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Chapter I

Summary

Rcla t iv i t v  has  a  s ign i l ' i cun t  i l l l ' l ucncc  in  chcrn is t ry . ' l ' h is  i s  no t  on ly  t l . rc  cnsc  l i r l  chemicu l

systcrns rvith clcrncnts in thc lowe r reqions of thc pcriodic systcur but also l i rr  rntr lcculcs rvit l r

only clcrnents fronr thc upper rcuions of the periodic svstcnr, as wil l  hc shou,n in this thesis.

In chaptcr i  wc int loducccl thc lcadcr to thc rcl l t iv ist ic cf lects irncl thci l  inl ' lucncc in chcmistLl, .

The rn l in  goa l  o l ' th i -s  thcs is  rcseu lch  s 'as  to  ca lcu l l te  p roper t i cs  o l ' chemica l  sys tc lns  inc lu i l rng

|clat iVity i ln( l  t()  intcr lr fct cxpcrintcrrtul cl i l tu. Wc lr irvc choscn to study t lrcsc chcnricir l  systcri ls

w i th in  a r t  r t l t  i r t i t i o  le  la t i v is t i c  ( 'nuncrvork  rv i th  {hc  D i lac  H lnr i l t t r r r i iu r  i rs  u  s lu l t ing  y ro in l .  I r r

c l l l f t c r  2  t l rc  n rany-c lcc t fo r \  gcnor i r l i zu t i r . ln  o l  thc  D i r i rc  I l i rn i l ton ian  is  i r r t lo t luccd  l rnd .  b1 ,

graduully al lorvirtg Inot 'c rrncl I trorc rvcl l  r lcl i r tcd sturtduld ( lulr)tunr cl icurist ly a;rproxirnatiorrs.

rvc  rv i l l  : r l l i vc  a t  t l r c  rc l i r t i v i s t i c  r lu i ln tu l r )  chonr is t l y  n roc lc l  thu t  was  i rnp lcnrcn tcd  i r )  thc

N4OLFDIR l)rogfi l l )r  1-lrcklgc. This coi lc was t irer) lppl icd to iL varicty ol nrolccuics.

ln  c l i i i p te r  S  rvc  sLud i t :c l  thc  l c ia t i v is t i c  c l ' l cc ls  on  thc  so-ca l l cd  ion izcc l  und ncut lu l  cxc i tcd

stutcs ol t l rc co1-rpcr hal idc scl ics CluX (with X = Cl, Br, I) .  Thc ionizcd cxr: i tcr- l  statcs. tvhich

rurc  c lcscr ibcr l  by  s l i r t cs  a r is i r tg  ln rn ' r  i1  f ln+1 l i i9 . |5 ) )  X- (ns lnp0)  cor r l igu l r r t ion ,  u rc  l i runc l  to  bc

s t lo r rg ly  l l ' l cc tcd  by  rn ix ing  o l ' thc  s l -u tcs  duc  to  sp in -o lb i l  in tcn lc t io r ) .  ' l ' l r csc  
sp in -orb i1  c l ' l cc ts

ar isc  i t .0nr  thc  coppcr  i r lon t  an t l  u rc  s in r i la [  th roLrg l [ ru t  thc  rvho lc  coppcr  h i t l i c l c  sc I i cs .  Or r  thc

o the l  hand,  thc  sp in -orb i t  e f l cc ts  in  thc  ncu t f i l l  cxc i l cc l  s t i r t cs ,  i l l i s ing  I lo r r r  thc  ( iu (3 t l  l i )4 r t .1

X(ns lnp5)  conf igu t r t ion ,  a rc  cuuscd by  thc  sp in -orb i t  sp l i t t ing  on  thc  ha l idcs  lnc l  bcc :onrc  nur rc

in)poftant whcn goiug tct thc hcavier hal icles.

MOLFDIR is  ln  idca l  too l  lo f  l c la t i v is t i c  hcnchrn i r rk  ca lcu la t ions  i luc  t< . r  thc  v l l iuus

colrclut ion mcthods, avai l lble in thc prograrn package, and i ts l-ul ly rclat ivist ic l l 'arrcwork- In

chapter 4 wc perlbrrncd benchrnark calculat ions on thc sl lcctroscopic propcrt ics bond lcngth,

harrnonic l icclucncy ancl dissoci l t ion encrgy of thc intcrl ' ralogen scrics ClF, BrF. Br( l l ,  IF. ICI

lnd lBr' .  For al l  nrolcculcs sl.ucl iccl in this chaptcr a wcakcning ol ' thc boncl rvas l i rr .rncl which

wi rs  r t t l i bu ted  to  sp in -orh i t  in tc rac t ion .  Wc l i runc l  lha t  lb r  thcse  l ' l i l l y  l i r r l r t  svs lc rns  thc
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relat ivist ic and corrclat ion el ' t-ects arc largcly addit ivc. A hugc amount of thcorct ical rvork has

bcen done on thc calcul ir t ion of the elcctr ic dipolc rnonrer)t of the intclhalogens but al l  with

approximate rcl i l t iv ist ic approachcs. Wc calculatcd thc electr ic cl ipolc nornent. und clcclr ic

cluadrupole moment as expectat ion values. Thc electr ic dipole polarizabi l i ty rvas stucl icd rvithin

the random phasc approximational. The relat ivist ic eftbcts werc lbuncl to hlvc a sicnif icant

eflcct on thesc propcrties.

