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N. H. Rm «

mA Ml«ct;lon of tranaltlon petal coaplaxea includinc Ilfanda of tho
typ* *8*n-3* e “ Sn.Pb: n < 0-8) ware prepared and
studied uainc aultlnuelear N.N.R. speotrosoopy. TIm work concentrated
on the algna of apln-apln couplInc conatanta, and the techniques used to
detemlne these ware nultlple resonance experlnanta of the type X-(Y,H)
where X and Y were a wide ranta of nagnetically active nuclei. In
particular cases these experlwents also yielded the Mffnltudes and the
asslgnMnts of couplInc constants. Variants In the tlIBPT pulse sequence
were developed to overcowe problens of Insensitivity, and variable
tewperatura N.N.R. was utilised In the study of fluxlonal woleculoa.

The pattern of reduced cotnUnc instants b~wsen the wafnetlcally

active nuclei. |In particular “ m8n(~*’sn) and was dataralned.
The behaviour of theaa coupllu constants (and their alfna) la sinllar
to that prevloualy noted for In analafous tranaltlon notal-phosiNtine
coaplexes. The feonatrlcal dependence of the slgna of the reduced

coupllInc constants are dlscusaed In terws of the dowlnance of the Perwl-
contact aeehanlsw. These results are tasted acalnat the predictions of
both a) the Janeson and Gutowsky and h) the Pople and Sentry theories of
lone ranee coupllInc Interactions.

The slcns of various couplInc constants were also detemlned for
jlif-phosphlna tIn(1V) totraballde conplexes. ~R(SnP) and *K(PP)
exhibited behaviour Inconsistent with that previously observed In other
tIn-phesphorns and transition netal-phosphlne coaipounds. These
observations are discussed In terns of savaral nolecular bondlInc nodels.
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C«APT« 1
umwpvcTiwt
1.1 Introduction

Nncloar spln-opln eooplinf ooonro nhon two nolghbourlng nnelol,
which poosoos Inhoront ancnlnr noaontun or tpln, Intornct to that
dlffaroat conblnatIMia of allowod apla autoo diffor In total andrgy.

SpIn-apln oooplInc providoa an laportant aouroa of Inforaatlon
ahoot tho natnro of tho bondInc In aoloculoa. Although choalcal ahifta
ahow how naay Inoqulualont ebaalcal attaa thoro aro la a aolacalo: froa
apIn-apln coupling data tha aoquanoo of atoaa can ofton ba dadncad. A
apIn-apln coupling Intoraotloo gonorally ladleataa that tha nudai
Inuolvad ara oonnactod via a nuahor of ehoalcal honda. Baplrical
eorrolatloaa havo boon oatabllahod to ahow that curtain orloatatlona of
boada botwoon two oouplad nudai load to coupling oonatanta of
dlatlnotlvo nagnltndo and alga. Tbo phanoaonon of apla-apla oouplling la
obaarvad la H.N.R. apoctra aa lina apllttlinga. Oapandlag on tho
natural abundanco of tha nuolol Involvod, tho aplltting pattoma duo to
apIn-apln coupling aro aa Indication of tho anabor of nudai which
occupy oMlvalont altea In a aolocule.

A * 1<l providing an Inalght Into aolacular atructura, tbo way In
which apln-apln coupling conatanta and aplltting pattama vary with
teaparatura can bo uaod to atody nolocnlar dynaalca. Alao tha affacta

other ohangaa In tho nolacular anvlronnont o.g. aolvant polarity aro
*=vexp* rofloctad by alllod ohangoa In tba coupling oonatanta and
aplltting pattama.

Finally apla-apla coupling conatanta, aa an Indicator of aloctronlc
dlatribatlon, provide a teat for quantitativa tbaorlaa of ohanlcal

bonding and a baronator for changoa In atonic hybrldliatlon and



«ffacttv* nucUar oharga. It la thla aapact which la tha prlaa eoncarn
of tha praaant thaala.

Tha doalnant aachanlaa la dlpola-dlpola conplInf whara tha nuclaar
aplna Intaract dlractly “through opaca”. In Isotropic fluids howavar.
this Is avoragad to sardo by rapid aolacnlar notion roorlantatlng tho
Intarnuolaar axas. Thara than ranalna a snail Isotropic Interaction
batMoan tha nuclaar spina, which la transnlttad via tha (nalnly valanca)
alactrons of tha nolacula. Tha flrat nuclaus parturba tha alactrons and
thasa In turn affact tba nagnatlo flald at tha second nuclaus. Spin-
spin coupling constants can tharaforo be uaad to study tha behaviour of
bonding alactrona.

Tha energy of tha Interaction Is given by tba aquation.

B =0, s by (L

whara «»AB Is the spin-spin coupling constant botwaen nuclaus A and B, h
Is Planck™s constant and 1 Is tha nuclaar spin angular nonantua. If tha
lowest energy configuration has tha nuclear spins antl-parallal (l.e.
tha scalar product I*. 1™ Is negativo) to give a negative value of B",
aust be positive.
Tba Dirac Vector nodal gives the slnplast reprasantatlon of a spin-
spin coupling Intoractlon. Tba nuclaus-aloctron Interactions In tlie HT

nolacula provide a basic exanple.



In PIO 1.1 one electron It cloee to the proton, It being probable
that the other will be cloae to the triton. The aoat atable
configuration, given the Feral contact Interaction (see later), will be
that In which the hydrogen nucleus and adjacent electron liae anti-
parallel spina. According to the Pauli exclusion principle, the two
electrons In the aolecular orbital will have opposite spins. Due to the
Feral-contact Interaction, the trltlua nucleus and Its associated
electron will also tend to have anti-parallel spins. Therefore the
lowest energy configuration Is where the nuclear spins are anti-
parallel. The Dirac Vector aodel therefore predicts that all one bond
coupling constants for nuclei with positive aagnetogyrlc ratios are
positive. The predictions of this slaple aodel do not hold true for
every case, as one bond coupling constants of negative sign are
known .*e*

A coaplete general theory of coupling Interactions was first given
by Raasey”. The theory shows that Indirect spin-spin coupling, as seen
In the high resolution N.N.R. of Isotropic non-vlscous fluids. Is due to
three types of nucleus-electron Interaction:-

1) An Interaction between the nuclear nagnatlc aocaent and the aagnetlc
field produced by the orbital notion of the electrons (The Orbital
Tern).

2) The Interaction between the nuclear nagnetlc aosMnt and the spin
aagnetlc nonent of an oxtranuclaar electron (The Spln-Dlpolar
Tern).

3) The Interaction between the spin nagnetlc aonents of the nucleus
and an electron In the region of the nucleus. This Is slallar to
the spln-dlpolar tens, except It concerns the finite electron

density In the region of the nucleus (The Feral-Contact Tern).



Theoretical expreselons for all three contrlbutlona Include a tern

Y xA Mgnetofyrlc ratio and X and Y denote the coupled
nuclei). Y can be either poaltlve or negative depending on the
nucleua. Hence X X . _ . _

A y can Mke a poaltlve or negative contribution to

the coupling conatant. Pople and Santr/* defined a reduced coupling

conatant K, which renovea thla tera leaving the part due to the

electronic environnent of the coupled nuclei.

ORI o (1.2)

(Since and my be of different algna It ahould be noted
that. In double reaonanca experlnenta to conpare the algna of coupling
conatanta. the relative algna of the K"a are obtained. Thla la
Inportant for aevaral nuclei dealt nlth In thla theala).

Pople and Santry” conalderad the three above contrlbutlona In terna
of nolecular orbital theory for coupling Involving elenenta of the flrat
row of the periodic table. They ahowed that generally the Peml-Contact
tern nakea the donlnant contribution to the apln-apln coupling. The
orbital tern naltee no contribution, except where I1l-bondlng la Involved.
The orbital and apln-dlpolar tama are both proportional to a tarn
Involving a conblnatlon of 2£ bond ordera and the product <r“®@>"< r”e>0,
ebore <r la the mean Inverae cube of the nuclaua-electron dlatance
for a 2£ orbital on aton A. Evaluation of theae terna ahowed then to be
negligible conparad to the Peml-contact tarn. A poaalbla exception to
thla could be the nolecule P2, where the large value of
<r~">p nay lead to a nore algnlflcant contribution tram the apln-dlpolar
tarn. Except In caaaa where nultlple bonding la Involved and for

coupllnga |Involving fluorine, where the orbital and apln-dlpolar



contribution« can becoae significant, Pople and Santrjr*a conclusion that
the Peml-contact tern Is donlnant 1« usually assuned to apply even when
heavier nuclei are Involved.

Given the donlnance of the Feml-contact tern and neglecting the

other terne, the reduced coupling constant can be expressed as:-

xN” 64 W> i»ns.y<«)|* Tne./H Xy .3
Where fl Is the Bohr nagneton, | N~ O] la the s electron density at
the nucleus X for the ns valence orbital, and Is the nutual

polarlsablllty of the na K and y orbitals and Is defined as:-

unocc
xy 4. SS. X *icy Miif M.y (G0
(Bi - Bi)
where n L-C.A.0. coefficiente of the s type orbitals centered
on X for aolecular orbitals and (Bj - B|) la the triplet excitation

energy fro« the 1 th occupied «olecular orbital to the J th unoccupied
molecular orbital. The physical Interpretation of the «utual
polarlsablllty Is that It represents the change In electron density In
Sy when the energy of Sy Is changed and vice-versa. The sign of

rssldes In the «utual polarlsablllty, since It Is the only tens which
can be either positive or negative. It Is a suaswtlon of a nunber of
tar«« and the sign of each tar« depends on the product of the

coefficients In equation (1.4).

For the Isoelectronlc tetrahedral species BH"", CH?, only one
excitation contributes to X. The product of the coefficients 1«
positive and therefore 1« predicted to be poaltlve. Increasing In

value fro« B to N In line with the Increasing ¢-electron densities at
the nuclei for the valance shell atonic orbitals. For the nolecule HF

two excitations contribute to R. They are of opposite sign and given



that the energy difference between ~ and £ orbitala ia large, the
negative ten doalnatea (it haa a analler excitation energy).
Therefore ia predicted to be negative. NIth nuclei euch aa
phoephorua the energy of the 3£ orbital ia auch that ~“K(PC) and *K(PP)
can be poaltlve or negative.

An alternative approach to the rationallxatlon of trenda In the
slgna of coupling conatanta of directly bonded nuclei acroat the
periodic table, le thatcj\Fj]aaeaon and Outowaky”. They propoaed. given the
doBlnance of the Feral-contact Interaction, that the reduced coupling
conatant between two directly bonded nuclei. X and Y. could be
repreaented by the product of the nucleua-electron contact interactlona.

"(XY) 1.5)
The algn of la poaltlve If both S, and Sy are of the aaae algn,
and negative If S, and Sy have different algna. S, and Sy are aade up
of two parta.

- S (@ ¢ S_ (core pol) (1.6)

where Sj™(@) 1ia the direct Feral-contact tera cauaed by £-electron
denalty of the bonding electrona at the nuclaua. The aecond tera la
cauaed by apin polarlaation of core £-alectrons by an electron in a
bonding orbital. Sj,(@ la poaltlve and la the doalnant tern. If the
atoB aaploya orbitala with an appreciable £-charactar In bonding (a.g-
carbon). In caaea where orbitala of high £-character are uaed In
bonding (e.g. fluorine) It la auggeated that S, (core pol) Ila doalnant.
In the caae of fluorine Sp (core pol) la negative leading to an overall

6y. Jaaeaon and Outowaky auggeat there la a change over
between the two caaea aoaawhere In the region of Group V and VI. For a
nucleua auch aa phoaphorua In an Interaedlate group, Sp nay take either

aign depending on auch factora aa the hybrldltatlon atate (P* or P")



and the electronegativity of the eleaenta to which it la bound. For
exaiVle ~K(PH) la Invariably poaltlve (P*" or p"). whereae *K(PC) can
be negative (P***) or poaltlve (p™).*
An exception to the above ratlonallxatlon la NejP-PNej (~J(®*P®*P)
- -179.7Hx) which hae* a negative "K(PP). In thla caae Sp nuat be the
aaae for both phoaphorut nuclei In the aolecule. and thla would lead to
a poaltlve ~K(PP), Irreapective of the relative lwportance of Sp(x) and
(core pol). In general the approach of Pople and Santry la uaed when
rationalizing coupling conatanta of directly bonded nuclei*, rather than
that of Jaaeaon and Outowaky.
It la poaalble to alapllfy equation (1.4) by ualng an average
energy approxlaatlon to reaove the dIfflcultlee aaaoclated with the
calculation of Individual excitation energlee. By aaaunlng conatant

valuaa of alnglet excitation energlee an average excitation energy AE,

la Introduced and la replaced hy
i - ' *
Higy Ab'l P SO SCY) a.n
where P*S(*)S(/) la the S(X) - S(Y) bond order. Thla corraaponda to an

earlier derivation by McConnell™™, and leada to valuea of X1AT{ which are
alwaya poeltlve and are linearly related to the ¢(-character of the
hybrid orbltala uaed by X and Y In bonding. General application of tbla
alapllflcatlon la not juatlfled, alnce nay h poaltlve or negative,
but In a nunbar of caaea, auch aa for BH*~, CH?, it can be uaed to
predict certain trenda In the coupling conetanta.
1-2 rwtore Affecting SPIn-Snln Counllnx Between Dthct%Ey;Bound Nuclei
1. Hybridization

Although It la not generally valid to wake the average energy
approxlaatlon, the aodlfled veralon of equation (1.3) ahowa the

laportant Influence of hybridization on coupling



Ivit'> h Ivy'»’h <umel
*S(X) 8(Y) >y »* X«*y where a*)f It the i-cheracter
of the hybrid orbital uaed by X In the X-V bond, to eaphaalae the
dependence on the ~"Character of the a -bond between the nuclei, and
therefore upon the hybridltatlon. Thle 1t Illuatrated by valuta of
and ~J(* *Sn*®C) given In table 1.1 (N.B. le
negative which accounta for the negative tlgn of ~J(*"®Sn"@C) In thle
table).
Tible 1.1

Dependence of ~J("®CX) on Hybrldlaatlon

Molecule Hybridliatlon o*c X *J(*®CX)/Hz

Ethane 111® vd vV iad9 (a)
Ethane Vs 188.d (a)
Ethyne U Va \ ad8.7 (a)
H3C-SnBr3 vd “»Sn  -8d0.0 (b)
AC>C-S(nBr3 Ifi ~a “ ®Sn -laao.o (b)

a) Proa ref. 8, b) froa ref. 9.
The predlctlona of equatlona eucb aa (1.8) are leaa eucceaaful where one
or both nuclei have lone-palra of electrona with appreciable i-
charactar.

