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A eerier of z&o Ae&t&ra&yl' porpl$ine (akyl I ph&l, 8 ,I‘_;.&d’ 

2'-kephthyl, '2'-phmmthryl; ‘ind dl&renyl) has' bein &this&d 'aed 

chrra&erie&i'by 
n-r sp;it~j;jbpy_ 

The bulky a+yl groupe'are unit& to‘ 
.: 

lie coplinri- wiih the"porphyr&nuolsue and metricted tiotation r&o&d the 

O-p d&.cting boud*caueoe ;Itr&eomerisu. Photophysical propeitiee'of 

the porphyrine ire'modul&deonwhat by the nature of the aryl'group, for 

exditation "direotly'into the porphyrin nudleue, and although '"einglk". 

energy transfer occurs from the appended aryl hydrocarbon to thm porphyrin 
I/ 

it is incomplete for g'-phenknthryl hnd l'+yrenyi'derivativse. 

IIl7MW7I~ 

Increasing use is bding dde of porphyiin'derivatives as m&ls'fc% 

the knergy and el&tr& tranefimrring subunite'preeent in naturcil eye&e 

and.to explore the p&ibility of'conetructing artificial photoeynthet& 1 

mkhinery' [1]. An important fekture of such studies invoivee th;.dkeigri 

and synthesis of porphyrin 'mk~iulas with append&d donor or e&ipt& 

groupe th& facilitate rapid trinefer of ptiotons'or electrone: In bilder 

to obtain rates of tr*nefkr suffidientiy fast that they &o&t& with 

inherent'nonradiativ'e derctivition of the excited states, the positioning 

of the. rlactant subunits must bm optimissd tith respmct to'both separation 
..) 

dietanoi and orientation; it is ml1 eetabliehiid 

depend critically upon both parameters c21- 

connecting bridge ruet be seleotad with care 

4137 

that rates of transfer 

This means that the 

and it is especially 
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important to avoid flexible linkages that fawour adaptation of aultiple 

conformations oxhibitinu widely different separation distanaes. The 

employment of rigid spacer groups to separate donor and acceptor moieties 

t31 or the use of multiple bridg4s to oonneot together single 

synthetic siuplicrity. 

The difficulty associated u$th ideqtifying,suitabls bridges can be 
.‘. 

avoided by attaching the sesood molecular ..1 : sqbam~f .directly to the 

porphyrin ring but this usy cause 10ss~pf molecular intrprity suoh that it ," ,, , 
is no longer correct to describe the system in tern of separate subunits. 

This is a particular problr for elect~oa.transfer processes; benzoquinone 

aolequles, bouded ,Cdirectly to the porphyrin riug, do not retain .the , , ;i * L 

characteristiq properties of a ,841~ qyinone ,’ bqt, the whole entity .’ 

functions as .’ ,. .i a modified porphyriu, as 
;’ ‘, “. I’ demoustrated by, pulse* radiolytic 

“. 
reduction studies 15). .However, ,” this situation should be beneficial for 

ensrgy,transfer processes : in which donor groups are bound to a porphyriu . 3 

acceptor. In this paper we describe the photophysi+?al properties.,of a few I :, 

zins.tetyaarrtyl uorphyyins in.Mich rapid energy transfer occurs from the 

sryl hydrocarbon substituent to the porphyrin. . ._ _, 

Related systems have% been, studied; before. ,Thus, zinc(I1) j : : .( 

tetraphenylporphyrin 1, and its numerous derivatives, has been known for 

a very long time [6] and it has been,ohaqaeterised in great detail. The 

phony1 group has bees replaced with l'-naphthyl [7,8], l,'-aothryl ISI, 

S'Taothryl,[7], and, ferrocenyl.[lO] groups whilst the,,pyrrole rings.have 

been pxtended to generate benzoporphyrins [l!], phtbalpoy?nines [121 and , 
naphthalocyanines 1!3]. Recent studio? have enlarged the central cavity 

‘. 
by foraing sapphyrins ;,[!,4] ,snd texaphyr+nF (151. Iu aost of these cases . . 

