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SOT1U! )l.mazinn pfayrooms ofCfzemistry 

ClirisWn Stryaom 

)Is ofie" tne case witn numa,,'ty, we oet so used 10 tnat wliicli is 6efore us, tnat we joroel 10 

uppriCwte iL ] "ope to rel{jwf(e ttl my fe([qw chemists III tlie awiie"ce lfie a-warer'eJs of our 
amllZitlB pfayillBjieUs alii to IIIlrodil.ce lloll-cliemisLs to some wonlerfu{ COIlcepts UI a cftemis(s 

worM 

Collterlt.s 

1. Ch,mist.s' l<rys 

Z. Siz, ofcli,mists' pfayrooms 

3. :My cnemil:a(pfayroollls 

4. C£osi"O remarfiJ 

1. Cnemist.' t<rys 

)i cr"emist'.s worftf is matle up of atoms, mofecllfes, efeclrottJ, bOllds, 
retlctlOllj am! refilled' malter. 'To aet au wea of what these dtays" are, 
we start "Witn tlie Ih eolUS of'Derrwcritus, ·wlio (ivel6el Wee/I 460 alii 
360 <B.C. 1(e wilJ a pnifasopner/scie"tist "Who tneorizellnal a([ 
malter "Was made of i,ufivisi6fe partil:fes. J{is tneory was 6aselo" 
foeil:a( reaso"'Il{J as phifasopners or sc'e"list.s ill his fiv;"O lays 
6e(ieved o"e couU reaen Ihe trulli 6y pure faOil:af reaso""'IJ. 

tVemocnlUS 
~rrn,JlIt..fs,flJ!lliLt'ti1"'lrllftl1ry/J~rrjo,tr l /.t.l,II!!!I.! 

ji.ristotfe (384 mc - 322 <BC) ·was alSo a greeftplii£osoplier, a stmf",t of <1'Cato a,,1 leacner of 
jlfv;a,ufer the great. 1(e wrote all awerse su6jects, u,dudino phYSla, melaphysics, poelry, !Do,e, 
pofilil:s, oovemmellt, elliil:s, 6iDfoBY aliizoofooy. 

)lristotfe's th eory was Ihat Ihese ' ,,,drvisi6fe part il: fes' of 
C[)emOCnlUJ CDtlSUl ofjOllr basic eremel/ts: 'fire, -wfiicfl is 
hal alii Iry; 'Earth, Whu:h is coU alii Iry; )lir, Whuh is hot 
am[ wei alii Water, ·Whil:h is coU alii ·wet! 'FAcli of tlie 
four earthry efemellts fias its lIatllrar pface; Ihe earth at tne ~,( •,.~ ..... ~ce"tre of llle universe, lfierl 'Waler) tlierl alf, lfiell fire. Wlien 
Ihey are out of tfteir 'lillura( prace they naW! ,lIlturaf motioll ."'- -"'" 
t(JwarlSlfiat pface; so 60al£J si',(;)11 -water, ali 6u66fes rise ~ '.-J: . up, rai" JaOS}fo.mes rire ill the air. ,)l ristolfe '. ~..• 

11lf"://t"!:.1Dkl1!!1!~u _~'illk 
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'lFitmllJS 'Young (1773 - 1829) all '[lIg{LSh phYSIcist, peifomle([ "{peri""mts to i,/1i1!stigate the 
·wave-lif.! "aWre of light . Jfis ao.,6fe slit e:r:penmellt to shuW illteiferellce pattems of {'lJht 6,came 
a comersto"e ill fater theoreti£af aevefopmerlts of the praperties of ('lJht a"a ,,,ergy. SW'{'lJht is 
serlt tfirollofi a smarr fiofe to o6taifl a aiffracteacofiere"t 'Wd'CJI!, 'w(,icn is ,fle" passel tfirouo!; I'OJO 

smarr sfits. !lJright a"a aar~ areas shuw up all a aetector 
scree" as cotlstmcl1"-ve andaestmctit11! illterferellCE! occur. 

Thomas Young'a Double Slit Experiment 

Figure 1 

'/-.(,· n,,..-: / " " ') - DMeC:1Cir Suttltn 	 Dark Bl1Ght Inltil'1erenc:e 
Fringe Fringe Frlngu 

'11;omas 'foUIID 
bt~'. II",1oI tu rfjIlH'Ul . flu LlI"rJ / rmru·"/ klf'tli .lftt:t(U,.", c/ dllllf1Jrrllt / Hllle \ Illmf 

'WrlfUJm 'lFiomsoo (1824 - 193 7) errrwollea the atom as a sphere 'With a U'''fO''"fy dlStn6utea 
positl'lil! charge ana . m6eaaea withi" it ellough 
e{eclrorls to ufulra(LZf tfie posittj)/! cfttJrge. Later fie 

i"hentea the titf, as Lora 'K.t("i" for his wor~ 
regardiug tfie temperature scafe, ..~1, . t

'-., . ;. ~ 

~$ .. 
\ . .n '. ,._-- " 

. , ­".'. , 

Lora'1(er"ill 	 '17iomSOtJ's atomic slmcture 
/'t~'r'dllti" . fj~iJrJ/b r_r't!!l 

'Ernest rJiptfierjora (1871 - 1937) reji"dQ{,omS01' '5 moadof the a;"m as a ,mifonnfy dLStri6utet! 
su6sta"ce after fris famous go fifjoifqperiments. 1«'", o"fy a few oj tfre afpha parti£fes ill a 6eam 
tfirecteaat a goYfod 'Were scaHerd6y (arge a"g(" after strif.j"g the foir, 'l\!ltheifora ~,~", tfrat 
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the atom's DUllS must 6e COIlCl!1llrated ill t1 tillY, dense liucftus. 1fe lfius illv,sumedall atom to fiave 
a smarr rlllCf.eus ·witli most oflfie mass conceutraled in it aUd 
mucn (uwer mass ef.ectralls mavi"8 around tfie fJudeus. Jfe 
receivedtn, ']f06ef1mefor Ch,misl ry ill 1908. 