The i-character of a aolecular orbital can be affected by changea
In the hybrildliatlon of one of the atoaa. If a aubatltuant on an atoa X
la replaced by a wore electronegative one, the hybrldlaatlon of X Ila
altered ao that the orbital directed towarda the aubatltuent contalna
more £-character. Tbla concentrataa electron donalty at a greater
dlatance fro* X (l,e. nearer to the aubatltuant). Thla producea an

Increaae In the ¢-character of orbltala directed towarda the other



eubttltuvnt* (= lone pair will occupy an orbital of hlttaor i-character).
and thareforo a variation In oV The electronic tcreenln« of atoa X
will aleo be affected by the electng™netatlvlty of its aubatltuente. An
Increase In their electronegativity reduces the electron density around
X. leading to a reduction In screening, giving an Increase In the
effective nuclear charge on X. This In turn leads to an Incrsase In

[t n.df (O)j*. Both these effects act In the sane direction, producing
an Increase In the coupling constant. Since It Is not possible to tell
which effect doalnatee, i-characters cannot be reliably derived froa
coupling constants axcept In special clrcuastances.

The hybridisation of X Is also altered by Increasing the “bulk of
Its substituents. This tends to increase the Interbond angles between
the substituents, which aeans that the bonds to the bulkier substituents
will contain wore "-character. Tbs reaalnlng bonds will have a reduced
proportion of ;-character.

To suaaarlse, an Increase In the electronegativity of substituents
on X, will Inoreass the ¢-orbital contribution froa X to the X-Y bonding
aolecular orbital (a”K) and the ¢ -electron density at the nucleus
* "ns, ) e Akt being an Increase In the coupling
constant. Placing bulkier substituents on X will reduce the (-orbital
contribution to the X-Y coupling constant decraaslng the coupling
constant.

CMitIBtt Between Muclel Over Two Or Mors Bonds.

Nhen coupling constants *J(X«Y), where another atoa Intervenes
between the coupled nuclei are considered, the nature of the Intervening
atoa (N) and the bond angle X-M-Y aust ba taken Into consideration as

This |Increase In the nuaber of variables aakes quantitative

rationalisation of trends very difficult.



Thm Dirac Vector Model can be extended to cover coupling over tm
or More bonda, e.g. In the Molecule HOT thorn In PI0. [L.1I.

no. L.II

Tbe aane conalderatlona epply to thé electron-nucleua (Perni-
contact) and electron-electron (Paull principie) Interactlona. In each
two-electron noleculer orbitai. Nhere another aton Intarvenea, the
Interactlona botMeea electrona In dlfferent orbitala. In tbe reglén of
tbe Intervenlng nuclei nuat be coneldered. Hund"a rule atatea tbat auch
electrona abould bave parallal opina, Inplylng overall a negative
couplIng conatant. By extandlng tbla argunent It predieta tbat tbe algn
of tbe reduead coupllng conatant mll 1ternate aa thé nuaber of bonda
aeparatlng tbe conpled nuclei la Increaaed. SInce tbare nuat be a
Hund-type Interaction at eacb Intervenlng aton for trananlaalon of apln
Infomatlon, a rapld attanuatlon In the® of J la pradlcted aa thé nuaber
of bonda aeparatlng the coupled nuclei Increaaqa. AJ(*H*H) la Indeed
negative for CHj groupa with an bybrldlxed carbon aton, but there
are naay eonpounda In which two-bond oouplInga are poaltlve***.

Aa attenpt to account for ganlnaljMuplling conatanta waa Introduced
by Janaaon™* aa an axtenalon of tbe rationale propoaad for coupling
between directly bonded nuclei by Janeaon and Outowaky”, which waa
dlacuaaed earlier. The genlnal coupling la conalderod In terna of the
contact Interaction, dividing the contrlbutlona to ~K(XNY) Into throe

parta. Theae daacrlbe the nature of the X-N bond (Sy) and tbe N-Y (Sy)

10



bond with rospoet to trnntfor of nuclear spin inforwatlon botween the X
nucleua and the Y nnoleua. Theae are alallar to the terwa in equation
(1.6). The third terw « iunctlon of one- and two-centre
Integrala, deacrlblng the tranafer of electron apln inforwatlon frow the
X bondInc orbital la the X-X bond to the Y bonding orbital In the X-Y

bond. Theee are related to the reduced coupling conetaat by:

FOXY) 00 »X Vo TXXY

Since and 8" rapreaent Interactlona corraapoadlng to coupling of
directly bonded nuclei, the alga of can be predicted If the algn
cf fgjff la known. In wany caaaa It would appear that la negative

when the X-X-Y bond angle la between SO* and 110*. For tetrahadrally
hybrldlaed carbon la negative for X - H. C. SI, Sn, Pb, Cd, Kg,
and alao for X e the algne of S” and Sg being poaltlve, and In
(XegSnlgCK, ~K(SnSn) la negative*”, *R(8aC) being poaltlve*".
Bxoeptlona to thla eay be found If X baa an electron lone pair, a.g.
.(III)_

rwtm Affecting SpIn-Snin Counllne Betwaen Xuclel Senarated Sv

Three Or Xore Sonda.
1. Plhedril angla Deoendence

In aaturated X-C-C-Y fragwenta the valué of *J(XY) dependa
orltlcally upon the dlbedral angla 0, ahown In Plg. 1.I1l.

w. MU

vlew along C-C bond

Thla dependence prinarlly raaulta fron varlatlona In the Interaction of

11



C-X and C-Y orbital* aa tb* dlhodral aagl* 1* ebaacad™*. Thi* 1*
daaerlbMl adaquatoly by a Rarplu* «quatloii of tb* ganaral fora:-

*J(XY) “ Acox 28§ *Mcox0 ¢C (1.10)
Nb*r* A,B and C ar* aaplrloal oonatanta, gonorally B 1* nagatlv* and
B1> 1Bl - Nhor* X and Y ar* proton*. A, B and C bav* tb* approxlaat*
vain** 4.0 Ma, -0.5 H* and 4.S Xi raapaetlvaly. Plg. i.iv *bom tb*
Xarplu* enrv* ralatlac 0 to ’j(”B*K).

« 0-1 iv

Tb*r* ar* daator* la naine tbl* approaeb, aine* tb* KarpIn* aodol Ila
oaly «alld la tb* abaoao* of oloctronogatlv* aubotltnont* and dopartnr*
froa totrabadral anclo* at carbon. Tb* rolatlv* laefc of data abont
tbroo-bond coopllac oonatanta otbar tbaa *J(*i*0) aaka* It difflcnlt to
ACSXE tb* applloablllty of Karplaa-typ* rolatloaablp*. Thorofor*
Xarpln* typa agnatlon* ar* not gonaral for nnolol otbor tbaa bydrofon,
altbonfb tboy bava boon davolopad for aavoral otbor nota of nnolol

incindlac *3C*P*x). »IPI»C»<. *IC»C* »0N)» and >IC* »BPD)*», and

bav* baoa poatalatod for ~J(*"*Sa***Sn)**.



S) Lang »«M» CoUDIIM

Th« t*ra "lone rue»™® coupllnc i« «wllad iriMii th* coupled nuolol
oro eeparotod by ooro than thraa ehaalcal bonds. In saturatod -—
lone rania proton-proton coupllnc constants ara lanarally ssmll (oftan
aacllglbla) and often highly ataraospaolflo. Tha optlntss path for such

coupling appears to be a planar slg-tag chain, sea Fig. L.V.

HO- 1V
a-g- positions of protoas
PD *J(*H*1) S-ognatorlal-4 equatorial 1.0

a-aquatorlal-4 axial 0.48
a-aquatorlal-5 &aquatorial 0.0
a-agnatorlal-S axial <0.3

MFL, §.YI

s)

b)



They uy be deecrlbed In terne of epln correlation between electrona in
different bonde. Path a) conalata of two vicinal orbital Interactlona,
aa In the deacrlptlon of the dihedral angle dependence, and leade to a
negative contribution to *J(*h “h). Path b) conelata of a genlnal
orbital interaction (eoe PIO. 1.11) and a vicinal orbital interaction
loading to a poaltlve contribution to *J(“H"H)”nay be of either aign;
path b) doalnatea for the ilg-iag chain configuration giving a poaitlve
algn and Maxlnua Mgnltnde.
3) Coupling via B-electrone

H-electrona way be Involved in nuclear apln-apln coupling in
unaaturated eyateaa. The obeorved coupling conatant can bo written aa
the eua of two parte J and Since theD -electron diatrlbutlona
have nodee at the nuclei they cannot contribute to the contact tern. It
la therefore neceaaary to Introduce apln correlation between H andO
electrona. Thle aane interaction accounta for hyperflne coupling
between protone and unpaired electrona in the B.S.R. of related free
radicala. Three typea of o-Il exchange repulalon have to be conaldered.
a) Acetylenic - the o electron on H la atablllxed in the anti-parallel

orientation to the n-elactron on C for a H-C» group.
b) Bthylenlc - the anti-parallel orientation la atablllfed for a

"~C e group.

fr
c) Allyllc - in thla caae the parallel orientation la atablllxad.
Por the caaa of propane (P10. 1.VI1), both allyllc (c¢) and
ethylenlc (b) Interactlona nuat be conaldered and la

predicted to be negative.

14
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®)

SIDc* O-alactron «yatMM ara oftan dalocalltad, apln corralatlon
may occur for alactrona at atoaa aaparatad by uny chaalcal boada,
maklnc coupling via H-alactrona laportant In long ranga coupling. Thla
la aho«n by tba coapound CHgCaccvCCscaifllaiilcb baa a coupling ovar nlna
bonda of rj(lglH) - 0.4 Hi. Although 0.4 Hi la a anali coupling, It la
larga ahan ona conaldara that nlna chaalcal bonda aaparata tha couplad
nudai. Coupling via H-alactrona aay ba Inportant for nudai othar
than protoni. Analoguaa bava baan dram bataaan 0j(lglg) allanaa and
®-1("*SnlH) and ®J(H®Sn11*Sn) In allanyl atannana]l”. It haa alio baan
uaad to account for Ularga valuaa of ~J(H*Snl®C) In unaaturatad
apaclaa. 10
4) Throuah-anaca coudlna

Thla la Boat oftan Invokad to account for (F.F) Intaractlona ahara
tha nudai ara foraally aaparatad by aavaral bonds. A saal-oaplrlical
approach la takan ahlch bast dascrlbas (H.H) Intaractlona of thla typa.

“(AB) = » »A <*8asb ’*

®gasg ! *b* overlap Integrai batman valance i orbitala of atom
A and B and the constant la datonlnad axparImntallyl*. For (F, F)

Intaractlona tha through space contributions dapand on the overlap of

Xs



lone pair jj-orbltale*®. There ia little or no evidence for thla type of
mecbanlan Involving tin** or other group 1V eleMnta, although It la
quite likely that through-apace Sn-P coupling could be Inportant In
certain altuatlona.

The theoretical dlaouaalon of nuclear apln-apln coupling given In
thle chapter appllee prlaarlly to coupling Interactlone between lighter

eloncnte auch ae *H and **C, which belong to the flret row of the

periodic table. Although there 1la little theoretical and United
experlnental evidence It la generally aaauned that the Feral-contact
nechanlaa alao donlnatee the apln-apln coupling of heavier eleaenta and
that aany of the other factora dlacueaed earlier nay alao apply. Thle la
the approach that haa been taken In thla theale. However for heavier
eleaente relatlvlatlc effecta becnae algnlflcant and It haa bean pointed
out that the ralatlvlatlc analogue of Raaaey®"a theory ahould be uaad**.
In thla altuatlon It la uaefol to know the algna of coupling conatanta
Involving heavier eleaanta, and In the caae of thla theala the algna of

varloua coupllnga, principally Involving tin have been Inveatlgatad.

*e» Coupling Conatanta "j(Hy) (H - ***8n, *””Pb; Y - other — g».Mo

nucleua; n > 1)

In thla review eaphaala haa been given to two-bond and longer-range
couplInga, aa well aa to coupllnga which Involve nuclei other than *H
and **C. except In the caae of nany-bond coupllnga which have novel
intervening atona.

A greater volune of Information exlata for ***Sn compared to *°/Pb
apln-apIn coupling conatanta. Thla la reflected In the prevloua revlawa

lead**"** N.N.R. and In the reporta of apln-apln

coupling conatanta given In Raporta on H.H.R.*® Of



the*« the review of **Sn-10IR paraaetere by Nrackaeyer* givee the aoet
coaprebenelve coverage of **®Sn coupling conatante and ae euch fora* a
general atartlng point for the ***Sn part of tbla review.