the photophysica?_propert+es of the porphyr$n ,," ., /, i qwe chaoged rrkedly by the 

synthetic trestm*, oTten ,, the excited states are pushed to much lower . . , 

energies. Here, we aye qmoerned with retain$ng.the basic properties of , 

the zine,porphy+n (i:e. the, high yield ._ I and energyS,of the loog-lived ,A’ 1 

triplet,excited state) *hilst using appended aryl hydqwca$wms to CollOGt ., : 



hi@h onwgy radiation and transfmr it to the porpbyrin loioty. TJr&wis a 

VW arudm~~~&&~8Momotthr-mturml l;igbtbam8m+*~~.. 

amrm?mls 

Pyrwlo,:.~he various nldabydos, propkemio acid .ae&,m eomO$bia .amd* 

suWmvks worr.obt&wd ‘tm~kldS?fob~Gmi tudvamki ,m.em6eSvadr. ?A&& 

material* fort ebromampby ~~*abtlrtnr+-:Prow~br_8rWr ,m; ,,-am)-- as 

roo&vod. &bsorpt‘ion rrrid i&~~reao1~ao~8poutm wore ro8aed6d .*lttb .'a 

H-k&t Puebard HP: %460&. spact&pbetowWr dnd a PerkLI-Elwr 'LSS 

spretrofluorlmmtmr rirpoativmly,. oerroti far instrumoWml -rospanws as’ 

necersa~ . HI--r and 013-w spectra *we- rocardd~i~~~-..owk: solutkam 

using QE aE-300 albd m QE-800. &nstrumomts.~ All Qarpu@dr gwcr 

satisfactory l kawntml an&~os for 0, Hh 'I, and Zn on the asstmpt%on thrt 

the isolated materials wore the monohydrator and FAB-mms s ~rpootromot~'m 

used to confirm the wlecular.‘Lbn~..~ThQ~Q~~ rfructures H wore in 

full aeoord with all tha spectroscopic data and t&o’an -silica gel using 

ha#tan& + CH2Cl2 3 + f as m&&lo ptmse~ showmd thr .proronw.ti a sia@o 

compondnt (RF valuos4 1 0.28; p *O&27; _gj 0.1s; 4 0.23; @ o.*ay. 

Samples worm pur#imd by tla ~3.mmod~~trly~pm%or~to m&i&kg tbo ~~ras4aop~a 

ReasUC-ts . ” 

.‘Mawr2rlS 

Dowp0rnd.l wmsalrtahod fmm ~##idwntwy Ohrb Oob ad purSf3.d hy 

coPUmn ochrcorrtagryPhy. an ahmibta rring @MXr.ms l luant and sub8oquontLy 

reary~talliad ,Fbom ho%mne + MN&S. Zine(JI~) wtrtra41'-napbtbyk) 

porphyrin p w pr-red and 'puritiod jby 43bm m&iaod of Abrabm et cl. 

[aI - Zif~c(If) mow-t&ra(2'-naphtbyl) porphyrin' 4 ms; pryrrrad as for 

2 and reacrystallisad froa" hemnr + OH2Ok2. Zina&XE) 

~so+YtireW’-phmmnthryl) por@w+n r and i ZiW(ZI) 

mew-toiMa(l'-pyronyl) wyrkn Q V pcuprod adI. gum&~ *y the 

gonow& md@d l itaUish.d by Tw+&.bs ti MaMlr 173. W&th.'*+qll thoar 

oompeullrh,Mwuwmiveccblt#w ‘a- mpbj 01) siuw 90% d~f~~hoptaeo 4 

OWla w wloyed to raovo.rirldwl tra- of a+yl hyrlrooarbmn. 
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Jlethoda 

Absorption ad fluomoa4oe apwtrr war* meordod for mcbrm4dil+t*~, 

solutions of +IJ in cyclohoxanr ,and: tWehmaoenom quantum yields wmm 

deterninmd relative to 1 (+= 0.033) [16]. Singlet axcitmd atate 

lifotimoammrwroeordod f& the abovr aolutioxa uaioq a wdcloekd WA2 

aynahronoualy-puqnd uavity dumped dye lmaeh uaimg Rhodomioo 69 aa d#riend~ 

tha OUtQUt :wma a&aljFlti~'by .thra.t ime-worrulat&, Einglrn photon oourntd~ 

tachniqur. hfhsh photolyaia .aCudima mar. rde w&M 1. o-aw.kWhad .Quantol 

481 Wd-ym Laaalr’ using 332, 365. and 288 nm mxaisltian 88, ep2mprimt*. 

Solutions were 'ad)uatrd~ to pomaaa an abwrknea of 01.. Odl.‘at. t)M 

axaitation mvclilongth :Lmd ware bmbblmd with Ma. Laaw imtenaitlrr mar1 

attemuat&d'uafyi oroaamd-polmriarra and.thr #rmported data.W~~obtaiBmd at 

low intonaity. iriplmt extimction coaffiaimnta wmra obtained .by the 

comploto~8mnVmraion method.- 

Rfa&Ta m DZ_ .I 

Struoturrl :inforrtiom 1, . 