'En"st <J(utn'iford 
IJftr" JllttJbt!£!t:.t')r~'nL..tJ/, ltrmLS~!ldulJ',,'r..sll~IJ.Vn/lIl"lmJ 
brlJlitltli 

'From In, earCy 1900's 011 wards aW1I1 steps were "uufe ill In, d~vefopm'"t of In, In,on,s 6enilld 
atollllC slruelure, witn In, fif.§., of vrif[ulIIl scielilists suen as 5Wa{ <flancft (1858 - 1947) )!{liert 

'Einstein (1879 - 1955) ']fieli <Bohr (1885 - 1962) Louis tit IJJroalie (1892 - 1987) alldWemer 
1feisen6era (1901 - 1976) at Ih e forefrollt. q'(allck... stUdied vfack... 60dy radialioll ill 1897 alld 
disclYveretf Ihat at very snarl waveu!1Iatns il auf 1101 ovey Ine IiJllYW11 fa·ws al I(,at tillle III IryU!a 
to wlderstaud lfiis, PWllCft rarl iI/to all "u flraviofet 
catastrophe" )I vfacft 60dy ·wouGf a;ve off all "'.fi"ite 
amount of,"eraY at tne uftraviofet elUf of tf" spectruliL 
'lfwl was Impossi6k! III wnat ne ca{fed '~II act of 
desperatlOlI': rpfallck...proposed Ihal , cOlltrary to dassicaf 
'wa~'e lfi eo,], matter emits and a6sorVs radli1ll.o/l ill tilt) 
discrete pacf.!ls or vUlldks ea{[ed "quallta" - not 
COli tU!uouslj, "as shouGf ve In, case". IIIitw[Cy 1'fallc/(. 
was 1101 [olIIfortavk witn this ",pfauatioll alld e;;pectetf 
Ihe idea to 6e alSprlYVfd. Illsted qualltllm th,ory,wnic(, 
aailled !]'(ullcfttne ']f06e{ Q'rize for Physics U! 1918, was 
used 6y )I[{j,rt 'ElIlsleU! 10 "'Pfain (1905) Ine 
photoekctric effect alld fry ']fiLii (]Jonr 1/1 1913 to propos, 
a //Iodd of tne atom witn qualltifi'd dectrollle states. 
Louis de ()Jroaf" proposed ill his doctoraf thesis tnat rIOt 
Olllj are ·waves partICks (B'lJTp(l)1icks are alia ·u;aveJ. 
hf/rIJ/u.!£!!'.tltl/tv-i'ptU1.ll"ntr/6b fadl"tp!lJJrlfr.Jrn 

5Wa{ 1'fall,/(.alld'Eillsteill 

<Bohr pu6fisnetf a nwdef of tne atomIC slruclure ill 1913, 
illlroducing Ine theory tna.1 ekelrOlIS travef ill or6its aroUlld tn, 
atom's tlUlfeus, 'wllfi the oUler or6its containing more dectrOfLS 
tnan lfie ililler Olles. JI" ereClfO" can afso drop from all outer 
or6it to all il/ller Olle, emitting a durrele amount of euergy, 
ca{fetf<l pnoto,,_ Jf. received tne ']f06ef Prize for Physics II' 1922 

for devefopi"g Ine Cope"nage" illterpalalio" of quantum 
rnecnaJlics. !JlJp:j/u·u'U·. IIIJmUi rrj!)\I"l'cdl.lJ :.or~/~U~rJ{huJtl 

'Nie[,Ci)onr 
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Om! oj(}Jofirls most famous stuaellts 'was 'fAIemer1{eise,,5erg, 
Jfu ullcertaillty pri.,,'pfe of 1927 states that the 
aetermillatio" oj 601ft the posllioll ana ",omet/tum oj a 
part l£fe co"taills errors} the proauct of these 6e111g 'lOt (ess 
thall a 0"""U COllstallt. Jfe receivea the '}I06ef q'rize for 
pfryStcs U/ 1932. '}Iucfear JuSt·on was auwverea ill (jennauy 
iu 1938. JfelSlm6erg "mailld iu genna.ry allriug 'Worfa'War 
II) 'worf(j"8 wlaer the 'Nazi regime,where lie 'was i".vofiJea i" 
qenna'ryJ 71l1cfear 'weapo" program} the e:{fmt of'w{,i£u was 
a su6jer{ ojco"trfYVersy ilt tlie sciellce commlmily, 

SChematlfaffy the aevef<'pm",ls Ihus far can 6e summarizelfas ... Ihe joffou""g)'{jllre: 

.. 
t' o 

-400B. c. 1830 1906 1913 1924 

J',(6ert 'Einstein (1879 - 1955) a pfrySlcist alia 
matnemLJtirian "wae major coutn'6utiolls to the 
ae-vefopment of quantum mecha"ir:s, statislica( 
",echauusanacosmofogy, ana is "garaeaas Ir.e 
most importaut pfrysil:ist of th e 2(1' cellt Ury. Iu 
1921 he rawea the '}I06ef 'Prizefur CPfrysU:s. J', 
ullit lIsea 11I pliotoc/iemist.ry was "amea after 
(l1'm,)111 i! ;llstelll is equal to ~'v08aaro 's I,um6er 
li.mes {li e ettergy of oue pfiotoll of fight. (The 
chemica( e(eme1ll f£i"stei"ium is a(so named ill 
fris memory. 