One-Bond Coupllnae

One-bond coupling conatante are probably the beat underetood due to
the abeence of Intervening atone and have tberefora generated the noat
Intereat concerning the theoretical prediction and experlnental
detemlnatlon of their abaolute eigne. Both Kennedy and NcParlan«,”*
and Jaaeaon”™* have tabulated the known eigne of group 1V one-bond
coupling*.

In aany caaea the ratio *K(SnX):*K(PbX) reflect* the relative elxea
of|T(0)]2. However thl* relatlonahlp break« down for coupling* to
electronegative and polarleable elaaenta where It 1« neceeaary to
conelder change* In the nutual polarleablllty,

*J(1IMH)

For conpounda of the type *p_~SnH" (a < 1-4, R - aryl, alkyl),
*J(***Sn*H) ehowa the expected trend* concerning the nuaber, bulk and
electronegativity of R.*’®* R(SnH) la poeltlve for theae couplinga™.
SnHg , where ~J(™®8n"H) < 109.4 Hx la an exception due to the electron
lone-pair on tIn*».

Only two value« of *J(*®""Pb*H) are known, one for 1le3PbHE® (2379

Hx) and on* for PbH" (JeSB Hx) which haa a poaltlve 17p”~g)
~NJ(M*@C)

In general, good correlation* between the coupling conatant and the
I-charact«r and/or effective nuclear change of the central atoa are
found for *J(™**8n *®C)However the relatlonahlp with tin and
carbon hybrldIxatlone can break down In unuaual altuatlona, for axaaple

In p~-CgHg tin (11) cowpounde* or RjHn"LI* (R - He**, Ph®”). *K(8nC) 1«

17



generally poaltlve except In ItegSn"Ll* where *K(SnC) la negative”
since aoat of the tin ~-character raaldea In an electron lona-palr.

It would appear that generally followa the aaae
pattern aa *J("*Sn~*C)**_. However due to the greater polarlaablllty of
lead anoaallea are wore likely to occur In unuaual altuatlona. For
exaaple ~K(PbC) 1ie alao generally poaltlwe, ®""***@**® but nay be
negative for K(Pb-C= whereaa ~K(Sn-C») la poaltlve. Alao
*JC*®1"Pbl@®c) la large and aolvent-Independant In PhgPb*X* (X < LI, X)
whereaa In PhgSn-X* “j(* *Sn*®C) la relatively aaall and aolvent
dependant.

m- m'>m' .»»SI. »»8n. »OT P>

Of theae coupllnga aoat data la available for *J(***Sn*"®8n)®.
(often ~NJ(***Sn""*8n) la reported alnce tbla coupling can be
aeaaured where the coupled nuclei are In equivalent altea).
1J(llQSnllgsn) generally dependa on the tin hybrldlxatlon whan tin
aubatltuenta are not bulky. In tbla altuatlon ~K(SnSn) la poeltlve._**~
s3 However when the tin aubatltuenta are bulky®* and aterlc hlnderance
becoaea laportant or In anionic apeclea where tin haa an electron lone-
pair, the tin-tln (-overlap la aaall and My becoae negative

leading to aaall®* or negative®® valuea of "~R(SnSn).

Much larger valuea of *J(* *8n"*®Sn) have been reported for dltln
®@®P®knda with five coordinate tin which have electronegative oxygen or
aulphur atoaa co-ordinated In the axial poaltlon (the geoaetry at tin la
trigonal blpyraaldalHowever aaaller valuee of *J(**®@8n"*®8n), of
the aaae aagnltude aa obaervad for four coordinate dltln coapounda, can
occur In five coordinate dltln coapounda with long tIn-tln bonda.@"

*J(*"*8n~**8n) haa alao been aeaaured for a wide range of naked-

aotal tin cluater anlone.*"**’@* Theae can contain other atone auch aa
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Pb, Oe, TI. BI, Pt and Te aa Mall at tin, and varloua ayataaatic trenda
In NJ(***Sn*"*Sn) are reported.®*

~K(SnsSl) it potltlve In MeaSnSIMej** although very few valuea of
*J(***Sn**Sl) are known.

Although *K(SnPb) 1la poaltlve®* In MegPbSnNeg. Ita Magnitude it
awall whan coaparad to ~K(SnSn) In HegSnSnNeg. Proa thlt It would
appear that *j(*°"~Ph~*@Sn) la even aore aenaltlve than ~J(**"sn**®Sn) to
tubtle changea In bonding. *J(*°’pb*“ *Sn) hat alto been reported for a
aerlea of naked-aetal clutter aniona.*®*

*K(PbPb) ahowa even aore extreae behaviour than *R(SnPb). In
NegPbPbNe3 , *K(PbPh), although poaltlve, la extreaely aaall.** Alao a
recent report ahowa that *J(*®’pb**’pb) la extreaely aenaltlve to the
nature of the lead aubatltuenta and nay change algn with certain phenyl
and anlayl aubatltuenta.**

*JIM “ b) and h(H *®T1I
~K(SnB) hat been ahown to be poaltlve**™*® and given the low polarity of
Sn-B bond, changea In hybridization are well reflected by *J(***Sn~*B).*

Bealdea [(MegSnJATI) LI** (~KiSoTl) poaltlve) *J(*1®Sn *@BT1) haa
only been reported for naked-aetal cluater anlona.**

‘n(PbB) la poaltlve** In NegPbBdMeCHj-1j «»d appeara to parallel
~K(SnB) reflecting the change In | ] *

~*g> and *AP|

It la difficult to predict the algn of ~K(SnN), for which both +ve
and -ve valuea have been deteralned.**™*®”** due to the polarlaablllty
of tin and the preaence of an electron lone-pair on nitrogen. Although
the available *J(*“ ®Snl*M) data are aparae.*’*@e**me* changea In
affactlve electronegativity have been uaed to account for ~J("®Sn™*M)

In Na~.,,Sn(imePh),, (@ - 1-4).**

19



In contrast, the sign of ~K(PbN) haa been found to be negative
82 83
in all cases so far. Thle la due to the i-overlap Integral B(PbN)
being saaller than B(SnN), which leads to a large negative value for

83,64 _ ) -
n pi~. However Insufficient data exists to establish any trends In

1j(207p],19,) 63-85,69-71

In (HegSnInPhj jjP (n - 1,3), *K(SnP) Is negative.” Nhere the
electron lone-pair on phosphorus Is used In aetal coaplexatlon "K(SnP)
becoMs less negative. Besides coapounds of four coordinate tin (1V)®,
il ~J(MeSne™P) of unknown sign have been reported for tin
an and six coordinate tin (V) ~ phosphine cowplexea; large
values being reported for the latter.

lK(PbP) la alao negative 52 83 In four coordinate lead (1V)
conpounda, though the effect of using the phosphorus In natal
conplexatlon Is not reported. ~NJ(*®’pb*“p) la also reported for lead
(1) phosphine conplexas.*M*®*M

LIIMASe) and >I(M»@»Te>

Although the date evaileble for these coupling conetents le
United,9 76 ’1\K(SnSe) has been shown to be negative for tin (V)
conpounda.®***®’"* Variations In *J(**®Sn""~Se) have been accounted for
by changes In effective nuclear charge."™®  *J(**®9n"*"Se) has been
reported for a series of lIntl anions*® of the type SnTe.Se" (n - 0-
4) and 9nTe”Seg_||* (n - 0-3). Also *J(**@Sn"""Se) la generally snaller
In cationic tin (11) than In tin (1V) conpounds.

~K(SnTe) la also negative In tIn(1V) speclee™*"*" and It has been
denonetrated that *J(**®Sn“**Te) parallels *J(*"®Sn"""Se)’*.
*J(*"*Sn™@*Te) la reported for the sane series of XIntl anions*® as
~NJ(* »Sn” se).

Only one value of ~R(PbSe) has been reported, for Me3PbSelle which
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1« nagative™.
iLilLii)
Baaldea aubatltuted SnPg”~ apeclea,* only one value of *J(1**Sn**P)

for (PhCNe2CH2)3SnP, la known. In thla apeclea ~K(SnP) la negative**.

(M* - tranaltlon aetal>

Tbeae coupling conatanta are noted for often having very large
aagnltudea. The aajorlty of valuea In the literature concern
ANJ(M*Sn***pt)®, aoat of which are for coaplexea containing the Pt-

SncCI3 group.9’82_86

*J(**@Sn***Pt) la alao reported for cowplexea
containing organotln Ugandaﬂ:‘AT and for Pt-Sn-Pt coaplexea.**

The next largaat data aet la for *J(***Sn*°*Rh) which la reported
for a range of Rh-SnCI3 coaplexea.* ** *J(*F**FSN*FRU) *F T,
FIF»Sn*Toa)* x,  FICFFSn»«llg)*, *FI(*F«SnFFV)« and *FICF»SnFFFW)»
have alao been reported. Of all thaae coupllinga, only the algn of
*K(SnN), which la poaltlve**, haa been detemlned.

Por 1lead only valuea of *J(***Pt*®"Pb) have been reported for
organolead coaplexeaﬁz’ftft and naked aetal cluater polyanlona.**
TWo-Bond CouDllnaa

The aaae factora that deteralne one-bond coupling conatanta alao
apply to two-bond coupling conatanta. However the preaence of an

Intervening atoa Introducea another aource of variable which can effect

their aagnltude and algn.

Where X la carbon, there la a wealth of data for *J(**®Sn-X-*H)
which la adequately dealt with elaewhere.*”*". Only a Halted aaount of

inforaatlon exlata for *J(*“ *Sn-X-»H) where X la any other eleaent.
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In MegSnPHPh, nefatlve®"- »tore
Inforaatlon Mints for *J(*"®Sn-X-"H) In tranaltlon Mtal coaplexaa.®
Mhera X - Pt*™**, I1r**”*® or Rh**. The aacnitude of *J("*®Sn™H) is
dependant on the geoaetrleal relation, or trane. of the coupled
nuclei.

*J(®®Vb-C-*H) varies In a slallar way to *J(*"®Sn-C-"H), *K(Pb-C-
H) being generally negative.®«*8®-«3 goat values are for Intervening
la® hybridized carbon. though eoae exist for en® hybridized
carbon_**._

®JIW-X-"@C)

For ®J("®Sn-X-“@C) the aajorlty of the data la for X - c*"*”.
Also K(Sn-X-C) has been reported as positive for X - Sn and negative
for X - N®, and a single value has been reported for X - As.*® A
geoeetrlcal dependence has bean found for @®J("*®Sn-X-*@C) In soae
transition natal carbonyl conplexea (X < transition netal, 7®C -
X=»3C-0)*-**

Although there Is less data for lead conpared to tin, the vast
najorlty of reported values of @J(®®""Pb-X-*®C) are for X -
(:37 A274B 49 98 A negative sign has been detemlned for ®R(Pb-0C)
conpared to a positive sign for ®K(Sn-CaC) In analogous conpounds.®®
For NagPbPbileg ®K(Pb-Pb-C) Is positive.®«

w" . @@8l. “ ®Sn. @0Tpb>

*J("MB®Sn-X-"®8n) covers a large range of values with a variety of
Intervening atone.*’®*™*" Negative values of ®K(Sn-X-Sn) have been
detemlned for X - C:L2 , N and P ® and a positive value for X - Sn @.
Values have also been reported for X - 9, 0. Se, Te and for a range

of tranaltlon netals,®.«®.«®.@® ®j (n»g,,1193,,,

behaviour of ®J(«*P ®P) in transition netal conplexea.®
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2
Only a twm valuea of J(*"*Sn-X-*®SI) and ®J(***Sn-X-*®’pb) hava

baen raportad for X - C@®*"*** and N.*®
*J(*°""pb-X-*®S1) baa baan aaaaured for Pb(N(SINo3)2]2**
®I(W-X-3"P>

2,119 31
J( Sn-X- " P) baa baan raportad altb a variaty of Intarvaninc

atoaa,® includln« X - C, 0, S and a tranaltlon metal.*®"*” ’®® Aa altb
JOA*SNAM*RSN), ®J(*”®Sn@®MP) In tranaltlon natal coaplaxas parallala tbha
babavlour of *j(**p ®*P).

A fan valuaa of *J(»®’pb-X-®“p) bava baen raportad for conpounda
wbara X < 0, S, Sa”™®® and In tranaltlon natal conplaxaa nbara X < Pt*®
and
Other Two-Bond CouDllIn« »jTm-x-v »

Two-bond coupllnga to otbar nuclal ara aucb rarar. Por tin® thaaa
Includa ®J("®Sn™®P) for varloua polyfluoroorgnnotln®’® conpounda and
®J("MBSN-Sn-"@®Ta) In a tin-tallurlun batarocyclo.®*” Two valuaa of

ara raportad for two différant tranaltlon natal

coaplexts;9 82 one of which le resarkebly larf»,” as la the reported
value of AN@Sn-1r~"®®H9) In another transition aetal cMiplex.®
2J(llQSn—Pt— I la alao reported for a couple of aquare planar platlnun
CMiplexea.®®

valuea of ®J(®®"Pb"®F) ara known for Ilead trifluorocarbon
conpouada.
Three-Bond CoupllInxa ®JQi-x-z-v>

For tin Interest in three bond couplings has centered on coupling
to ”®C. and to a laaaar extent ~*@®Sn. Aa nantlonad earlier a

Karplua-type dependence baa bean clalnad for @®J(**®Sn*®C)*",
®J(»®Sn*D) “» and 3j(11®snnB®s«)«. a alnllar ralatlonablp baa yet to

be proved for ®j(*“ ®n*H). Often |3j(* @Sn*H)| > I®J(**®Sn’\H)| and
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1 I>1~ J (1 Mhere the Intervening atone are carbon.
For ®J(***Sn*H) exaaplea alto exlat nhere an Intervening carbon Ila
replaced by an electropoaltlve (e.g. Sl. Sn. Pb) or an electronegative
(e.g- N, S, Se) beteroaton.*

values have also been reported for aystens nfaere one

or both Intervening atons are not carbon. For exanple ~J("*Sn-B-N-

C). ®I(™*Sn-X-Sn-"@C) X « 0, S, Se. Te. C. Sn. SI.® and ®JI("*®Sn-Pt-
irtiere the coupled la a carbonyl**.