X-Ray data ~'mlEmtd~[lf) for oryatrllinm 1 show that tbm zinoCI1:) 

ion in the squmre-pyraaidml configuration ii diaplrood*by ea. 0.2Aftor 

tha basal pIane at tba W-atm .tMrda thm ooordinatod watrm molroula at a 

distance of ca. 2.2OA. Steric repulsion bmtwoan the pyrrole and ortho 

phony1 H-atoxa prrvrnta the rao-phony18 frox bo&ng won approxtitmly 

coplammr with the porphyrin ring; a aitumtion eonaidwably agf)rrwrted~ by 

aubatitutiom at the ortho position of thr ,phmmyl ring .[lS]h In the, solid 

state, tkr mao-qhomyla lie at an angle of aa. 300 to the plmma of the 

porphyrin ring and calculation8 [WE. have l u22oatod that tbm groupa are 

only l liqhtly aura eoplanmr in aolutiom. Qeapito thia ,obvioua 

nonmquivalmce of drtho and wta H-atom on thr phqnyl rings, the nmr 

pattern observed .for 1 in -13 8oLution at 3OOK ia. rmrkably awl*. 

Tha Hlimar ~apruttwm,wmm br intarpmatrd easily, vrluea of 18..S6, 8.24, 7.,78 

sad 7.73'ppm d-field of THS 1~0 attributmd to Qn and 03, ORehO-, lVtb 

and pmm- phemyl protoer.raapootively. and ,in thr.G.W amrux rll 8ov.m 3 

resonances can ,bm.mbaorVod; Ci and 04, 02 and 03, 06, OFthm-, m%a-, @apa- 



sytwmmtio ctudias L.181 ~orrried Qut w&th VWW#W l uwtituwd 

tmtrrphmnylpowphyrinr indAa*to that ~t8tiomwowm#.W#a~muo, O+ band is 

to bo oxpootmd in 1. Thus, the ph#yl groups in Ican bm rrgrrdqd as 

bokny# dynrda. * 1’ i : I 

‘Witk 3, *Ikrrr the. nmphthyl urbstitumnt-. im mctti* to. thm;~+qw B 

atom at thm 2'-porition, the nw p&torn ranins simple and a sin@w.mmt 

of rosonam~~s .is obsrrvmd (Riguw.1). Jn~thrM-mr spoetrun,Pri* *Ioar 

rignrl= WDIY ewwlwad; the 02 and Ca protw boimg -i&y rooq@mg4od mt 

r 

Figure 1. Ill-nmr 
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respectively. The relative simplicity of thesm pattorns Mf#lr' that 

a&o$SW@mW%slu ‘da. %oWOoOur i.ib- 3 dum to.’ rotation~~rround !'the ":0-C 

linun#e~~ k. : '2, I . ‘ ,' * j 4' '8 : : ', ' i , I. ,. ." 

In marked +Mtrast: tbb *Lnr patlMrvW O’b;ieM - mith 2, wr)ru*r !. thr ‘* 

naphttiyl'te&WtiWnt is canneeted uia"the l-'-positidnN:#i"c#rlplM@ (FiguUW 

1). Tho corresponding spectra obtained for the free-base analo#ue of 3 

rmined simple (81 and were interpreted. guch findings infer that 2 

dmnstrates atropisomerism braauso of restriMed rotation around the 

bridging C-C bond. This 'hypothesis ik strengthened by the observation 

that the 02 and Cs protons arm shifted'to 8.58 ppm due to shielding by the 

adjacent naphthyl group.’ This shielding effect &I&&S that the naphthyl 

groups are angled to the plane of the porphyrin'ring so as to overlay the 

pyrrole group. 