J', fliert 'Einstein 
IJlm://u'I'j~ mttnr,t-c"!Jrldptdaa.,Jt/J1 
IlIdtI pItJ"A/~n l.l;.ulHrltl 
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'To U/u[erslaut[some oj the research thaL we are ilfllo{vea iu, 'We "eeato cOlisuiu the dtscnptwu of 
cUI aLom irt rlwre aetail 

III the nudeus are protons alia l1eutfOtlS, aua e(eclro,u 
mave arouua it ill specifLC areas 'We call or6iLau. 
'){O'W£ll£r, as 'Was iU(lLCaled, these Norfnlalf" are ,wl af[ 
splieril:af, 6uI have differ",t Jr.apes ill tr.e tr.ree 
iimeusiolla{ spdCe, Some of these or6tta& for a car601i 
atom are SfiaWJl ill the Fle;tJ J'{)ure. 

)1 8mi" ofsaua LS a Zhi"O, 6Ul a" atom ca"t/ot he 
pii:lured as a tr.illO. 1-Ve ""'[ to view Ju6"lomlC 
partii:{es as te",[ellcies or pr06a6ifitieJ to 6e ill a 
cutaw area ofspace. 0" the su6atomlll£ve{ mass 
twa enerBY call1tot 6e separated; tlie Ollt 6ecomes 
tr.e otr." COIIsuIer tr.e p-0r6ita& of a car6011 
atom, %e eCectro" dowls or efectron aellsities are 
aelermmea tIS stauaulB 'waves alta presetlt the 
potelltia{ or pr06a6i{ity oj jilllfjllO an efectroll 
(elleroy) ill a specifIC JPace araulld 1(,. 'lUdeUS. 
'Efectroll dorufs are nrathernalii:a{ collcepLJ Ollry­
it calmot as sLUfi 6e measurea- hut give US tfie means 

'Ilie Vlleertatllly pn·llcip{e oj J{eiJell6ero 
states Ir.at we WIIIIOt IiJrow 60th Ihe 
pos,ti.o" alia momtlltum oja particle 'with 
afiso{ute precrsioll , tne prese"tatio" of the 
chemica( drenafill intfu:ates haw 'we -view 
the three aimensional space occupatioll of 
a mof'ecufe, fIe, Ulaicate the aifjufllt atoms 
alld 60,ilfs ill nrofecufeJ we usua{(y use lr.e 
6a{{-a'"[·Jlii:k. method as jor fq-eso{ "' the 
II<><J/,{}ure. 

)ldrellaall 

'l(j-uo{ 
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• • 

Cfiemicaf react wlI.s occur'wfien 6o,u{s 6rea/l.am! fomr. COl/sufer Che reactwn; 
'.N,O, (0) ~ 2 '.NO (0) 

r"\ 
f;..J 

!£.sSetlli.affy, a ch.emist's lcrys are tnese morecufes. (~/e study fiaw, -wliel/ , under "What cOlllfilicJtls, 
wfiidi, fiaw fast or sfaw, 'waft "What imp(u:atiol/s, etc. tftese reactW1fS oratr. We afso lise a« fUlU!s 
of loofs, ilutmmel1ts, apparatus am! fa6oratorre5.. 

2. Size ofcnemists' pwyrotYmS 

rrO g,:,)e au ilfca of tfie Ilicreai6{e sma« partic{es that are lfie essellce ofa cuemist's 'wort we call 
start out gmng the opposite lirection 6y collsUferillg a {eaf aua i"creasing our aistallce from it HI 

anfers of 10. )It a alStanc< of 1 (111') meta from tfte reaf 'we "lVuf see a 61111C(, of (eaI'es, at a. 
cJrstatlce of 10 meier 'we 'w,{f see tfie forrage, at a 100 meta alStat1ct a 6USh aud sllrrol/w{i"gs. 
InereasinB tfte arder to J, tftat is llY or 1 ­
fjfameter"IVe ca" jump witft a parachute 
to the feaj. at llY m or 10 IiJn farBe 
aircraft carriers tra'wr ana cilies are 
-visi6[e. 'From 10; m (100 fjn) farBe areilJ 
or sma« cou"t ries are 'visi6fe a"a at 1000 
/i..m tfte Iypicaf pUlI/re 'iJXJuUf 6e t(,at 
from a sate{[jte. )lt llY //I or 10 000 li.!n, 
/II ost of tfte eanh mIT 6e 'visi6fe and al a 
100 000 /tm Ihe 'Wftore eanh as a Gaff 

)II 1 m,(flDn 071 from I(,e feaj. th e earth 
as a sma« 6arr 'WlIIi the m.oon movi"g 
arou"a it calf 6e percel"vea aua at 101t m 
(J 000 lIli(flDlI Fztll) the ar6its of 'Mercury, 
VellUS, )\.-fars alia Jupiter carl auo 6e 
f0!Tuwed: )I t a autallce of 10" 11/ from 
tfte reaf Ollr sorar system fits i"to our ·view . .fl aista"a of 1(Jl6 m a6m1e tue reaf refales to 
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apprO)Jlnalefy aile {'!J r.1 year, Ir. u.s Ir.e dislallce {'!Jr.1 wouYtraodat its speed ojJ -t 10' ml s ill aile 
year')lt tr.is dlSlallce Ir.e SUII WallY foofJiIi! a duta,lt f'or.tGuf6 , 

'from 10" m {lOOO 
('!Jhl years) llie mifk:J'MUft;y 'way alldotr.ergafu-ti£.s 'with 
'way.fUll our view and illdicaled 10" meter, 'lotar view is 
at lCP2 nl or a mi[(wtl

1 n,,[[ioll {'!Jht years 'wicfe! 
{'!Jhl years, gaCtvcies 
appea r in our view 10 
m,[{wII {I{]hl years from 
our j,,[tid{ percei(!el 
leaf, Ihe gafu-t..s 
appear as sma[[ spols ill 
our view alll! largt 
-emplyn .spaces meel 
our eye, }l IId sll[[ we 
call go furtfier, 
reoea{illg Ihe ill eredi6fe 
immellsity of tfie 
ullfl1erse. 