Host of the reported values of *J(**®Sn*"®Sn)" are for conpounds
wherft tiM IntervMInc eto«« are both carbon, Howavar a vary larca valua
of *J(* »Sn“ ®Sn) la reported for [Pt2(SnCI3)2(p-dppn)2]® and a nuch
snaller value for [Pt2(SnC13)4(C0)2)*" ** Mhere the Intervening atoas
are tMo platlnun atons In both cases. Also ®J("**Sn***Sn) has been
reported Mhere both Intervening atone are tin. 50-S1 A positive sign has
been detemlned for ®K(Sn-N-N-Sn) .**

Other ®J(™®SnY) have been reported nhere the Intervening atons are
carbon and Y - @*p. “p, ~*F. @®°~Pb, **S1 and ***Pt.®
®J(***Sn-C-Pt-®*P) has been neasured for a series platlnun conplaxes.

Three-bond lead couplings to and FHUCH _ew alnllar
trends to tin couplings and often nhere the Intervening atoas are carbon

1@ (*«Wh)] > | *I(*«Wh)] and |@I(*»WRC) | > |*I(*»pb*eCjj.**

Aa MIth tin. values of ®J(*®*Pb-X-C-*H) exlat Mhere an Intervening
aton la other than carbon®*. Mhere X - Pb. Sn (for Mhlch ®X(PbH) la »ve)
and X m Se. N (for Mhlch nagnltudea only are reported).

For couplings to carbon ®J(*®"/~Pb-C-Pb-**C) has been reported.**

Three-bond couplings betMoen load and other nuclei are extranaly
rare. *J(**Wpb-Pt-**P) in £if£-(Pt(Ph)(PPh3>2(PbPh2PbPh3)] has

observed for the phosphorus trans to tho organolsad Iigand.03
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fPur-Bond and LoMwr B«n«i ~MypUnfT
It la occatlonally poaalbie to obaerve very larfo range couplinga

for tin and lead.

Boaldea a few valuea of long range couplinga to and fron
“ eSn*-@®” and 207p,,43-45 106.106 ny, IT,107.108 ~MW07
aeven bond “j(*"*Sn*"*Sn) have been reported. Couplinga to other
nuclei Include four*! «,j ,ive bond “j(!!»Sn!»P) and

and ®J(1**Sn«Sl).1@!
For lead four® 1"*!* and five bond “j (*°W*F) have been

obeerved.
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atfTw a

WLTIPLB KBSOmMHCB KXPtRfmnrr«
3-1 Introduction

In an ordinary (alnalo roaonancal m .N.R. axporlaont thbo aaapla la
plaeod In a nacnotlc riold and axpoaod to Juat ona radio froquancy.
»mavor. It la alao poaalblo to porfora nnltinla raaon«»«.! aaporlnanta
In Nhich aovaral radio fraquonelaa aro naod, tho aoat coMon typo of
Mhieb la doubla roaonanco3 nha, «no typo of nueloua la Irradlatod at
Ita roaonanoo froquoncy, nbllo anotbar In tho aaM noloeulo la oboorvad.
Tho couplInt botHoon tho obaorvod and Irradlatod nnclol than loada to
dlIfforont portnrbatlon offoota baine obaarvad, dopandlng on tha
fraquancy and anplltudo of tho Irradiating (aiao kaonn aa tha
*daooupllag*, “parturblng* or "tloklIng*) radio fraquoney flald. Tbaaa
onporlaonta can ba althar boMnucloar (l.a. aMmg llka naelal which ara
chanlcally ahlftod) or hataronnolaar (l.a. ona apaclaa la obaarvad wfella
anotbar la Irradlatad), aaoh praaantlng dliffarant Inatrmantal probloM.

Tha uaaa of doublo roaoaanoa taohnlquaa ara dlvaraa and Includo tha

raaoval of unwantad apln-apln coupling” in **y and *g apaotra; tha

olIBInatlon of auclaar gnadrupolar broadanlng (a.g. duo to *) la
proton apaotra; tha datarnlnatlon of chanlcal ahlfta and coupling
conatanta of othar nudai (a.g. 7”’sa *®*uh *, **@pt ”); tha
dataralnatloa of ohanloal ahlfta of protona ahoaa raaonanoaa aro
ooncaalad In tha norMl apactrun*; tha datamlnatlm of anolaar gooMtry
fron naclaar Ovarhauaar affacta*; tha atudy of apln-populatlon tranafar
affacta*®; and tha datardnatlon of tha ralatlva algna of coupling
oonatanta™*.

3-3 Doubla naamian” BUFftrlUTNIT

Tha aMcaaa of nany doubla roaonanoa axparlnanta dopando on balng

nbla to Irradiata tha appropriata tranaltlon(a) without algnlflcantly
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err*ctliic other». Thle eete a major limitation on the pomer level of
the Irradiating radio frequaney field and therefore upon the type of
perturbation affaeta that can be achieved. It may alao be neeeaeary to
reduce the power to nilnlnlae electronic Interference affecta. finally
linltatlona In the equipment uaed nay dictate the power level of the
Irradiation field that can be need.

At high power» decoupling can be achieved, where Irradiation at or
near the reaonant frequency of one nnclaua ramovaa the apln-apln
coupling which It produeee In the apectrum of another nucleua”™ (aee
rig.a.l). A alnple explanation of thla effect la that rapid tranaltlona
are Induced between the apln atatea aaaoclatad with the Irradiated
tranaltlona ao that the lifetime of a particular atate la abort compared
with ~/J lAere J la the relevant oonplIng conatant, thereby removing the
coupling affect. At aomawhnt lower power level» »elective decaunlIM i«
achieved, whereby the only coupling removed la that arlalng from
Irradiated nnclal lying In a particular (ohoeen) chemical ahlft range,
mxteadlng thla effect to a three apln ayatM (Aitt), the A-M coupling can
be aelectlvely collapaed In part of the A apactrum oorraaponding to a

opln etate of X by Irradiation of tramaltlona In the N
apectrua aaaoclated with the aaaa apln etate of X. An example la given
in no, a.ll where A - “ »Sn, g - »g, X - m anch an experiment
the general criterion for being able to achieve aalactlva decoupling la
that the coupling to bo eollapaed [J(A-N)] auat be email compared with
the other two coupling oonatnata, J(A-X) and J(N-X).

Mhere the Irradiating field la too weak to canae aolaetlva
deeouplIng then *apla tlekllag” la aald to occur. In anch expérimenta,
tranaltlona which have an energy level In cowmen with the Irradiated

tranaltlon are apllt Into aynmatrlcal donbleta, where the alia of
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epUttlnc depend« on the power of the Irradiatine fregaenoy**. An
ejwaple 1« given In FIO. a.lll. if tbe Irradiating fregnaney dona not
anctly colnelda with the tranaltlon under ooaalderatlon. the eowpoaenta
of the doublet will not be of equal Intanalty, and will not be
o> * * k@rkky, apecad about the unperturbed poeltloa. the aore Intenae
eonponent being oloeer to the unperturbed poaltlon**. Aa tha
Irradiating freqaaney offaet beooMa larger the doublet prodnoed beeoM«
aore dlatorted until no obaervable effect can be aeen. The effect« arlae
baoauae Irradiation of the trnnaltlon cauaea aoae nixing of tha wave
function« of tha aaaoclated energy level«, thua producing naw level,
Involving «one pravloualy forblddaa tranaltlon« whloh bacon« allowed,
menoe aa aaaoolatad traaaltloa la raplaoed by two naw tranaltlona, which
appear aa tbe doublet coaponanta.

Aa the radio fregnaaoy power la further deoreaaed «pia population
tranafer affect« begin to predoalnate with Inteaalty changea beli«
obaerved In aaaoclated traaaltlona*”. The advantage of population
tranafer axperlaenta 1« that It 1« poaalbla to reoognlaa the
progreealvely and regreaalvely aaaoclated traaaitlona. The changea In
Inteaalty aeea are due to partial or ooaplete aaturatlon of the

Irradiated traaaltlon (A -> B, aee FIG.2.1V).
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Bnwgy U vtl of Two Coupled ||ucici

Thi« iMda to oqgiwlIMtloa of tho population« of tho two «norKy
lovola coniMctod by tba traaaltIM (A -> B). Olvan two aaaoclatad
traaaltlooa; on« prograaalvaly aaaoelatad with tho lowar anorgy laval
(A) connactlnf It to anotbor, Jlowar onargy laval (A*), and on«
rogroaalvaly aaaoelatad with tho hlgbar «nargy laval (B), connacting it
to anotbar, lowar anargy laval (B-), tba population of tba blghar laval
(B) will ba Ineraaaad raduelng tha population dlffaranca batwaan It and
tba laval (B"). Tbarafora tba Intanalty of tba ragraaalva tranaltlon
(B"-> B) will ba raduoad. Tba population of tba lowar anargy laval (A)

daeraaaad, Incraaalng tba population dlffaranoa batwaan It and the
laval (A"). Tbarafora tha Intanalty of tha prograaalva tranaltlon
nlll ba lacraaaad. An annpla la glvan In F10.2.V. Tha affact
dapanda on tba ralantloa propartlaa of tba nuclal. Por population
tranafar affaeta to bo aaan It la naeaaaary that Tjjj < Tj» (wbara an X
tranaltloa 1« Irradlatad and A tranaltlona ara parturbad).
Tbha width of Ilnaa la a high raaolutlon Pourlar tranafom H.N.R.

apactrun obaarvad In a nnltlpla raaonaaoa axparlnant, nay dlffar fron
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isiaaiaial e « oeeventlenal alagl* resenaee# asparIMiit*"” la
canaral tba aagnatlc flald lalioMiganalty dataraloas tba width of Iloo*
in a apoctrua. Miaro a traaaltloa baa baaa aplit lato a doublat aa tho
raanlt of a aultlpla raacaaaoa axparlaoat, the coapoaaata of tha doublat
will be olthar aarrowar or aharpor thaa tbo uaporturbad llaaa. If tho
partorbad traaaltloa la prograaalvaly aaaoelatod with tha Irradiated
traaaltloa tha Ilaoa will bo broador, aad If It la rogreaalvaly

aaaoolatad, tho llaoa will bo abarpor**. Alae tbo oatoat to which tbo
Ilaoa of a apoctrua aro broadoaod or aharpoaod dopoado oa tho ratio (r)
of tho aagaototyrlc ratloa of tho oboorood anolaua

(X») aad tho Irradlatod auclona (Yx> flvoa la o«natloa a.l.

@n

If r > 1 thaa tho affootod llaoa will bo aharpor »«a if r < i tha
«fioofod llaoa will bo broador, thaa tho uaporturbod llao*»,
Tboro aro ao cloarcut polata whoro oaa typo of parturbotloa offact

takoa ovor froa aaothor. It la poaalblo to aao both llao apllttla« aad

populatloa traaafar offaota togothar. which eaa load to altnatloaa whoro
loaa of peak height, duo to alaeat roaolvod Ilao apllttlag eaa bo
couatoraetod by aa lacroaao la tbo lataaolty duo to apla populatloa
trauafar aad llao broadoalag. Tho roaultlag peak thoa aoroly appoara
allghtly broador. la pulaod Foorlor traaafora oxporlooata It la
pooalblo to aoparata tho llaa apllttlag aad lotaaalty offaeta by gatlag
tha Irradlatloa. Tbo llao apllttlag affect la abort lived ooaparad to

the apla populatloa traaafor affect. If tho Irradlatloa la awltehad oa

oaly durlag tho aocuaulatloa of tho T.1.D. tho apla population traaafor

offoet haa luaufflelaat tine to build up. aad only tho llaa aplittlag la
aooa. Tho pulao delay uaod (l.o. tho latorval botwooe anecoaalvo

accunulatlona) auat bo loag oaough to allow aay populatloa chaagaa
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cauaad durine tIm pmvloua accuMilatlon to rolax. bofora tba naxt P.i.o.
la aecoaulatod. Convaraaly If tho Irradiation la applied bofora and not
durine tbo acouwilatlon of tha P.I1.D.. tba lina apllttlne affact ulll

dlaappaar laavline only tha lonear Ilvad. rolautlen-naaoclatad. apln

population tranafar offaota.
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2)

3)

4)

PtttriIMtIQU Of Th« SiKM Of CaunUM CoMtMif

InforMatlon conocmliis the eigne of oonpling eonetute oan be
obtelned In a niwber of waye:-

Stndlea of nolecnlea «blob have boon partially orlentatad la liquid
cryatala can ylald the abaolnte algae of coupling eoaatante”*. The
rotational notion of tbn nolecule la aufflolantly hindered, for the
Intemolecular dlpolo-dlpole coupling to bo atlll averaged to aero
aa In leotroplo N.N.R., but the Intranoleoular dlpole-dlpole
coupling la not and coatrlbutea to the obaerved apllttinga. By
conparlng thla value to that «blob la obtained In an laotroplo
nadlun, the alga of the apln-apln coupling rolatlva to the dipole*
dipole coupling («blob nay bn of known algn) la obtalnad.

In particular caaoa a atrongly couplad apla-ayatan (at tbha
appropriate field atroagtb) nay anblblt 2nd order faaturea, the
aaalyala of «blob will give the relative algae of acne of the
coupling oonataata Involved**.