Nmr spectra reoorded for 3 and @ are complex (Figure 1). In the 

Ill-nmr spectra, signals attributable to the Cg and Cs protons are split 

and, and in the casm of 5, shifted upfield with resikt to 1 and g; 

the signals being centred at 8.9Ei and 8.80 ppm 'for %: 3 and _S 

respectively. This suggests that atropisomerism persists:for both J: and 
* 

9 but that, in CCCla solution, fi adopts ,$ :structure with the 
$, 

phenanthryl substituents +1-t perpendicular to! .thi porphyrin ring. 

The magnitude of the .ab,ift&&ved for S infersythat, here, the pyronyl 

group is ~1082,: but not qu+te; perpendioular to the plane of thm porphyrin .i \ 
ring _ These suggested structures for 3 and 5 have not been confirmed 

by Xl~y~~ffh~~on-~re~lt~ but such studies are ulanned:' *. , ‘. 

013~Nmr spectra roeorded for 2, 3 and @ in CCCls~~lution "Mid' 
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nut~W.$~rwtmd~ fully hnt the .@I rrrd 44, 0e;and brid~~aaabst&tuti~G. 

shg@mu wmeo f88ol~ma'ia~rnmmh OI8.r .Thm mbomawmd ~.*hMt*.*nrm ObcU&ewnti 

w&m tl#.i*Mw&awa,aUod aa the &MB** ot:,thcW-_n(lnsymr2-., % j 

i : twts&am~ie4~t4mm.:~rrin mbwaebn.&#@&~ 

In ‘_%til~b: tbwbthor -8, tbo ’ :abrronptiom l pmetru rmmq@dmd 

for 1 "in dilutCl oycl&mxanm solutimn.(F&gure ilb,rshews '*hcmm rmgion* ot" 

intmrmst;~-namo~y* t&r sw'ior of G+ahd* 16mmtmd+ b- 48&400 nm, -the. 

intense B-band located at w. 420 nl, and the UV region~coatain&ng&amd* 

associated with thm aryl hydrocarbop sub*titumnt and weak N-and L-ban*. 

arising trar).tbm p&rphyrin.rin@. The O- and-bbaMd* retmr to mxoitation 

into thm first ad~rmond c)JLeitrd rlinglmt stata* bt tkbe*porphyrin ~~lowle 

respeotiWmly l nd'@Wir larpytion ahb'intmnsitiy rr'o l ttciotod by thm nature 

of thm arJ1E' Substftuent. 'WSroscopic deta&l*'. arm mdlmotmd in Tablm 1, 

It is ..umn that as thm "nr*ibmr of aryl rang* on tbm substitrmnt (n), 

increaso$ ihb B- and Q-b&b movm towmrds’ *Sow& mnmr$y, the l nmrgy sap 

betWnn + and~Qz+&aadademrmnms, thm.mbr~mxt&nition cmmttimfmnt of thm 

'120 

Figurr 2. Absorption spmctrum ot 3 in cyolokrrrm solwt%ea~~ 

1 , 
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*bmd. cloo~sos tiilst th8t 0P ths ‘*-b8nd: in~~&s;“‘aiW’tho hmkf~h~ 

of tbo: Wnd* ” Ancreasas . Whoso . spectral abmm@os, .itiiemtr ! Mmt G. tku kqaw 

sryl hydrocwbw’ substitumts ‘indrpai fnorunbd ” m&itibg~ 7: w ‘;th@C tuli: 

singlet strtms of the pcrphyr"ir"rolawlq. It ’ a#pamM i that 8#’ i -&rboM#ms 

the..So-Sr ~~trars%ticn, JIUl# iswbly~ prmtAa&ly~allmmd b&musc~~~d~ipqnUty 

rastrist&km, mteals .~fntmnsity fr# the I mom.. fmvmuraWU 6~6s.’ t?mw&tidn *i 

Tab&r It. :~~&bmo(*pticn ,apaotrr;& : drtr&&s >*orr: H mo8suMoi “&lb ~tilulm 

cy&&ob*qml~~s6Luticn. 

a@::. n : 
i 

~ ” _ D .* 
E 

x ‘, ,( ./: E ,“I 

fnm) (X-1 a~*) (ti) (m-1 cm-l)< ., (II)) *um-l)*+ 
- - 
1 1 ‘.. 4*6 567,660 1: 646 22,..76& ?sw ‘2,aoo : 

a ,.2” I 0. 422 566,666 .-648 23&66 564 12i26 :: 