'Ritunll'lIg 10 our feaf 
ret's .s t.art 11l tfie same 
way 10 traver illlo Ihe 
J1llJJffer duta",! 
aomalll. Cotlsitfer 0nai" 

the 6,,"efl oj fea",s al 1(1' m. /flat is 1 meter. )l1 a dlSlance oj UJl m or 100 em, Ifle deta,r all Ifle 
{ea! 6ecomes vis i6{e, al 10-2 m or 10 em, ,Structures are eve" cfearer or,,! at 103 m or 1 em, ce[[uw , 
structures jiff our VU"W. )It 10-1 "' ili.e cef£U{"" Jim-elures cau 6e aifjereutiatea fro m o"e Quotfier, 
~,,'t" more so at 10; m tJ/uf 10 6 m or 1 nHCOtneter, 'w(,ere the mule us i"sUfe tfie ceffs may 6e 
perce/'wtf. 

COromosorrres 6ecorrre 'w,Gte al HF m. ([yJ(}I at lOS III and al 10 ' m or 10 }lIIgstrom farge GfaekJ 
ofmo(uu/£s lIfe seell. r'fillafIy 'We (,ave reacftea llie rearm ojcfi.emistryl Simifar to our VIEW at lei '" 
a601le tfle r.af, 'wilfli" a dlSta"ce of1;f (J(}'" ,,~a rr 
,Hom sucfi as car601l is perceivea willi tfie euclrou.s 
as a 'cfoud" aroulld lfie s[JI irrvis,6fe rrllcfe"s. 
Car60tl atoms Jonn the 6asis ofour fivi"8 "WorfJ 

qfte resem6£auce 6etwe:en t!i.e micro- alia micro 
cosmos is amazirrg' )I I 10·/2 rr; 'we fla", lravefkd 
imide llie ell Onnou.s spue 6et·ween tli.e euctrons alia 
lfie Im cuus ana tfie lIuclLus is perceivea as a 51/141([ 

GaIT in tfl. micfd/'e, rewa{irrg more detau al JIi" nL 

}It 1 jemtoll/eler (HI" III) 'We flave traveffed irrto 
jleU! of scie"tylC Wl/lBmalioll as we 5(,ouft{ oh5ertJe 
protons. 
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3. Wy efiemiea (plilyroqms 

Chemirtry ir all qtremdy arvuse jidaillC(utfillg huge illalLstno( set-lips, SlIch as S)fSOL 's wa(-to­
fud prants, alia smarr u(lra-deall (aserchemirtry rooms. It oives me p(easure to shortfy aescri6e 
hqw J entmalll myself III these two chemica(pfjryrooms. 

Coa(gasifoetiDn 

Coa( ir a compact Mack. or aark. 6rqwn eamonaceous rock. COllsUCIIIO of [ayers of partia[fy 
aecomposroplilnt ollawoela6(e mailer. 

PERIOD IC TABLE OF THE NATURAlLY DCCURii lNG HE MENTS -,----­
HeI'H -

l 10 
II •Be f1B I C N 0 F Ne 

1.- .... - ... fl•• ... , , 
Na Mg AI 51 P S CI Ar 

.~....~.~ .- - ­-il K WCe Sc TI V I'Cr ~n 'Fe Co '''NI Cu · Zn I Ga "Go llAs "Se " Br " Kr . - 0 I • , . ­
I) !oJ ~ Z, Au ~Pd Sil , , 

Rb- .SI I·y 
-

. 
~ 

Nb '~O Te . , -. "All Ag 1._. Cd 111 So " . , " Te .. Xc- n .. M .. ~ '"Cs "Ba "La "HI Ta "w ~Ro " Os " Ir " Pt Au Hq "TI " Ph " BI Po " Al "nn 
~. . .... - . . "-. -. ~ ...... .llTh 

­
" Fr Aa ..Ac "Pa ~ U 

RARHARTH Jc t~r~. Nd j J'I j~~", Eu. Gd _ Tb. DV> .f!? • • :~ , b~ ", ~~JELEMENTS CB. Pr ~~ '" ~r . _ 

'!~ b f!Ubj IJ.ItI..! 1I.,'l l ,_I,.. 6 J I~ VJ.I ' ''''t.bJll~ I 

'11ie 76 efemelllSfoulla ill [oar are hi(jhfiOhtea 6y co(ours 'Wllh reoara 10 C{,eir Ol!llera(a6ullaallce III 

coat 6(ue, major efeml!1llS (genera(fy more tuall 1.0. pucelll presenl); rea, minor demellis (oelleraffy 
greater thall or equa( to 0.0.1 permit)' alia ye([qw, trace demellts (gellera«y (es5 thall 0..0.0.1 
percent) Cuarry it ir a wry comp(e;Clllaterin[ 
t[)uri"9 6umi"B or comfju..sliou of war, /?lIergy is ref eased 6y 1ft!! reacttoll 6et'ween car6011 HI coaf 
aUd O:()Otll , 'Tliu forms the 6asis of the ~"eroy prOduct IOtl processes, 

Sl~ ..m 
~1'Id (OJ'Eneryfarm 

wa( 

Elocului 
po.« 
........­

~ft(h.ln9f' -51-..m , o~ .."Ilr,,'~d 
k(~trl( djoYl'''''' ..." ,,"ool .. /r 

htmU cc,, "jj I IlIUU uo(wml f/r / JI1l lti 1" t.6u~Jrn hI. 
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)lfthouBh e:{fremefy 
impartallt to 
sustam the worlas 
eco1lorrry with 
fllergy, it is a 
process auriliB 
which t llOnnous 
amouuls of "6fack. 