For certain conpoonda tba nagaltude of the obeerved coupling
oonatant varlea In reaponae to a chai«a In a property of the
aolvent**. if thla change la known to be la an abaolute direction,
tbe coupling oan bo aoen to Inoreaao or decreaae relative to Ita
elgn. Theae eolvont effecta are not well underatood and the
behaviour of related coupling coaataata of known algn nuat be
ennlned before valid conolnalona can be drawn.

The obaarvatlon of double quantun traaaltlona can be uaad to
eeetcrwlne tbe relative algna of coupling conataata**. Thaae are
obaerved when tbe radio freqaenoy field la Inoreaaed to the point
where tbe alngle quaatnn tranaltlona are Juat aaturated. The

frequency of a double quantun traaaltlon la given by tbe eon of the
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6)

frcgmnclaa of two of tho olnglo quaatua transitions (altb raspaet
to thalr slgna), tbaraby yloldln« tbs ralatlvo signs of tbs tso
coupling eoastsnta.

my far tbs aost gansrally sppllcabls natbod for obtaining
Infomatlon about tbs signs of coupling constants is tbs uss of
doubla rssonancs anpsrinsnts. tbs tscbnlgno altb ablcb tbls study
la prlaarlly concsrnsd”.

Tbs rssults of doubls rssonancs oxpsrlasnta, analysis of 2nd-ordsr

spaotra and tbs frsgnsnclas of doublo quantua transitions can glvs tbs

rflltlYt <1fM of coupling constants, ablcb ars Invariant altb rsapsct

to tbs rsvarsal of all tbs signs of all coupling constants In a

aolsculs. Hoasvsr It Is dsslrabla to knoa tbs abaolnts signs, and tbls

can bs acblsvsd by dstsralalng tbs signs of coupling constants rslatlvs

to ons of a nnabsr of ksy coupling constants for rtilch tbs abaolnta sign

bas bssn sstabllshad. Thsss kay coupling constants appsar alaays to

havs tbs ssM sign Irrsspsotlva of tbs particular coapound sxaalnsd.

Tbsy ars gsnsrally dstaralnsd by studlas upon partially orlsntatsd

aolsculsa and seas of tbsas ars llstsd In tabls 2.1.

Tabls 2.1

Couplliw Sign Rsf
(**C-*B) . IS

h  (*c-**p) - IS
In stbyl group * 20

In aroaatlc ring . 21

- 22
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*e* ?lia PtttrilMtlOB 9r Poubl» M«onaiie« n»«»

Looacly eouplad «pia ayatMa ara coaprlaad of a nuabar of
aubapactra, aach aaaoolatad wltb a dIffarant apln orlaatatloa of a
partloular nuolana. It aay ba poaalbla to dataralna iriileb Unaa baione
to a partlcolar anbapactrua by donbla raaonanea axparlaaata. ableh
parturb only lloaa balooclnt to tbat aubapactrna. Nhlcb Ilnaa of a
apaetrua baione to a partlenlar anbapactrua dataralnaa tba ralatlva
alena of tba eoupllne conatanta.

For axaapla conaldar tba AHlI apln ayataa provldad by tba and

195c¢ nudai of () In F10.a.VI

F10.a.Vl atructura of cla-(I»t(I»Fb3)aFh(8nClI»lia)l

@5 31Ta ey

Pb2CISn- W gy (aaa Fle. a.Vvll for “*GPt

and apactra)

Tha A, N and X apactra conalat of four llnaa aacb, aa narfcad In
F10.a.VIl. Tha apln-atataa ((-) onaa ara of lowir anarey) of tha t«o
nudai aaaodatad wltb a partloular tranaltlon of tba tblrd ara elvan
for tha oaaaa of (a) all tbraa eoupllne conatanta poaltlva (b) J(AN) and
J(NX) poaltlva. and J(AX) naeatlva. ibla la ona May of Intarpratlne
alea dataralnlne doubla raaonanea axparlaanta. Anotbar la to oonatruct
a coMplata anarpy lavai dlaeraa for tba ayatan. For a tbraa apln ayataa
tba anarey lavala can ba rapraaantad by tba vartleaa of a cuba; adeaa
oorraapondlne to tba alnela quantua tranaltlona, wltb all tboaa parallal
balonelne to a alnela nuclana. Aa In tba praviana aotbod FI0. 2.Vili

(@) rapraaanta a ayatan nbara all tba eoupllne conatanta ara poaltlva

44






(See chapter 4 for conpliag conetaats)

¢4005.
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fi.aYH iawp uvti 0iMT— of M AW ,piB «vit—
*)

b)

Wb*n e particular traaaltlon la Irradiated, other tranaltlona eblch
share aa energy level with It «111 he perturbed. Therefore «hen the N-1
transition Is Irradiated, (a) If all the conpllag constants hsvo the
**** oif®» the A*l, A-8, X-1 and X-8 transitions «111 be perturbed or
®) If j(AX) Is negative and J(AN) and J(NX) are positive, the A-2, A-4,

X-a and X-4 transitions «111 be perturbed. The result Is sho«n on the
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«ji9UMI<m of tha A and X 1lms 1b PI10. 8.VIlI (c). Th* latter (b) la tha
caaa, aad given that *J(*‘p-**@pt) la eva, *JI(**@Pt,-**P") and
*J(**’Pt,r""% " e positive and ®J(®*Pa-**Px) la nagatlva. It can ba
aaaa by axanlnlDg the energy level dlagran that to OMpare the algna of
all the conpllng oenatanta In a ayatM by doable reaoaanea experlnenta,
each different naolaua miat be either obearved or have Ita tranaltlona
Irradiated.

In the axanpla above, all tha nnelel Involved have poaltlve
magnetogyrle ratloa. Xowavar, |If one of nuclei haa a negative
Mgnetogyrlo ratio the altaatloa la not aa alaple. The reaaon for thla
la that Mhan the apeotral paraaetara are defined In taraa of J"a and
*"a, tha aagnetogyrle ratio (y) appears In tha ehaalcal shift part, and
not the apln ooupllag part of tho oapreaaloa for an aaergy level. It la
bettor to eonalder the experlaut aa co””lIng the algae of the K*a (the
redaoed ooopllIng eoaatant), ahloh la Indapeadaat of y and la daflned In
aquation 1.8.

* approach can he need to Interpret a doable roaonanoe
P*PP**1*P@" of thla type. The tno coupling ooaatanta to be conpared oust
arise fro« two different nnclal "A* aad"X" (or gimvs of equivalent

nuclei) coupled to the sane nucleua X" (or groupe of equivalent

naolal). To coapare the signs of the ooupllng conataats *h((A-N) and
A(N-X). Irradiation la applied at the frequency of a line In tha A
apectru« doe to oonpllng to X and N. Slaultaaeously the X apeotrun la
obaervad. Lines 1In ths X spectra« dueto coupling toN and A will be
perturbed. If a line containing the high (low) field cowponent of tha

A-M coupling la Irradiated, and the oonpllag conatants are the eawo
algn, lines In the Xspectra« containing tha high (low) field oonpenents

of the «-X coaplingwill be perturbed. IT the algna of the coupling
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ooutaiita ara oppoalta, tban Irradiatine a hlgb fragiianoy conponant of
tha A apactrim nlll partorb a lo« fragnancy coapoaant In tha X apaetma,
and vloa-varaa.

Iha abova dlacuaalon praaoppoaaa a pravloua knowladca of tba lina
poaltlona of tho tranaltlona to ba Irradlatad. Tbla la manarally
obtalnad by dlract obaarvatlon of tba apaetma of tba nnclona to bo
Irradlatod, bat aa aantlonad aarllar nultlpla raaonanoo axporlnanta oan
alao bo naod to «totomlno tha ebaaical ablfta and coapllng eonatanta
(l.a. tba lina poaltlona) of otbar nuotai. Tba nultlpla raaonanca
oaparlaant la parforaad In tba anno aannar aa for relativa alga
Ax*MxxxXXQ“ > «Acapt tbat alnca thba raqulrad lina poaltlona ara not
knonn In advanca. a nunbor of axporlaanto auat bo parforMd, awooplnc
tha Irradiatine flald In atopa aeroaa tbha raglan oontalnlng tha
Intoraating tranaltlona, untll a portnrbatlon ooenra la tba obaarvad
apoetmn.

Tba laltlal anaap la oarrlad out «ltb rolatlvoly blgh powor
Irradlatlon, to oovar a largo frognoncy rogloa In oaob atop. Tho
poaltlon of oaeb traaaltlon la tban dotomlnod noro aeourataly by
roduelag tba Irradiatine P«i«r and bonlng In on tba traaaltlon. In tbla
eay not only la tba lino poaltlon dotomlnod, but aay algn-datamlnlng
nultlpla raaonanoo oxporlaont nhlob ontalla Irradlatlon of tbat
~n*B*ltlon la alao porfomad In thba proeoaa.

Por nuelol oltb lo« nagnotogyrlc ratloa (l.a. Inaanaltlva onaa) tha
datamlaatlon of ebanleal ablfta and oonplIng eonatanta by nultlpla
roaonanea axparlnanta oan ba aaalar, and oftan qalokar tban dlract
obaarvatlon of tba apootrun. for asanpla, tba rbodlnn cbonical ablfta
In tbla tbaala «ora dataralnad In tbla «ay. »o«avar, «barn tba apootrun

eonaiata of a largo nunbor of linea tba datamlnatlon of oaeb lina
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PMItIOB by MItlpl« rcwiiMiM bMOMt twlloiM and dlraot obsarvatlon U
prafarabia.

Ib tba paat, tba aajorlty of worfc of tbla typa baa Involvad *M-(X>
or X-(*i> aaparlIMBta. and an laportaat aapaet of tbla thaala baa bMn
tba axtanalon of tbla approaob to faaarallaad X-(y> aaparlnaata (X, Y -

**x8a_ *»*pt, ate.). Ib noat oaaaa thaaa azparlaaiita Maro
ooDduetad uadar ooodltlona of oonplata protoa daeoopliac, nnd a ranga of

Inatrunantal problana had to ba aolaad for tbalr aaocaaafnl

laplanantatloB.
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CHAPTM 3
»»-Pa06PHIW TTM (1V) TBTKAHALIM8
31 IntroductlIM

Tb«r* (MS bara coMldarabla Intaraat In tranaltlon Mtal-pboaphliw
oo™>la.ra and «P MILi». b« provad to ba ra axtiraaly naaful tool 1.
thalr atudy. Tbla baa produoad a oonaldarabla body of data on
*IJ(M**P)** and *JC*PM**P)~* (- tranaltlon natal). Ui-pboapblna
REPIFNFHXZ tatraballdaa allora thaaa eouplInc conatanta and
otbar apactroaooplc data to ba conparad to analogona main croup ratal
conploxaa. In ordor to aaeartaln If oatabllabod tronda ora ba axtandad
iron tranaltlon ratal-"oapblna to rain group ratal-pboapblna conplaxoa.

Alao pravloua atudlaa on *J(*“ *8n**P) bava ralnly cantrad on
oonpounda of tha typo (*38n),,«3 ~px (n - 1-8; R - alkyl, aryl group; X -
alaotron lona-palr, tranaltloa aatal)”, «bara tbha tin la In a
tatrabadral aavlroorant and la fornaily j®« hybridliad. Boravor In
[(PR,),8nX4] (R - alkyl, aryl group; X - hallda) typo conplaxoa, tbo tin
la In an octahadral anvlronnrat and will bava a dlffarant bybridliatlon
atata. Tbla nay laad to a algnlfloant dlfforanea In tba natura of tba
tla-pboapborua bond, whlob will ba raflaotad In tba aagnltudo and algn
of *J(*"*8n**P) and *J(*"P8n**P).

In tbla ebaptar a nunbar of nultlpla raaonanca axparlranta to
falalaiaialod Vil enfnltudaa and algna of varloua coupling oonatanta In bla-
pboaphlra tin (1V) totraballda coaplaxaa. Including ~J(***8n**P) and

J(**P8n**P), aro daacrlbad. Bacb axparlaant praaonta dlffarant
problona, which ara ovarcoaa la a varlaty of raya.
3-3 gp88lbla Multipla Raa«n«n” ggnarlranta

Nban aultlplo raaonanco axparlranta ara uaad to dotornlna tbha

rolatlva algna of apln-apln coupling conatanta, thraa dlffarant aplna or
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group« of oqulvauUnt «pin« me* oonoldorod. Mmp« a larga niMbar of
dlfforant typaa of «pina ara Involvad In tha aolacul« ondar
Invaatlgatlon, tbay can ba groupad Into aata of thraa In a nuabar of
diffarant mya. Tharafora tbara ara a nuabar of poaalbla coablnatlona
of aultlpla raaonanoa anparlaanta by akleb tha algna of tha varloua
apln-apln coupling conatanta ean ba autually ralatad.

In tba prenant cana, for tba aultlpla raaonanoa aaparlaonta the
coapound Bla(trlatbylplioapbln«) tin (1V) tatraehlorlda Maa choaan, dua
to Ita good aolublllity In dlchloroaotbano. Ita atablllty In aolutlon,
and tha ralatlvaly «lapin alkyl group attaobad to pboapborua.

Tha objaot of than« axporlaonta la to placa tha algna of tbha
coupling coaatanta on an abaolnta teal« by ralatlng tbaa to a coupling
of knoaa alga. In tha can« of thin coapound tha algna of and
*J(**P-*H)* can ba taken aa poaltlva.

A nuabar of approach«« to tba aultlpla raaonanca aaparlaanta can bn
conaldarad.

1) **c-(***8n) oxparlaanta on a proton-daconplad thraa-apln ayatan
(*eC, *n*gn) (aaa Fl6. 3.1) aould allow tha algna of J(*"P-***gn)
and J(**C-**P) to ba ralatad.