The ground. cxcitcd and ionizcd statcs of the iodinc rnolccule havc bcen studicd i tr  cl-rupter '5.

Our calculatcd rcsults fbr thc ground state were lbund to be in closc agrcernent with

experimcntal data. Corc-vl lencc corrcjat ion and hasis functions with highcf lLngular mollcnla

wcre l i rund t<t be irnportunt lo obtai l l  results in irgrccmL'l l t  with cxpcrimcnt. Tlrt-  potenti i r l

c r le rgy  curvcs  o f  the  cxc i ted  and low- ly ing  ion izcd  s ta tcs  h i l vc  bccn ca lcu lu ted  anc l  thc i r

rcspec t ive  spcc t roscop ic  I ropcr t ie  s  wcre  c lc te rmined.  Re la t i v is t i c  c l t cc ts .  und in  Par t i cu l l r

spin-orbit  coupling betwccn statcs. wcre lbuncl to be cxt|enrcly irnportant. Our rcsults lbr thc

excited states are in close agreenrcnt with experinrcnt lnd with thc rcsults of 
' f i -r iclr tei l  

i tncl

Pel issierls3. Thc spectroscopic propcrt ies ol-thc low-lying ionizcd statcs i l l 'c in closc ugrce rr icnt

with cxperimental data. Wc havc leassignccl ir  rcccntly nrcasurecl ionizcd statc on thc basis of

orlr  calculat ions.

In  chapter  6  we s tud ied  thc  u ran ium hexaf luor idc  (UF6)  rno lccu le .  The unLn iurn  u to rn  i s  rL

heavy clerncnt und hencc requi lcs a lclat ivist ic lnodel in order to undcrstand i ts 1-r 'opcrt ies. We

showed tha t  l c l r t i v i t y  l cordcrs  the  va lencc  sp inors  and changcs  thc  cha lac tc ' r  o l - thc  HOMO

which is now in good l-qrL-crnent with cxpel irnent. ' Ihc photoclcctron spectrunr o1'UF1, could

hc reproclr.rcecl hy our calculat ions. Calculat i turs on thc e xcitcd sl l tcs ()f  thc LIFi,  cr lLt ion autl  thc

clcctron al ' f  ini ty also givc resul l-s thal arc in a-grccrnent with cx;rerirncnl.

Thc  bond ing  proper t i cs  i r l  thc  r r r ' . rn1 ' l  ion  t lUC) . l l+ )  \ \ ' c r ' c  s tu r l ied  rv i th in  l  l i r l l y :c ia t i v is t i c

1r 'urncwork and prcsented in chapter 7. We observcd t l te so-cal lccl U(6p) col 'c-holc" whiclt  has

l  in f luencc  on  thc  bonc l inc  p ropcr t i cs  o f  thc  rno lccu lc .  The orc lc l ing  o l ' thc  va lc r rce  sp inors

di l ' lbrs fronr plcvious thcoreticzrl  predict ions but wc agrcc thtt  thc HOIVIO has 6u churactcr and

has u  la rge  U( -5 f )  con t r ibu t ion . ' lhc  c lec t r i c  l ' i e ld  g rad icn t  (EFC)  ou  thc  u lan iu rn  s i tc  wrLs

cvrr lur(cd nnd rvc showccl thirt  the LI(6p) core-holc unti  rcl i l t iv ist ic cffects havc a l i rrgc

in l ' l uencc  on  thc  s ize  o f  thc  EFC.  Thc  in l - lucnce o f  o thcr  c l ' l cc ts .  in  par t i cu la r  tha t  o l ' thc

cnvironrncnt ol lhc urlnyl cluster was l i runcl t t l  bc signif iclnt.

F l t r r . r . r  r r t r l  fu l l y  l c la t i v is t i c  u l t  i r t i t io  c luant r rn  chern ic l l  ca lcu la t . ions  on  v i t r ious  chcnt ica l

systems we conclude that relat ivi ty oftcn has a signif  icant cf l 'ect on t lrc calculatccl propcrt ies ol '

(he  sys tcn ts  s tud ied .  Fo t ' ( l i c  mo lecu lcs  couta in ing  c le rncr ) ts  l . r 'o rn  thc  up i )c r  rc .g ion  ( ) l -1hc

pcr iod ic  sys te ln  thc  rnos t  i rnpor tan t  re la t i v is t i c  c f lec t  i s  the  sp in -orb i t  in tc t 'ac t ron .  F-or  t l t c

hcuvicr elemcnls als() thc scular rclat ivist ic eff 'ccts hectrntc ir t tnol l l lnl .
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