B°ft{" are 6umt 
a·way. Preaictwlls 
afe tfial llie use of 
coafas enerBy. sOllrce 
wi[{ WCT'ease III tfie 

fllture. 
l!:.!_'·11 ''''ntJl~l1E!!! 
~h~~rJ 

S)lSOL is the worfas kaaer ill 6,"ejictUltio" of coaf to proallU variol/s lIeeaea (hemuof 
.<II6stal/[es. 'They. proal/ce petror, alesd alia other ,hemicafs profita6fy from coaf alia lIatl/rafBas 
lIsillB 'Fi.,cher-Tropsch SJ" thesis. 

Our illterest IS speciflCaffy. 
GJoIM;c..nOH-a.uaO SUlUoIi COHCIId

ill what 6appem aunuB 
the ga.njicatioll process of 
coal fFor irlSlallCf, flow 
aD,," sifua, whuh tS a 
sofu[ at aff the operalillB 
temperatures, happens to 
snow up ,'" fumes tual 
eve"tua[{y accumufate 
outsiae tlie reactor? 

~illrJiJ..!::~!!!J!m!E.!1!IC~ ' {Im ll. 
6.nt.J btnfiJwll'tZUf.J7 tH -lU 

l~ r~/UIISl"" bIHJiI(ilJJt"" . 
/fdlulNlftJ 'UtWlul ...r,~ 

!iJm{~§, ('!·J/lJlmJ .Jlthnl 

Our aim is 10 allswer qilestiolls sllch as the foffo",iIl8: Call it 6e tHat Silica (S i01 ) is reaucea to 
SiD, then o{.iOlZea 6ack. to Si01 '" the Bas phase, 'U'HICH conaenses as SOOli as ,t forms? SiD is 
fulOI.VT/ to 6e vo{atire at tfie operalmg temperatures. "1Dtnt t':'l't,. J u"i'/-'iJ(,jqrHut'J{ (2ou':!) 'I ud .fl. UfJ 

I.!i.'f ([)o lfie [on{fitiOlIS msUfe tne system an:,'e tfiese reactiolls or are lfiere otfier specus illvof"ea? 
J{ow catl '(Ill contro{ or reallce tfie process? '11iese morecu[es beha1'e as fiunums - some IJr~St eacli 
atfi er aria some fl ot, aria sometime.r tftey dim/Be tfieir "minas" - especiaffy if the NJvirollme"t gels 
cora or hoI ! Our 'very slIIaff pfaymates cenar-rtfy ca" at times etltertain us irz ur/pretfLCta6fe 

6eH"""'ur. 

ifemtocliemistry 

ifemlochemistry is in esse lice a 6rallCH ofphotocHemistry, -where phololls or 6eams of fieht are usea 
to Lii'veslieate or il/auce readiOiIS. In comparison to aC/I'vatio" 6y. mealiS ofheal, tHe fact tHaI fieHt 
is 6ei"B a"sortiea in oraer to act,'"ale a mof,cufe, affuws for Ihe sded ,vity of act ,,,aI ion alia a!:so 
tlie afnlity to imliate reactions i:1'etJ at {ClUJ temperatures ana", affpfiases. 
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'10 gel rJ" wea of the size of thLS chemlca{ pGJyrooru, "We consider the size oj smarr mo{ecuus am{ 
compdre tr.at to tr.e "size" ofpr.OtOl" or f1<1cksts of f'{jr.t . SIIW(( mofeeu(es or tue pam ojmofecufes 
tr.dt we lVIJu(J fJ:s to use are dpproJ(jmate(y 2 to fo;t ill awmeter.)l PUOIOIl of {'{jr.t tra'vefr at tr.e 
Speel{ oj ('{jUt, J ;(10' ml s or J -t fO";ljs. )lssocidtillg the 'wavefellgtu of {'ar.t witr. t{,e "sIZe" ofa 
phOtOIl, the 6{ue f'fJr.t photoll (Ul.S a aidmetff of approJ(jnwte{y 4000;t. the time it takss d 6(11' 

f'{jht photoll to pilsS a poillt UI 'Pace':' thus rougMy: 

t =~ = 4000 =10-15 S 

V 3xlO lK 

)Ill erectroll moves WIth a speea ofapproJ(jnwte{y f()l' ;tIs, tr.us approJ(jmdle(y 1OJ{ ill fa Il s. 'I"':' 
gi-()eJ Lfle rrU4..imum interactio" tillle 6etwetn a pfioion auaa 60na i" d mo{ecu fe aJ ill the oraer cif 
fO il s. 'For us to fo([ow alia to COlltro( the processes 'we thus lleea to 6e a6(e to worlt ill th" 
eYJ.remefy smaa £mle domai". 10 16 S is seen as the {ower {Ullit of diemicdI processes. 'hUri}, " 'I 
. ."ldf'rn ~' Ilh:,"fdl"'twrt,-t'f'ffll.l'r:r , / J'lIr rmiJ.\'j l("U '/4lt)I{j. / 1'''/' 1''1 

'Femtosecolla reso{utioll (fOil seCOIld's) .:, the u(timate 1lCr.iev<mellt for stwfyillg tue aYllamics of 
chemica{ 601U[ jomUJtioll aw[ 6reaJ:..age Oil all ato",ic /"eue[ qr;e maC-'eme"t rJluf" thllS dYllamIC 
charllCterutiLr of lIudei call 6e foffuwea. 'l1ie time scafes for er.,mUd{, physica[ alia 6iofogua[ 
challges are summarizea'Vel) 'we{( 6y )lh",ea Zewai (1946 -) wr.o reclev" t{,e 'NoGer <Prize ill 
1999for (,is slU/[ies of the trallsitwlI slates ofchemica{ reactLOIIS usUllJfemtosecoTla spectroscopy. 