Flo. 3.1 Poaalbla Thraa 8spln 8yataaa (**C, **P, ~**g8n>
a) 8nCl4 QpiCHj-aij)”
b) Q*5C-BjC)2 (BjC-Hj**C)**pj] 119 gaci™ QICHj-Ch, )"

Than oonaldorlng a «pin ayataa (**c. **P. *H. aoa FIO. 3.11) the
algna of J(**c-**P) could than ba ralatad to J(™*c-*H) by **P-("g)

axparlnanta or to J(*g-**P) by »*C-{*1) anparlaanta.



no. 3.1l Pos«lbl* Thr— Spin Sy»t—t ("™C,
*) [T*,C-H3C), (H3C-*B,*»C)«*" $««3 [PiCHj-CH,)"]

b)  [ThsCRjO jCHGCHjI7;) A~ SICI4 [PiCHa-ci,)?
e)  Q"sC-B,C)2(Hj *C-*HjC)**" 8uCl4

<) Q»8C™a®>2<*"s' *C-B,C)*"p] 8BCl4 [PICH]j-CBj)*

Thl« approBoh nu rajutad for a nuabor of raatona. *™8a la of
8.8» utural abunduco and **C la of 1.11» utural abwiduooi thoroforo
In order to porfora tho roqulrod anporlunta, llua fru a 0.0M»
abudut apocloa (**P la 100» abondut) nood to bo dotaotod. Dm to tho
loa abuiidaaco of **C, the llnoa la tha apootru aro aluat ontlroly
dm to Mlunloo contalnlac ou **C anclou por ulooalo. Tho prooonoo
of ou Bueloaa at a urtlealar alto aakoa tho tw naelol In tho
aoloenlo aagnatleally Inoqulvalont (au PIO. 3.111) and tboroforo
Introdnuo aound ardor offuta Into tbo auetrw. mia aakoo
dotaetlon of iluo du to MupHnf botaun ***8n and virtully

Inpoaalblo ovan If auh a lu abundut apula» could U datutad uyup.



no. 3.1 Wmwtlc squlviwc* of  nucld remved by precenoc

of C
cl
a
(CH3CB2>2(CaBsCbH, )’ *Pjr-"6n-—-—-——- Py <4 2MRF*3) S
C* oxporloncoo . *J(»*Pg-*»Cp )«nd < .«1 C,.xp-rl.nco. <
FETAIIIACE FHRBA m TG x*@BAT  thorofopo **c at altbar or C, aakaa

K1l
Pp and Pp aafiiatlcally Inagnlvalaat.

2 *&@{H) epariBta on a thraa gpin ayatea (4, 4y)
(tza P10.3.N) Muld ralata tha afila of JCP€8+P) ad JC*P-H)
ar avthar. Thla bea tha advartagp that tha ra™rod geeclaa la eoro
aundant then tha tpeclaa raquirad udar gotiion (D), thom In

PIO. 3. 1L

PIO 3.1V Poaalbla thraa pln ayatama (&, @, *B)

I1,C - HO «P], 1«8nC14 1 (H,C-V) 7 RIZ* *»«d

Honavar tbara ara tno typaa of protona In tba nolaoula ao that
couplIng batMaan tban laada to a oonplax aaoond ordar apaetmn, and tba
proton apaotrun dua to protona oouplad to **®8n, aa nall aa **P, la

obaourad banaatb tba fiora Intanaa aaoond ordar apactrun dua to aolaeulat
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MIthout **®8n.

3). ThM a aora clrealtoua roota la aaadad la ordor to ralato tho algna
of tha varlooa apla-apln ooupllag eoaataata to ona aaothar. Aa
aantlonad la (1), oiiaa a aolaeolo eoatalaa oao auelana, tha tao

auolal bacoao aagaotlcally laoqulvaloat. Thara ara tao dlffaraat typaa

of oarboa atoa la tha aolaeola aa aboaa la FI*. 3.11l. Tha protoa-
daeouplad apactrua of aaeh carboa foraa tha X part of aa AA"X apla
ayataa ahora X - or aad A,A" = py porforalag - (®@*P)

axparlaoata on thaaa AA"X apio ayatoaa tha algaa of tha (**P-**P) aad
(91p.13(.) oouplloga caa ha ralatad. Tha algaa of tho (@"p-*@c)
couplloga eaa thao ha ralatad to tha algaa of or J(*I-**P) aa
lo (). Tha aaat probloa la to dotaraloa tha alga of *J(**P-***go)
ralatlvo to that of oao of tha abova ooupllag eoaataata. lo fact a
ohoBlcal aolutloa to thla probloa «aa adoptad by to aaklag a gla-
phoaphlaa tlo (1V) totrahallda «lth tao dlffaraat tartlary phoaphlaaa
eo-ordloatad to tha tlo. Tha protoo-dacouplad *~P apaotrua of thla
ooapouad la thao aa AB apactrua wlth ***»0 aad aatollltoa.
Tharaforo tha algaa of tha (**®8a-**P) coupllag eoaataata cao ba ralatad
to tha alga of ®j(»»P-»Ip) by ®@*P-{* ®8a) aaparlaaata oa thla coapouad.
® ® agWtril AMTWH And iPtararatatloa Of Hultlala Baannaaca

iKDarlaaat«

la dataralalog tha ralatlva algaa of tha apla-apla eoupllog
eoaataata, aultlpla raaonaooa axparlaoata «ara earrlod out oo thraa
dlffaraat typaa of apla ayataaa. Tha oxparlaaata oa aaeh typo of apla
ayatoa «111 ba cooaldarad lo turo.

3.4 ABX 8plo 8yataa (A. B 92p,X - ~*@Bal

By raaotlog tha appropriata gnaotlty of 8oCI™ «ith aa agulaolar
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mtxtura of Pit, and p83“j la CHjClj. < aisturo of thro# dlIffaront
Ul-phoaphlna tin (1V) tatracblorldaa ma prodnead In aolutlon; (PBt3)2
SBCI4 . (PSu"3)28nCl4 and (PIt3)(PBu°3)SnCl4. Tha nultlpla raaonanca
axparlaonta mro earrlad out on tha laat apaoloa. Tha proton-dacouplad

(PI0. S.V) and »»Sa (P10. 3.VI) apactra of a "esa-contalnln»
aolaoula ara daacrlbad by an APX apln ayataa altb A. B . »p .nd X =
1198n. Tha analyala of an A« apla ayatan, nltb raapaet to rolatlva
algn datamlninc aultlpla roaonanoa axparlaanta, «lvan In tba pravloua
obaptar can ba naad Nban Intarpratln« tba axparlmnta carrlad out on
tbla apln ayataa. Tha aim of *J(* »8n-»»P) mt coaparad wltb tha aim
of *J(**p-»Ip) by **P-(***8n) anparlaanta aa abom In PIO. 3.VII. By
axaalnlng tba aoargy lavai dlacraa for tba ABX apla ayatan. It can ba
aaan that wban an X (* *8n) tranaltloa la Irradlatad. tuo A (»*P) and
tao 8 (»»P) tranaltlona alll ba parturbad. Alao tba Information
conoaralac tha ralatlva algnn of tao couplInf oonatanta, X-A and A-B, la
obtalnod from ableb B tranaltlona ara affaotad. Irradiation of lina 1
(P10. 3.VD) of tba ***8n apactrun parturba llnaa 2, 4. 8, 8 (PIO.
8.VIl) In tba **P apactrun and Irradiation of lino 3 (P10. 3.VI) in
tha "ftBn apaotruB partnrba Ilnaa 1, 3. 8. 7 (P10. 3.Vii) In tba **P
apaotma of botb thba trlatbyl- and trl-n-botyl-phoapblna parta of tba
apaotrua. Thbarafora botb ~K(* »8n-»*P37") *** *K(* *8n-«P3”~) ara of
oppoalta alm to e«("Pfc.-"Pjt) (*I(* »8n-«P,”,)) and 1j(*“ »8n-«P,j)
bava tha aaaa alm mm *J(**P-*P)J.

*e* AA"X 8pln 8yatam (A, A" - **p, x - ~C)

Tha tao dIffarant typaa of earbon In tba aolaeula botb (lvo **C
apaotra ablcb ara tba X parta of AA"X apln ayatana. Altboufb botb

eTH**g* ba daacrlbad ualn( tbha aaaM anarty lavai dlatran, tbha
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nC.a.Vl “ ”Sn Saacti | 2 s0a4iP&34iiB5) " In~

c) Saa™(PBt3)(PB™)

1) laparlty
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FIC.3.TJT of n,, of

Sm nc.3.? for UkolUiit of limo

) IrrwUatioa at liae 2 (Saa nC.S.TI)
b) Irradiatioa at \®Sa llaa 1 (Saa nC.S.H)
c) Irradlatioa at *” Sn llaa 3 (Saa ne.3.Tl)
d) M> M*Sa irradiatioa
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Mffnltudaa (and poaalbly tba algna) of tba coupllnc oonatanta Involvad
In aaeh caaa »111 ba dlffarant. Tlw aaeaptlon la tba oaupllag J(aA”)
[3j(91p-31p)] vy,, iBtaractlon batMaaa tba t»o pboaphorua nnclal In tba
aolacula.

For an AA*X apln apata» It la eoavanlaiit to daflna tba paraaatara

N.L and J (aquatloB 3.1-3.3).

* " AAX* Ja
B ax - Ja X (»e»)
m Jaa" (3.3)

la tba »ultlpla raaacaiioa asparlaanta parforaad on tbla typa of
apln ayatM, It la tba ralatlva algna of X and J Nbicb ara datamlnad.
Tba AA®X apln apata» la a apaolal oaaa of tba ABX apln apata» and can ba
analpaad In aaaantlallp tba aa»a wmj, axoapt It baa tba alapllfieatlon
that Vj (W) - \33 (1 Ib tbla oaaa botb pboapborna nnclal bava tba
aa»a obanloal ablft). Tha X part of aa AA"X apaotrn» conalata of alx
Ilnaa, t»o of iriilcb (tha K llnaa) ara of ogiial Intaaaltp. ara aaparatad
bp X. bava a eoablnad Intanaltp agual to balf tba total Intanaltp of tba
X apaotrn» and ara ap»»atrloallp placad about \ Poaltlonad oantrallp
batnaan tba t»o llnaa ara t»o (taxanarata tranaltlona. Tba ranalnlng t»o
Ilnaa ara placad apnnatrloallp abont tba oantral daganarata palr of
Ilnaa and »ap ooonr altbar Inalda or ontalda (or nndarnaath) tba X
Ilnaa. Tbalr aaparatlon la glvan bp 8 aa In agnatlon (3.4).

e “ (L* ¢ 439N (3.49)

F10. 3.VIIl abona tba *3g ,p,ctm» of (Bt"), 80014. »atbplan»
Ilnaa ara a tpploal axanpla of tba X part of aa AA"X apaotrn» In nblob
all flva llnaa ara raaolvad. For tba natbpl carbén onlp tbraa llnaa ara
aaan, tba ontar 8 llnaa balng too »aak to ba dataotad.

Tha AA" part of an AA"X apaotrn» conalata of t»o ldontloal (or



nc.a.mi

i) lapwitj
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M ) «nb”ptetp«, Mhlch ar* arrangad ayMatrloally about point aa

ahom achaaatloallp In no. S.IX.

kR

N O — L

Black llnaa rapraaant A tranaltloaa.
Rad Ilnaa rapraaont A" tranaltloaa.

Tha flrat atop In analyalng thla part of tba apoetraa la to pick
out thaaa two quartata. Tha apaclnga In tha quartata ara glvan by J and
R. Aa can bo aaoa froa tha Hat of traaaltlon onarglaa In FI0. 3.x, tha
two other varlablaa, D+ and D-. alao datamlna tba poaltlon of tho Ilnaa

In tba AA" apaotriM. Thbaaa ara daflnad In aquation (3.0)

Di -k ((V*-vVvr. ¢k (N - (3-5)
Slnoa In tha AA®"X apactrua - V> ih la equal to D-, and tba
aaparatlon between tha two gnartata la glvan by 30 aa narked In F16.

S. IX. Aa tba relative nagnltndaa of tba three varlablaa J, N and 0 ara
altered, tba appearance and ordarlng of tba llnaa In tba apactriai nay
ebanga. Bowavar by oroaa checking with tba X apaotrua It abould be
poaalbla to corroctly aaalgn R, J and D.

I*=* ** the low natural abundanca of tha AA" parta of tbo
apootrun. In tha praaant oaaa, oocur aa weak aatalllta paaka of tba naln

**F raaonanea, and attanpta to ldentify tbha n* aubapactra frea tha



epaotruB war* unauccMafal. Mowavar In tha oouraa of
anltlpla raaonaaea tloklIng axparlaanta tha poaltlona of thaaa
aatallltaa aara dataraload.

