~8s cowutad for in the mudMutIon al the hiN[X) fwmdbm thrt dbtin@ha the two mOthadS 

run8inr iR AMI. A l8st cmpIiatbn that na8d to be considuod for the 8bstz8ctbt3 react&w 

invotved in this study is thr PapibUity d tunmllii. Kin&c imototm affect studies oa hydtgn 

abrtndkr macti~s saqat thrt tundk6 auts 8 -itbet dkt on tha rata of theSO 

mactbm Howaw, tunnJia6 should rckct the pmapomcldal factor in the nta qurtb, not th+ 

b8rri.r. 

Tab804 

PropthQITna~ sutm 

R8dical R-H R-H Me-H Me-H Hut 

(R) distaaa bond dbtanca bead of 

o&t fw&oll 

$6 I.26 1.27 0.46 0.52 1.29 1.34 0.46 0.4S -4.5 0.0 

=-C3*7 1.25 0.53 1.37 0.43 -9.1 
t-C#Q 1% 0.54 1s 0.41 -13.4 
8lw 1.27 0.51 1.33 0.46 -4.0 
b@wf 1.27 0.47 1.35 0.4Q -3.4 
crc-C3%j 1.30 0.43 1.28 0.53 4.5 
crc-C4H7 1.27 0.43 1.3l 0.48 -15 

(dk 8nea) in h@!mms) 

In c.uad~JoA, AM1 uknlationr give ruma~ accurate dwriptionr of the rwctioa plv 

invoke in hydrgn rbstmc&n. lb@ intrinsic errors in the rd8tiv8 heats of fofmrtkn of tk 

vrfious r8dic8b c8n k adqurtriy awact& fw usin modifkd M8nus thq. This m@thOdOb# 

shou# k o&ram* uwful fw moddlin6 8bstr8cth n&r iwolvin6 Irrge mokuka inJudin6 

ch8in tr8nsf.r proasses in poJymws. 

w - Thb uwk w8s wppwtod in p8ft by granta fwm the U.S. - Spain CWth 

Rosaarch Prg8m rnd tha f%C9HE grant prgrm. Canputin6 supput was prwidui by the City 

Unkusity Cmnputh(, Clcrtat rnd the Chdurto &hod Cmputing Flcility. 

1. 8) R8pX-h8Ume bf. T.; CkRMn 
Leroy. G.; Slnr, M.; knant, A., CM. J. 9 

J. J.; Whitten, J. L., 4. Am. Gem. Sac, 1978, J@, 747; b) 
hem.. 1065, @, lU7. 

2. Dmr, M. J. S.; Zoebbch, E. G.; tWy, E. F.; Stewart, 1. J. P., ,L Am. Cbam, Sot, I=, /07. 3002. 

3. fhwq M. J. S.; tt&waW,, J. A.; Vlcriu, C. G., J. Am. Chem. Sac., 1666, @, 1963. 

4. Sch8a, G. C., Chm. Rw., lge'l, E 8%. 

5. Wlu, 0.; I(urbus-K8minria, J. M.; Maadl, A., Tkodwn., 1088, ilp, 125. 

6. UcMiWon, 0. F.; GeMan, 0. M., Am. Rev. Pbs. Chm, 1081, 33. 4Q3. 

7. Mwcus, R. A., 1. PM. QR& 1666, La. 891. 

8. Murdoch, J. 
see.. 1972,s 

9. Cm, H. 2.; Atkvrrr, M.; 18pt, 0.; hid, E. M., 4. Phn, elm, i=, &, 15(n. 



Hydrogen-atom abwaction by methyl ndtcal 7625 

LX. un;‘2a3. 
J. C . Rapz, M.-T.; H&d+ P.; Duguq, 8.; Ladw, R.; Daaaanbu~, J. J., Qmr. 

11. ulu from Trotmu-w, A. F.; Y#nr, G. S., Tebka d Bimokcwlu GM Rwctbw, 1967, 
NSROS-NBS 0, U. S. Kkpt. d Cumuca. 

12. Doww, M. J. 5.; TM, W., J. Am. ulun. sot, 1Qn, j& 4907. 

13. lcmmy, M. Y.; In-sooit, H. L., .j. kn. Qwn. Sec., ien, @9& 4907. 