Zru'ald, r 'II , 1 11'tty ('b""r l ,{l(N"I~ HlI (lJ), SMlJ {(III4 
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07le cf the rerum,s for Zewaifs achiEvements to use a 
jemlosecom{ faser to study and iwfuce reactiotls, {I£S it, tfie 
illcmfib(e short C,mespalls ChaC his research as«for.)ls described 
earr"r J{eisillberg rec""ved Che W06d prize for uiJ 'wo~reg"rdillg 
the ullcer1airlly Hl Slmu(talleousfy determi"illg the positio" aud 
mOmelltlint of a part ide, sllcli as atl dectron. J(mtm6erg's 
wlcertai"ty pnno"p{e stales that it is 'lot 
possiMe Co e:{actfy f(Jlaw Cue poSTcion alld /yJffi ~ ~ 
enerBY ofall efeccrarl.)ls qp(atrled, cuis IS Cue 2Tr 
reasoll 6ehitld Im"E dec/rorl douds to suaw 
possib(e (proba6fe) POST'CIoIIS of efectratls t-.Et-.I~ ~ 

2Trarounda "udeus. 
flumedJ( Zewaif 
li1l£1i"j)httrrr.::,· .~b(~j.i1!J!.....m r}~ljfftllo/J· j·''!1 

)Is "We ·wou(d fi~ to mea.fure aud mjTue1lce reactiolls 
-wllftiu jemtosecol1ds, (fte ullcertainty ill time 
mea.fllremeltl i.... needed to 6e less that' say a e-·,--e 

jemtosp.co1ltf; tflus!J.t '"Z}()1 5S. 71ie atoms atfd60fl{{.r (Db 
ill 1II0(eCllfeJ vibraCe fif<! baffs cOIIlleaed'MCu spnllgs 
at/d our aim is to aanlate o"e oj tfiese 60wis e~----e 
(spn'lIgs) )I b01ld absorbs '''''BY by ca(,jllg up a 
specific phocoll of finu! alldsCarts Co strec cf. furtuer, 
'Wnun may f,ad to breafullg of Cn, bOlld e···e 
llli£Jjw1l'u .djrtlltiuuft.I~11I1"'.,u./'f~iJII"d "trill 

Tfte enerBY ofa typ,cof vibraClolla( e:(ciCaClon of a slIIg(e mofecufe IS appro:{lmacefy 10'zo_ 10''' J, 
'We 'Wou(Lf (if<! Co be aMe Co difjererlClIJce beCweerl e:(ciCaClolls with ill chis ell"BY scafe, cnus tne 
lI"ded ullcertaillcy ill er,ergy IS appro;Qmacefy 10'201. C;oillg bad( Co Jler.serlberg's wlcertainCy 
pn'ncipfe, we ca[Cl/(OCe Cne fasc port of cheequaClo1I Co be 1.0545 :(lO'J'J s, !!,'Ef',l is 10''' J s, tftus 
too smarr am!·we ·wi([ thus "ot 6e a6fe to maf;s accurate time alld e"eroy measuremmts! Zewatf 
so{vu{ tuis pro6&m 6y 1IItrodl1cing ~cofierent aeti·pallO" ·, _~LU..J'r. ur J Ii).) l llcm , ,!tKIH, 10-1 r241 
ftl t./) ;~'I-I 

Cohererlce is gerl"a([y prOVIded by (a) cne 'We«-defined 
iuitiar. eqwGfin·um cOIrjigll.ralwn of tfte mofecllf£s 6ifore

b~- v:, ita Cloll, (6) Cue ""sCaIlCalleOlIS" f<mcosecolld 
(aunc(.illg alldabsorpcioll ofChe pacf<!C ofellerBY alld (c) 
by cfte cwsefy spaced spread of etlergy ftroels illCo whicf. 
cfte mofecllfes are activaced. Consider Che vibCarlonaf 
ellergy f",ef 0, for wfticft Che eIIerBY IS e:(accfy defilled, 
cuus t.'E ~ 0 Tfte 'lVave f"IlCCIoII (",(r,t)) spreads avert i : ~ J- che arrowed"giall Df space alld ChID Che posiCIoIIS of tne 
'vi6rati"E atoms carmot 6e k.!IOWtl . 71ie posiliDn 

pr06abificy aellsity, !,<p(r, tJ2, is illdepertdellC of cime as~!~ ~! its soflltiou tlO {ouger contaillS the temporal pfiase part. 
TftIlS frDIII J(eiserlb"g's IIlIcertaillcy pn'lIcip(e, cne~ .....,..... . 
or6itafs alld tnu.s sizes of rno(ecu(es i1l tlie vanOUJ--= .... laskj r,. tt IJ /,:J ('6mII 1'l·6rationa( .flates, -wi{( "ot challge -witn lime am{ call 6eI"'" '14. 2(11" (fIJ 717 
ca(cuwwf.