Aa atatad pravloaaly, tha appaaraaoa of aay apactrua la Invariant
upon tha ravaraal of ail tha algna of tha ooupllnc oonataata Involvad.
In tha oaaa of aa AA’X apaetrwa, It la alao tma that tha appaaranea la
Invariant upon tha ravaraal of tha algna of H and J (l.o. tha apaotrnn
wlll hava tha aana appaaranea alth anp of tha followlng conblnatlona of
algna for H and N(-vo)/J(«va), g(-
va)/J(-va). Tha doubla raaonanoa axparlnanta can ha daaorlbad wlth tha
ald of tha AA"X anargy laval dlagran. Thara ara four poaalbla nunbarlng
aehanaa for tha dlagran, dapandlng on tha algna of N and J. lonavar It
la only poaalbla to datamlna tha ralatlva algna of g and J by doubla
raaonanoa axparlnanta. Tharafora only tno caaaa naad bo eoaaldarad a)
i*Yara M and J hava tha aana algn. and b) abara N and J hava oppoalta
algna. PI0. 3.X daplota tha anargy laval dlagran la tha oaaa that both
X and J ara poaltlva and P10.S.xi X poaltlva and J aagatlva. Pron thaaa
anargy laval diagrama, It can ba aaan that nban Ilnaa In tha AA"
apaotrun ara Irradlatad tha parturbatlona eauaad la tha X apaotrun «111
dapand on tha ralatlva algna of K and J. Tha aohanatlc apaotra glvan
abova aaeh anargy laval dlagran ralataa to tha oaaa «hara X la tha
nathylana earbon and ail llnaa In tha X apaotrun eau ba raaolvad. Thara
ara t«o poaalbla approprlata ("*C-(**P>) axparlnanta that oan ba
parfomad on thla ayatan; althar 1) tha outar llnaa of tha AA™ apaotrun
(llnaa 1, 8, 7, S) éan ba Irradlatad, tha raaulta of «mob ara aho«n by
tha «ay tba X Ilnaa In tha X apaotrun ara partnrbad; or 8) tha Innar

Ilnaa of tha AA" apaotrun (llnaa 8, 4, 8, 6) oan ba Irradlatad, tha



r««ult« of Hhloh ara ahoim by tha my tha S llnaa In tha X apactriM ara
parturbad.

1) If lina 1 In tha apactrua la Irradlatad and N and J ara of liba
algn (no- 3.X appllaa), than anarfy lavala 8 and 6 ara Involvad. Thla
»111 raanlt la tha lo» fragnaney N lina (lina b) and Ilnaa o or d baine
parturbad. BoMavar If X and J ara of oppoalta algn (PI0. S.xi appllaa)
than anargy lavala 8 and 8 ara affaetad. Thla »111 raanlt In tha high
fragnaney N lina (lina a) and llnaa o or d, balng parturbad. Ona of tha
t»o daganarata X tranaltlona (llnaa c and d) la parturbad, no nattar
»hat tba ralatlva algna of N and J, alnca aaargy lavai 8 la affaetad la
tha flrat eaaa and anargy lavai 8 In tha aaeoad caaa. 8y axanlnlng tha
t»0 aaargy lavai dlagraM It eaa ha aaaa that Irradlatlon of althar lo»
fragnaney ontar Aa " llnaa »111 parturb tha aaM N lina (tha aMa halng
trna of tha high fragnaney Ilnaa). Xow»avar ona lina »111 ha
ragraaalvaly aaaoelatad to tha X lina (a.g.- lina 8 and lina b In PIO.
8.X and Una 1 and Una 3 in PI0O. 3.XI) and tha othar prograaalvaly
aaaoelatad (a.g. lina 1 and lina b la PI0. 3.X and lina 8 and lina a In
P10. 3.XI). At lo» po»ar Irradlatlon lavala thla »111 laad to thara
halng dlffarant partnrhatloa affaota oa tha M lina, aa daaorlbad la tha
pravlona ohaptar, dapanding on »hloh of tha t»o A or A" llnaa Ila
Irradlatad. Thla eaa ba aaan In PI0. 3.XIl »hlch aho»a tha raanlta of
thaaa anparlaaata. Irradlatlon of Ilnaa 1 and 8 partnrbad lina a, and
Irradlatlon of Ilnaa T and 8 partnrhad lina b. Tharafora X and J ara of
oppoalta algn. Alao It oan ba >)aan that Irradlatlon of Ilnaa 8 and 8
eauaa only apparant lina hroadanlng In tha partnrbad Ilnaa. Thla la
baoanaa tha Irradlatad and partnrhad tranaltlona ara prograaalvaly
aaaoelatad and lina aplltting la aeeeapanlad by an Ineraaaa In Intanalty

dna to apln popnlatloa tranafor and lina broadanlng.
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P10. 3.x

N>0
J>0
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P10. 3.XI

11>0
J<0
»=-
K- B
VAR | W IH
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.b) 3627297SBE

'<4) 36272963b

*) K ntaOUTK»

a) Indlatioa at 3p liaa 2 (Saa F16.3.11)

b) liradiatioa at liaa 8 (Saa PIC.3.n) IImadaiitin
c) Irradlatloa at P ljaa 1 (Saa nC.3.n*

4) liradlatiaa at P liaa 7 (Saa nC.S.XI) SpUttlag
a) K) P Im4latioa



2) Th* innar Una* of tha AA" apaetrua bava tha quartata

ovarlapplng ciotaly. Llnaa 3 and 4, and llnaa 5 and 6 ara only
aaparatad by at noat a fa« Harti. It la not poaalbla to irradiata one
line without affactlnc the adjacent line In either pair. In fact tha

naxlnua perturbation of tho X apactrua la achieved whan Irradiating at
tha average frequency of cither pair of llnaa. Proa the anargy lavai
dlagraaa In P10. 3.X and 3.XI It can ba aaan that all four llnaa; 3, 4,
S and 6 ahara energy lavala with tha N Ilnaa b and a. Howevar. no
atataaant about tha relativa algna of N and J can ba aada froa tha way
thaae linea ara perturbed. Since Illnaa 3 and 4 are Irradiated
alaultanaoualy, anargy lavala 8 and 2 ara affected, no natter what tha
relative algna of g and J, and tho aano population tranafar effacta
(l.a. Inoreaaa In Intanalty of line a and dacraaaa of Intanalty of lina
b) ara aaan. Nhon linea 8 and 6 arc Irradiated tha oppoalte affacta
occur to llnaa b and a to thoaa obtained by Irradiating llnaa 3 and 4.
Alao, whan llnaa 3 and 4 are Irradiated eltbor anargy level 8 or level 8

-fl4otad, depending on tho relative algna of N and J. Thla will
cauae one of tha 8 llnaa to ba perturbed, and froa thla tha required
raault can ba doducad. Thia la ahown In P10. 3.XIll, which agraaa with
the reault froa aatbod 1) which la that g and J have oppoalta algna,
whore X la tba nethylana carbon.

In tha caaa of tba aathyl carbon tha 8 llnaa cannot ba reaolvad In
tha X apactrun. Thla allnlnataa tho poaalblllty of ualng aathod 2) to
coapara tba algna of g and J for thla apln ayataa. Alao alnca g la only
6.2 Ha (naaaurad froa **c apactrna) tho aaparatlon batwoan each pair of
outer llnaa la only 3.1 Ha ("/2) and tha naxlaua perturbation affect

**e e®6lavad whan Irradiation la applied at tha average frequency of

tha two llnaa. Tha anargy level dlagraaa la P10. 3.X and 3.XI ahow that
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both lowtr froquoney outor llnoo (11 1::i :] In tbo !} opoetrua art
ataoelatod with tbo 1«1 R 11 In tbo X opoctran, and ao Irradiation of
both 11 1 1 and 2 alaoltanooualy will porturb only y +  lino. Thla la

line b. aa abom In FI0. 3.X1V, and tbarafora | and | aro of Ilka algn,
wbora X la tbo Mtbyl carbon. Thla la tbo oppoalta roault to that
obtalnad for tha MthyloM carbon. Thorofora HCCHg) la of oppoalto

algn, and M(CHj) la tbo aoM algn, aa
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FIG.3.11T Cc— rl»wi OF ih» Sism OF .i

m) Inaaittioli
K) ImdlatIM at Uaas 7,8 08272M9b) (Saa P16.3.X)
c) Irradlatloa at liaaa 1,2 (36272B76fc)(Saa Pie.3.X)
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3.6 AA"N3TI"3Na*V . *7 - M. M*. M. m” « *m( X

JB,C)

Tb* pravloiM «xpcriMnt« yl*ld«6 th* ralatlv* «lgaa of tbo eonpllnc
conotoata *J(**P-**f). *J(H*8n-**P). *J(**P-1*C«3) and *JI(*Ip-13cXj)
[oonblnad In tbo foro of tho varlabla ] «ad ~J(P-*ACII3) and
~J(SIp-13]a]™) (conblnad In tbo fora of tbo varlablo !e--). Tho noxt
atop la to placo tba algna of tbo abova eonpllng oonatanta on an
abaolnta baala. Tbla rognlroa tbat tbo alfn of ono of tbaao eonpllinc
oonatanta ba ooaparad altb tba algn of a eonpllnc oonatant for ablob tbo
abaolnta alcn la knom.

It baa boon abown tbat In orcanopboapborna ooivonndt, for tbha
noloonlar fracnant P-C-C-H, tba eonpllnc *J(**P-*i) la poaltlaa*
Irraapoetlaa of tba pboapboma oxidation atato proaldad tbaro ara not
aarloua otarie dlatortlona. Thbo alca of C ~ eaa ba ooivarad to tbat of
3j(31p_13) (In tba axparlnanta daaorlbad In tbla oaetloo. tba alca of
“ex, e«*eell» ceiWM»6 to (*J(*Ip-Ic) ¢ ®I(*Ip-1c)J, bowavar *J(**P-
*H) nay ba oonaldarad te ba naclliclbla) by parfonalnc aalaetlva proton
daeonpllInc axparlnanta on tba protoa-oonplod *®C apaetma of tba natbyl
carbon. Irradiatine tba appropriata part of tba natbyl proton nnltlplat
will oauaa tba aalaetlva daeonpllnc ot parta of tba natbyl earbon
nnltlplat. DapandInc on tba ralatlva alena of tba oonplInca baine
eonparad tba daeouplad Ilnaa will ba tba contrai lina (lina C, d In
P1I0. 3.X) and ona of tba R Ilnaa (lina b or a In PIO. 3.X).

Tbla propoaad aalaetlva daeonpllnc axparlnont Involvoa a vary
eonplox apln ayaton. nblob la daflnod aa AA"N"31"X3"N3X whara A.A" >
®P, N"_N - natbyl protona, X".R e natbylona protmM and X - *@C.
Tborafora tbaro la aona dIfflonlty In locatine tba appropriato

tranaltlona In tba proton apaetmn to Irradiata. An altamatlva notbod
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of Obtalnlnc tb* Inforaatlon 1« to perfora « tMo-dIMMIOMI brood-
baiid «loconplod oarbea/proton eorrolatloa oj”orlaont® oa tbo aoloeolo.
Tblo eorrolotoo tho eboolool sblfto of dlroetly bouad oarboao aad
protono. la tblo eaao tbo doolrod oorrolatloa lo botMoon tho aotbyl
proton and aotbyl oarboa obaaloal ablfta. Tbho aoxt aootloa thoroforo
Klvoa a goaoral doaorlptloa of tao-dlaonaloaal M.N.R. aad protoa/earboa
oboaleal ablft eorrolatloa la partlealar.

»1 T»o-Dlaonaloiial W.I1l.t.»

In Boraal oae-dlaonalonal Foorlar traaafora apoetroooopy. a tlao-
doaala algaal (tbo Froo ladnotloa Dooay), oxoltod by a abort radio
frognoney pulao. la eoavortod by Fonrlor traaaforaatloa lato a
frogaoBoy-doaala algaal (tbo apootrna). Oaly oaa tlao variable
(traneforalag to ono freqooaoy variable) la lavolved.

la tao-dlaeaaloBal M.N.R. tae tlao varlablea (traaaforalag to tao
frognoaoy varlablee) are lavolved. «m flrat tlao variable {t*) relatea
to tbo ovolutloB porlod, laaodlatoly prier te tbe perlod durlag ahleb

ladaotloa Oeocay la detectad aa a fmotloa of tbo aeooad tlao
variable (tj). If a aerloa of eaporlaocata are perforaed wltb regalar
iBoreaeata of tj, tbe M_.N.R. algaal oaa ba repreeeatod by a aatrla 8(t],
tj). TMo Fonrlor traaaforaatloaa are perforaed. flrat wltb raapeet to
tj aad tbOB wltb reapoot to tj, to ylold a apeetma wbleb la a fuactloa
of tao ortbegoaal frogaeaoy dlaaaaloaa S(Fj,F,)- Tbo apootrua caa ba
thoaght of aa a aorfaee 1la tbroa-dlacaaloaal apae. wltbh oerUla
vortleal aeotloaa tbroagb tbe aarfaoe oorreapoadlng to tbe ooavntloaal
eoaeept of a oae-dlaeaaloaal apeotraa. A two-dlaonaloaal oxporlaaat
rolatoa tbo bebavloar of tbhe mclaar aplaa darlag t], to tbolr babavlour
durlag t2- Baeb apaotral eoapoaeat proooaaea at Ita obaraotorlatlo

froqueaoy durlag t], paaalng oa laforaatloa (uoually la tbe fora of
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piMa« or aaplltnda) to tba appropriata apaetral ooapoaaiit dorine tha
dataotlon parled. Tka ojvarlnont oorralatoa Inforaatlon abont tha
avolutloa parlod, «ban tha raoalvar la Inaotlva, with Inforaatlon about
tha dataotlon parlod, whan tha R.N.R. raaponaa la aoqulrad. By
arranclnc for dlffarant aaparlwantal oondltlona to provali dorine tj and
tj, It la pooalbla to aaparata dlffaront R.N.R. paroMtara, for anawplo
chanloal ahlfta and apln ooopllnea eonatanta. Into tho two fraguaney
doMIna Fj and P2. Thara ara throa naln oataeorlaa of two-dlwonalonal
axparlwanta:

a) Shift Corralatlon Spactroacopy; in which tha ohaalcal ahlfta of
oooplad noolal, anohanelne noolal or noolol whloh bava a eroaa-
ralaxatlon IntoraotIM, ara oorralatad.

h) J-apaetroaoopy; In whloh tha obawloal ahlfta of dlfforant nuelal
and tha aoalar eoopllne wa aaparatad and than eorralatad.

0) Multipla Quantow Spaotroaoopy, whloh faollltataa tha dataotlon of
noltlpla gnantnw tranaltlona.