P Yi%2 ;. 424 r s68,800 650 23,$66 .SW ,i:&,Sra~ d 

4 -3, !. -426 554i666 556 ,26,746. am, B&66 

g.,5 4 ~432 421.666 ‘I 552 31,370 ‘590”: 4,.660 : 

-The fluormscolor.prcfilrr, wl8W.d ia dilwko ayelob-. selutiam, W 

good &rrcr-sy--_‘ry wiib the c&&kding rbsor&on spoctr& in the 

*ro2icn and f&Uoroscmeo rmto constants (kt) wore cm&culmtod from tbo 

into2rrtod spook (Tablo 2). It is smen that the rrdlmti& r&r 

incrmasos sligbtly'rith incruvir n. Fluorosconco qumntum yields (: i ) 

and singlet l rgltod state lifetim& ( ~~ ) also inc#?emse with iastkmsin2 n 

and, here, the chmngos mro loio pronounced ; it Is clear that ‘the 

substitumnt has Ibre effect upon the rate ccnstmnt for non~ir~~ve 

ductivrtion of tho,singlet l xcitxd state (knr) tbrn it has up& kt. 

For H, thare Is 6ccd rgronsmt botweon corrmdtod l i&ltation 

spmctrr and absorption spmctra throughout thm ontiro v’isiblo’ rm6ie. 

Thus, l xcitqtlcn idto both 

quantitative convorsicn fnto 

fluorescenor can bo dotebe& 

this is a minor prccoss ( l f= 

B-band @VmS rism to some hot 

is not sn &mpoFtwt, pmeomme 

e rrM 54mnds results in e8i;intidiy 
: 

the first excited sin6l.t stat*. Wry mk 

” from the saccnd singlmt u&citmd4 strtm but 

ox. lo-r.). In addition, axcitation Into thv 

fluorvscenoe wound 570 IN but, -in, this 
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Tnkptct .dtffcs?encc l pcotM WV. rccoFdPdr,~~fer.-~~~ .i*. qae 

oyolokcRmb@ foP cx8st*tion ,?rt 532 nmr TbC~ -We :mcWr iW-qa 

diWWWB8PI apoetea II)Cc faund te dcppnd, ~.tbC~ n8tWc ,oCtb* !*nYL 

cubctitaow* oWuarin# rt,4FO, ,404, 47s. 4sTJ. 4nd*472l':M WiWtiY M 

k!L but t*o set&L spootril *rotixn mHD&nmd cimaev tQ tmac 

poblibbcd for 1 E20.21). Triplet lbfctimwq ~cmcW#d indapadcet of .tbc 

cubctitrcnt rgd wcro+oI. 0.25 .-m,* this 1-t ?king, <cot by aba; ..lcvti~~Of 

rccidurl orysu~rawSnin# 19 tbc coluti;pn. At hi* lurr int~~y,~tibc 

triplet ctctc ,dceayad vim coaomd qrdpr kMtiiuc&&a~te ,triplct - trlpkt 

annibilctAon~ tbs. bimPlcpm&r ratr oomtcnt form ,ttbkc-p roaccc bcino,Clcid If 

0.5) x 10s. dti ~1-1 n-1 for &..JI=& #Im l lKtimatim aocffi&aWtc 

detcrmknrd.rt tbo rbmorknf?o’ mu&mm for ccch oomp~und fall- within tbc 

~cngc~(74,900 f iO#!#@)! :kt ar*.but' wrc .ohrraetcrirtic of I); *in* the 

cxpcriwntrlly, dctcrrSmd whcc I and with ~.~.mc~~ctmdrri [XSj, qulllFum 

yic$dcJ$or formWion of tbc~triplct ctctc (s,:t)*weo ,mpmcwod :(Tablq 2). 

St is cm &hat 'the tr4pl.M y%aldc r-in similar to that of 16 

ocrtcinly tbcrc crc no rrJ~ti dwrrcoc in tbc cffioicecy for foruMsSon of 

tbc triplet wnifold as-the sirs of the cry1 cubctktucnt is incrwad. 

T4blc 2. Pbotophyciocl ~propartic, Boacurod for w in L*~laocd 

cyc&ohcxrnc solution. : : 

T n . . t’k* ,<’ kmr I .T* * . so* 0+7? 