Colleretlf act iva I UJII ojJ} mo(ecu(e 
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qhe 'WaveJUI/clton of t1 sillo(e T.l16ralio"a{ slale lS 

,1,/ 

1/I(r ,l) = VI( r)e • 

!f<ssllftlllg 1/, t(" posillOlI pr06a6,(ity dellslly or or6ita[ to 6, illd'pelldellt oftime: 
1M Il,t 

IVI(r ,I~' = If/( r)e -, If/' (r)e ' = IVI(r)I' 

!J.1l(jell a simpfe aiatomlc mofecufe suer, as h, tfial vi6rules ill a liarmolilc polerttw{ well; LS 

(oflerelltly activated illto a smaf[ spread of ftitJfler ellergy revers (11=16 to 11=20 II! tfle fl()ure), tfte 
wa'lJe!utlclwII ojl{lese com6itled a.clwated slutes of the mofecuus is gwett 6y: 

,};I 

If/(r,l) = LC,If/,(r)e -' 

'Tfte eliergleS of tfte '<'i1rWus live[s are givell 6y the '£ va[ues alld tfle "fat ive dlStri6uticJII 6el-weell 
tfle states 6y Ci, 'lJie positioll pro6a6i{,ty dellstity (Ppd) ill tflis cose is gl'vell 6y: 

VI(r,llIfI'(r,I)= [ .!!:tJ(~CjVII(r)e3] ~ciVI,(r)e ' ' 

in this ctl.Se lhe ppa is 110 £Oliger lime ;r!({epellaellt aridau oscrUatwII 6elween t[u 601Uldunes of Llie 
polellllJJ[ we{[, lhllS a'lJerllfje dislaflces oj the separaLioli of Lf~ atoms IJI lne moucuus} cart 6e 
fo&wed OS a "wow pacf<!l" oTeliergy pacf<!t, 'To get aroulld 'Jfe isl!1!6erg's Ulreertaillty pnncipfe, 
tfte illtroductloll of a" smaff spread II! ,"erBY 'va[ues ofthe -vi6rat"'g nlOf£cufes a&ws lIS to fo&w 
tfie a-lJert1fje cnauge til 60lld distance as tue IIwUcu{es v i6rate coherently, 
'HdJ:~ 'I' J~' lind .:clllll'~ .. '11 J (1"'/0 ;l.d, (,JIHIf} -;,t ,tiJ il/ - 751 

'To e:{p(a", how tfle rfyllamlCs ofa reactloll may 6e fo&wed-we go all 10 collSufer the 6reaf{jllg-up 
........- •••r---'I of Ihe h ",ofecufe. 'ITte process is fO[«(Jwed usillg a 

"pump" fenao secolld puCse 10 get the mofecufes 
coliere1ltfy i"to tne c1cll:lJIlLed stale, the acLrvateaI Probe state IS further acir'lJated 6y a "pr06e" puCse afier 

Pump A 
o 

10 -I
aiffereul Jemto seconatime dewy perwtfs to 
06taill lue rlum6er oj lne mofecu[es ill tfu T\I'Ilf'~ 

first actrlJated slate, 

S[,ort pUlIIp pUCse!H'" 10fs at 61011111 eJ;:ciles the I, 1II0fecufes sillluftalleousEy alidwherelltlyfrom 
the -vi6ratiolla( groulld slale illto s"vera( c[oseEy 'paced 'vi6rat io lla[ [,veCs ill Orr actiwted state,)I 
pr06e pulse promotes tlie moucut£.s IIIto a nigher tlJrl-pair state. fluorescetlceJrom tnlS uigner slaLe 

is mOllitoredas a !uuctiorr oftfefay time t1 t 6eLwee1l pump utld pr06e purses, 
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'Un'IIB femloc(,elllulry as aloof 10 

'Measun'''B Ihe SYlltfiesize compowu{s is marry a 

acli'vatea slate r:I V cliemist/ dream. rrTie mealls to 
2 L1F

I V I 	 Jefeclivefy 6reali., alia activale 6,,"as T"h,,,= GJof!] 
U lfie 6ans ~f t(,i.r effort 'We 
coI,sitfer as all e:(amp{e the 6realij"B

h YJ:t... 

of lfie J{Q-<[) 60l"{ ill a water 
[ mofecufe where Olle of Ihe hyarOfJ'" 

atoms i.r repfaced fry a aeutm'IIm

H ~ 	 atom. 

~~ 	 5J 
G, 

n.V ""!lIP H 
iliff IIUll il 'lI(j,IJ.Jt 'll1",W,WJf1 ,1 "~rA..-rt"l 
lII~d~~I .rnJlIl!LJ!!M 

)l jem/ostcom! -infra rea purse is

5J 	 uJea to acliTlDte Ollry the 'J{Q-<[) 

60"a of the aeuteralei{ water 
mofecufe illto (,igher '"i6ratioilOf 
stateJ, '71ie actrvatetf60lla i.r 6ro~" 
6ya VV purse that i.r aimed at t{,e 

mo(ecu {es "witfiirl a few jemtoslcorfas time aeroy afttr tlie first purse to Q1loilf i"tramofecllw, 
refa;catio" (f'll1) 'DurinB f'VT; the ",erg) of the acti,'ated 601,a i.r au,ripated tfrrouB{, the o/{,er 

II 
60llas in the mofecufe, reJufti"B in t{,e wfwfe mofecufe 10 6ecome a" activatea species, fWoccurs 

6etwe,," few ana 
thollsanas of fem/o­
seconds after act wat io", 
aeperrtfillB Oil the Imeroe/ic 
stnlclure of tfie mo(eClde. 

I '71ie a6ifity to O'V01a fW i.r 
aile of the major 
attractions to use Jtntto 
secolla errerBY purseJ as 0 

synt{,esis loo[ 
I"t'm'<l~", N'l- ('f'"" .\ ill. 


(~I'"I ','J)()f WIHI$I'/tIWIII11! 


) lJ 21tr [t"tury efeclro,lics 
is r,ol a6fe to measure 
'ulit(,in JemlO seCQrUll, 
'va rintions ill (lie opticaf...... 	 ....... pal{, fe-nBth of the rasa
'I 

I 
6eams are used to o6laiu 
lIme re.sofulwJ1. 
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'Timillg is accompfisfu!l{ 6y gelleratmg 
the pump am{ pr06e pulSes from a ife<f 

icommON source awi SfllEuiB ell/ief 

the pump or pr06e pulSe afellg a/l 
aajlJstea optlcaf path. 'Jue palh 
{etlofil tfifferetu:e refilles to tfle time 
lifferellce as botr, pulses mafJf dl the 
collsta/lt speea of{,Oht: 

Z.999792 .(10' m/s. 
H.Jj~'., ].~ d'flf UU'WIlf, 'f '1f. . :J. ('I" ", 'Ell , 

11IHII ,lHIMiJ7-7t l 

'1r.is pwyrOO Il/ of chenuslry IS stiff ill 
II.! 6a6y shoes, 6ut the Jr,ture of 

r......r;;-' ~ 
~~ 

I 

, I Fs 1'1000 

'-- F'",I~ 
Fs pump Losers 

cnemistry alia rewtea jieftfs such as pha""il£ow[jJ w,{{ surery 6e lIif[uet/cea greatfy 6y furth er 
devewpme"Ls alUi researcfL. 

4. Cfesi"fl ~rTtIl~ 


CfwosillO to 6nefly tfescri6e two pwyrooms as Ji·verse as coaf chemlSlry a/la femtochemistry m'{]ht 

seem to 6e SUdl/oe, but I {wve a speClju: aim Ul 

{aroefy aqxmu 0/1 coar as a source of e/l"Oy. 

Chim. 
• 	 Uniu~d Stat@:Ii 

O the r deve'oping countrj"s 
Oth~r dc\'ulopt!'d coun t. ill, 

• OilliDm of tons of COl emrtted 
OVCI pI~nlf. · opo,.~,jng 'iyes 

700 ' 

~ 
!l 6001­Il. 

t 	 , 'B8­
8. 500 

"-..I' 
TOIIII1-. 

~ ~ 400 " • • CA6 
8 ; 

100'_It To\. :1 
200 

Q 

f 

3QU 

, t 238 138 

100 t' ::-1~ S9 
0 - "111 

2003 20'0 ~1 1 -lO20 

miru[ jfs o;pwilled 6efore, lue -war£{ ecoll omy 
'71" eller[jJ proauci/lO processes proauce [aroe 

~1 

"4 


2021 -203D 


~.II u·. N"h",JXnv~~.... Co..tK""' IUK"I t"'o.."U!oh lor Ilw u.s. ErK·-!lj 
1rfi_l iioIthJ .....4f1.w. M"lI I,.., frlll. f... I ·~tr.r9Y~ 

amoulils of carho" 
aw:Qde, CO,. )Iff Ihe 

·worlfs uses of coar 
aecowlt Jor 
appro:{jmalefy 40% 
of the CO, emittea 
itllo t(te atmosp{,ere. 
'1r.e tndutfea .f'{]lJre 
shaws tn, projectea 
flew coaf-Jtretf 

ae/lerati/lO capanty 
up 10 ZOJO. Cr,any 
HO decrease ill 
em i/.lea CO, is 
t ll"viswlled! Combine 
this with tne 
tlsto llisfii"O!act tfiat 
up La 34% of lfie 
carGo" illilw./Iy ill 
coaf is fest as CO, I 
'My proposaf u that 
UJe chemOe our 
quesliotl from firrw 
·we ca/l get ruf of the 
CO, to na"W "We ca/l 
fiar[Jfsl tnt ctlr60ll 

Jrom it. ~Wilfi ,,~wfy 
tft()efopet{ saellliju lechtlofoel£S sueli asjemloefi.emislry we might 6e a6f£ to cOllln·6ule ", 6rea(j"B 
the 60llas alia tn", capture tne car6ol1 ill olher h,"e.Ju:id colI/paullas. 
l.!.!J.C..llrQL"U "dlrmllhIJ1IJry1'l'~)f.i~IUI [rlJIUlt.Jt'mt 
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1)ery rarefy in sCieuce do "we just stllm6fe UpOri sofutwlls to 
pro6(ems, we ""t! 10 asl(. Ir.e ql/esllO"s firsl . i))o"'g some faleraf 
Ir.i,dd"o, especiaffy Irr Ir.e case of Ir. e pro6(er" of gfo6af -wam,lrrg, 
may {eat! 10 suprisirrg t!ewfopmer,ls, s1Irft as Ir.at we may slarl 10 

COT/surer the oreet/house gases as 'vafua6fe resources! 
CO, mofecufe 

'To rorrcrrrt!e, rr.emisls' pfayrooms are 601ft inrmelFJefy smarr, 61/t wllftirr Ir.al space irrcretfi6fy 6'o.)f 
port of Ir.e w<([.0,uwn poem by 'WilfUlm (jju,fit Irr r.is )fugl/fies of ]rrrrocwce (1780) t!esC16es It 
6eaulifF/lfy: 

"'To see a Wo,{n ill a qrai" ofSafln 
)frrt!a Jreaw n '" a 'Wilt!rrfu",,,, 

1{oft!wfirrity irr tfte pofm ofyour r.arrt! 
;1'lnf£temlfy itt an nour." 

IlrjUn ,I'tltt "IUt:t'tfficlll \ 'I-Wlry f).j/fiJm HtLl~( ' JJ, /lori , ,.,.", 

J {jope .f fiave mane you a"ware of the amazi"8 soence thai "we are iFlvo('Jfn HI alln tfiat i" nry 
felfuw ,r.emisls' I r.ave toucftet! Ir.e r.earts of reaf scr.ofars, who are a{ways "'1"BUed 6y 
UI,t!"slarrtfing our reafily. It is a pnvifege 10 spent!my t!ays -wilr. my cr.emicafpfaymales' 
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