% (lQ-T. c-1) <10-r *-?). (0s) A ., .‘.’ “41. 

115 .1.7.: 6.2, * ..-I.88 I 0.033 :0;83, : 

f 2 i .a 3.7 2.33 8.064 Q.61. * i 

2 2 1.9 2.3 : : .:+m _ ? _,~.<.O.aQs. ,, ,o:a* .; 

f 3,. 2,@.. 1 . 9 ,.. 4.77 '.~.0.103 0.89 

9 4 I) .a,5 1,a .4.92 .>.: 0,102 . 0.85 ,. . I 

Tm most Gs84itient ohm! te#at a wmpmni.8 copuwmon t.of the 

mmcnyi *&MP-. ti*b l lcm rryZ+v: byd*puW<.ic tbc-inorm- in tbc 

fluorewamw,~*e&di Tbia inem-&c -8 to 8n iaremcc ia kt, a--cd 

with tbc&ecoeplMa cpc#tnrl oLuy# ,:dwcr&bm@ cmrlicr, and 1 dccv in 

hr. 1 SMw.tho cffiaioncy foa fW!W?tbn H, the triplet ctrt*:sc'~vkot 
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are .dnor &a&au S.n@etdm dum td ht~tluo~U~comc@, it”ap#bWlrj ’ thre 

rrJ,axati&n -.to the fiMt .rxaS.tod l ine(PmW otat~~prodaolnW!ea. ;For' -gj 

excitation at 356 nm rmaultod in lmaa dfioirnt forrrtMn bf th*:tPiplot 

state (at& 0.69) with rmapeet to excitation rt' 532 nw 'HOI-O, the"pyrmyk 

group abqorw at 3S5 nl, but wst~at 532 nm,aInd it%ou%d appear that 

internal* transfer of 'mlmctronio .enmrgy fwwm thm l iibbtiturnt to the 

porphyrin Ping is in~lmte. . 

ExciUtion lnto.tiio rrrl hrdtirbon bmnda. 

For m! rx~itrtMn:with a liamr pulam .at 532, 35@, ". or 266 'M gaire 
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porphyrin nuclmus and tq(lT, W3) transitiuws~usomiutmd.~@~ *he aryl 

substitumnt. Xt appmmrs that l xeitation into thr M- and L-bands doms not 

result in qkntitativm relaxation to thm first mktmd singlri &ate but, 

within the aocurmcy of thrsi mxpmrUmhta, thmrm is no indie&n : that 

photons oollectmd by the substitumnt are not transfmrrmd to the pm*rin 

nucleus. 

For.3 and S, therm is quite ikor rgrmmknt bmtwmmn l xoitatian l nd 

absorption spmctrain thoUV rmgion (Figure 3). Subtracting the tro 

spmctra '$JSQ+s. ‘a .~+msidual -.spmctrum "that closily rmstilos' that 

charmctmristic of the aryl hydrooarbon, inferring that transfer of 

eacitation l nmrqy from the phmnmqthryl and pyrmnyl substitutis 'to thm 

porphyrin nuclmus is incoxplmtv. Exoitation in thv UV rmgion m not 

produo. hish morgy fluormsomnom attributrblm to thm l ryl, rubstitvmnt, 

indicating that the absorb+ photons arm dissipatmd via nonrmdimtitim 

relaxation. 

Qumstkons naw ‘AAm as to *Ihy 
. 

intmrnai relaxation is inwlmtm for 
_ 1. 

3 and 4 and;" in the&i casms, &at ia' the fati of th& .lost@.phd&ns. 

The rat0 of relaxation man bm rolmtmd 30 thm Fermi goldmn rule *Ihioh 

exprmssms the rata as the product of an l lmctronic moupling tom (V) and 

the Fran& Condon wmiqhtmd dmnrity of stxtms. Ghmgmx in the 

stmrmoeh~stry of thm rolmculo will hmvm a profound influmcm upon V and 

it smoom probmblm that this tmrm ~211 bm lab whn thm rryl substitumnt is 

held virtually pmrpmndioulmr to thm planm of thl porphyrin ring. Thus, it I 1 

is rmasonmblm to mapmct 'imlativmly slo& intmrnml rmluxtion in f and 
” 

5 -m For rmlaxation :‘tb bm &w#plm~m‘; harmmr , thmrm lust bm somm 
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