Tha two-dInanalonal anparlwont parfonaad on (PIt3)2SnCl4 waa of tha
ahlft oorralatlon typo, whara tho oorralatod noolal wara apln-oouplod
and chonloal ahifta wara oorralatad (alnoa oot“llne to a third
nuolooa waa praaant).

9 h Proto- crh- ow «a! a|nft Corralatlon

oorralatlon R.N.R. axparlnanta ahow a ralatlonahlp
batwaow two dIffarant raaoaanoaa, tho obawloal ahlft of aaob typo of

raaonanoa la dlaplayad alone om of tha two fraquanoy ana. If la a

two-dlwaaalowal apaotrow, a oroaa-paak ooonra at (<*, <B), thla aaana

that tba aoolal A and B bara a aotoal Intaraotlon. Roolaoa A and R oaa
ha altbar of tho aan (haaonoolaar) or dlffarant (bataronuoloar ahlft

oorralatlow) apaolaa. Dopandlne on tha typo of axporlaant, dlffarant
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typas of Intorootlott eon bo thotm. Thoao Inoludo boaocauoloor ooolar
eonplInc, botoroaucloop aoalar oonpllng, oroso-roloxatlon wd ebaalooi
oxobongo.

Tho protoii-corbofl chaalcol ohlft oorrolotloa oxporlBoat rolatoa tho
cboaloal oblfta of dlrootly bouad oarboa atoas aad protoaa, via tho
hotoroBocloar ooalar (ocoaally oao-boad) eonpllag.

Coaoldor a **C aaeloua dlrootly boaad to a protoa. Tho aad
opoetra will oacb eocaalat of two llaoa aoparatod by Pio.
3.XV a) (lvoo tbo approprlato oaorgy lovol dlagroa at loltiaaaa
oguinbrliM.  Tbo doTlatloa froa tbo aoaa popalatloa glvoa for oaeb
lovol roflooto tho foot that *g algaala aro laboroatly foor tlaca aa
SXINKIK Ko olgaalo, daa to tho rolatlvo aagaotogyrle ratloa.
fHi ?tlY IniffT filMll maoroao for a nrotoa eoualod to a earboa

maeloaa

) b) oli

If a 130* pBlao la ooloetlvoly appllod to oaly oao of tho protoe
AMEFINKQH* > popalatioa will bo lavortod aoroaa tba traaaltloa aa
aboaa la FIG. s.XV b), ablob glvoa tho aaa dovlatloaa froa tho aocaa
popalatloa for oaeb ooargy lovol. Slaeo tbo **C traaaltloaa obaro
oaargy lavéla altb tho pretoa traaoltloaa, tbo latoaoltloa of tbo **C
FAQE*RAX wk gffootad. Oao traaaltloa aboaa aa lacroaao la latoaalty
of flvo tlaoa aad tbo otbor of tbroo tlaco aad la lavortod. Tho

algaala aro foor tlaoa aa atroag aa tba oqulllbrloa algaala.
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Il tb* tNo-dIMiisloiial axparliMot eelaetlvlity of popoUtlon
liivaroloB la aeblavad by axcltlnp tba proton tranaltlona wltb too oo*
Q) eepai®atad by tj. Ilm axtant of nuelaar prooaaalon dnrlnp tj la
glvan by aquation (3.0).

9 e aw («*MilU)t,. (3.6)

eHian 9 = anw tba two 90F pnlaoa bobnva Ilka a alaglo 18+ pulaa
and Invart tba apln populatlona. Nbon O - (an“l)w tba two 90» pulaaa
oaneal aaob otbar out Jloadlnc to unobangod loltaaaan aqulllbrliH
populatlona. For lataraodlato aaglaa 9. populatloa lavaraloa la
iBooaplata. Thla glvoa a ooalao aodulatloa of tha apla popnlatloaa aa a
fnaetlon of tj. Slnoo tbho traaaltloaa abaro onargy lovola wltb tba
proton traaaltloaa, tbho latanaltloa of tbha algnala ara alao
modulatad aooordlag to aquatloa (3.6) if a road pulao la appllad
laMdlataly aftor tba too PO* proton pulaoa.

Tho pulao aaquaaoa actually uaad la glvaa la FI0. 3.XVI.

dl ilocal Pourlar traaafom of tba axporlnaat will yield four llaaa
bocauaa eonpling botMooa thbo anelol appoara la both tbe aad *1
dlaanaloaa. For obaaleal ablft eorrolatlea. tbla aultlplot atrooturo la
uaaoooaaary and la roaovod froa both ebaaleal ablft dlaanalona laawlag
tho protoaa and anelol affactlwoly doeouplad.

Tbla la aoblovod during tj by a 190*-pulao appllad to half any
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through t], uhlch ounaoa tho two dluorglag Mgiiotliutloii vootoro to
rofocua at tha and of tJ. During tj, nolao dacoopllag la uaod. To
provont tha autual eaaoallatlon of tho two antl-phaao algnala ahon thoao
doublota eollapaa. tho two dolapa dj and A, aro latroduood. Tho
valuoa A] - and dj« % dj allow 1i0* rolatlvo proooaaloa of thoao
vootoro hoforo thoy aro oowhlnod. Aloo alaoo J la tho ono bond
oouplIng. algaala orlglaatlag froa aagMtliatloa traaafor via long rango
C-*M couplInga aro alnlaliod, alneo tho corroapoodlng voctora hava
Inonfflelont tlao to proooaa froa tho aatl-phaao eondltlona, and thoy
oancol oaeh othor out. Alao Includad In tho pulao aogoonoo la a aat of
pulaoa appllad to 1](90; -(10)-Igo;-(%1)-90“,) at tho aaao tlao aa tho
no* **c rofoouaalng pnlao. Thlo haa tho rooult of offoetlvoly
doeoapllag froa oao aaothor all protona oneopt Inaqulvalant onaa
attachod to tho aaao carbon atoa (l.a. fino atruoturo duo coupling
la ronovod froa tho dlaonalon). Tho raanlt of all thoao
aodlflcatlona to tho baalc oxporlaoat la a apoctrua that haa ono paak
par pair of oouplod nnclal, tho coordlaatao of which aro glvon by tho
approprlata and choalcal ahlfta. Aaothor aodlfloatlon to tho
pulao aoquanco la to oyolo tho phaaoa of tho radio frognanoy pnlaoa and
tho rooolvor. Thla haa tho offoot of ollnlnatli« any aaall axial poaka,
duo to pulaaa not having ldaal longtha.
PtttrilMtIPP Of Tho Kolatlvo glano Of gnln-gpln Coanllno
VIl T»P-PiatMloaal Shift corroiotio. a.a a
*e aontlonad In tho praviana aoctlon, oarboa-to-protMi coupllnga
aro ronovad fron both oarbon and protoa dlaanaloaa of tho two-
dlaaaolonal ahlft oorrolatlon apootrun. Rowovor In
Ui C*ifl**I>Tlpfcoophlno) tin (1V) totraohlorldo, tho oarbona and protona

aro oonplod to a third naclaar apocloa naaoly phoaphoma. Tho apln



etat«« of pho«phoru« ar« unaffaetad durlac tha tNo-dlaaaaloBal
ajcparlaant and tba ooupllnc to phoapboroa appaara In aaeh dlnanalon of
tha apactrtM. Tha dIffarant Ilnaa In tha proton and carbon dlnanalona,
duo to cooplInc to phoaphoroa, ara aaaoelatad «1th tha dlffarant «pin
et*taa of tba phoaphorua nitolal. Thara ara two phoaphorna nuolal in tha
nolacnla undar oonaldaratlon. Tharafora thara ara fonr poaalbla
ooablnatlona of phoaphorna «pin atataa aa ahown In FIO. 3,xvil,

F10. 8.XVII

Spin  Stat«

lat 2nd
«F 31p
-H Thaaa apln atataa ara nlxad and
eannot ha aaalgnad atralfht
-h forwardlp.
-X -k

Tha nathyl alpnal In tha ~ton dlaanalon and In tha carbon
dlnanalon appaara aa thraa llaaa, aaeh aaaoclatad with dlffarant
cowhlnatlona of phoapborm apln «tata«. sinca tha apactra ara 2nd
ordar, not all tha Ilnaa can ba axoliialvaly aaalfuad to one eowblnatlon
of apln atataa. Rowavar tha oatar llnaa of aaoh triplat can ba -
to althar tha (®lj, %) or tba (%, -%) atata axoliialvaly and It la froa
tha hahavlonr of thaaa llnaa In tha 20 axparlnant that tha ragwlrad
raaalt la obtalnad. Bach of tha llaaa In tha triplat la traatad by tha
two-dInanalonal corralatlon aaparlnant aa an affaetlaa ohanlcal ahlft
and a oroaa-paak appaara la tha two-dlwaaaloMl apaotrua, ralatlac tha
affaetlva ohawloal ahlfta of tha dlraotly bondad carbon and proton
nnolal aaaoclatad with tha aana eowblnaton of phoaphorna apla atataa.

For axawpla a oroaa-paak will appear for tba nathyl proton lino
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meeoclatad MIth tb* (*b, &%) oosblutlon of plicaplioriw «pia «tata« and
tha aatbyl earbon lina aaaoolatad wltb tba (eli. &%) coablnatlon of
pboapborua apln atatoa. For an obaarvad nnolana X oonplad to a nuolaua
Y, tba alga of tba X-Y eonpliag dataralnaa «hlcb llaaa In tha X
aultlplat ara aaaoolatad wltb tba dlffarant apln atatoa of Y.
Tharafora, alnea tba anparlaant aboaa «blob earbon and protoa llnaa ara
aaaoolatad altb tba tana oonblnatlon of pboapborua atataa, It la
peaalblo to dorlva tba ralatlva algna of tba carbon-to-pboapboma and
proton-to-pboapborua eoupllnga. For axanpla, a partloular oonblnatlon
of pboopboma apln atataa (altbar or -H. -%) la aaaoolatad nltb
tba blfb fraquanoy lina la tba natbyl oarboa dInanalon of tba two-
dInanalonal apaetrnn. If tba pboapborua-to-earbon coapllng la of tba
nana algn aa tba pboapborua-to-protoa ooupllng, tba blgb fragnaney lina
of tba aatbyl proton dlnanalon nlll ba aaaoolatad nltb tbat aana
partloular oonblnatlon of pboapborua apln atataa, girine tba appropriata
eroaa-paak In tba tao-dlnanalonal apaetrun. Bonarar If thba tno
eouplInga aro of oppoalta alga, tba low fraguaney lina la tba proton
dInanalon nlll bo aaaoolatad nltb tbat partloular oonblnatlon of
pboapborua apln atataa, glving a dIffarant eroaa-paak la tba tno-
dInanalonal apaetrun. Aa can ba aoan fron FI0. 3.XVIlII, ableb abom tbha
oontoar plot af tba tno-dlnanalonal apaetrun, tba aaoond oaaa appllaa
and tha phoapboma-to-earbon eoupllng la tbarafora of oppoalta alga to
tba phoapborua-to-proton eoupllng. Aaotbor adraataga orar tba aalaotlra
doooupllag axparlnant la tbat tha tno-dlnanalonal anparlnont alao ylalda
st algna of tba pboaphorua to earbon and pboapborua to proton
eouplInga for tha natbylana earbon and protona. Aa eaa ba aaan fron
F10. 3.XVIIl tbaaa ara alao of oppoalta algn.

For botb tba natbyl and natbylana alenala tba earbon and protona
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Fig.3tiwn CoWtOT Plot Of Til» C-B nhMrtcal Shift
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»iv« eeeoad ordar «paotra, aad caaalst af paaada-triplata la bath
dlaaaalaaa. Thaaa caa ba daaorlbad aa tba X parta af AA"X apaotra abara

ar appraprlataly. Tbla typa af apla ayataa la
dlaouaaad la tba pravlaaa aaetlaa af tbla obaptar aad tba prajaotlaa af
tha iriMla twa-dlaaealanal apaetroa ea ta tha oarbaa aala glvaa tha
prataa daaauplad apaatraa aa la FI0. 3.VIII. Far botb typaa af
carbaa, tba autar 8 llaaa ara taa aaak ta ba dataotad, aad aaly tbha
eaatral aad N llaaa ara praaaat la tba earbaa dlaaaalaa. Thbarafara tha
oarbaa-ta-pbaapbaraa eaupllag praaaat la tba tao-dlaaaalaaal apaetrua la
glvaa by aad iriilob ara daflaad by agaatlaa (3.1). Slallarly
far tba prataa dlaaaalaa tba prataa-ta-pbaapbaraa eaupllag oaa ba
daaerlbad by aqoatlaa (8.1) «Itb tba aatar llaaa la tba twa prataa
paaada-triplata balag tha g llaaa af AA"X apaotra. Tbhua aa atatad
aarllar tba alga af g™~ la aetually eoaparad wltb tba alga af (*J(**F-
*g) ¢ *J(**P-*g) aad tba alga af g~” la eoaparad ta tba alga (*J(**F-
*g) ¢ *J(**F-*g)J. ®I(**F-~g) alll ba aagllglbla eoaparad ta *J(**F-*g)
aad aa oaa ba dlaaauatad far tba parpaea af dataralalag tba relative
algae af eaupllag eaaataata. Slaca *J(**F-*g) la kaam ta ba paaltlva,*
tbla plaeaa ail tba atbar algaa af tba varlaua eaupllag eaaataata aa aa

abaaluta baala. aa aboua la tabla (3.1).



3.1
SIp tiri NSrss S.M«. <«u

Ceageaad <(“*sa)  i("P» >3 *la«pd  »1.SIp8lp
@ /ppa /ppa /ma (b) /<@ (©)
SaCla(Ptt,), -8Ts 80.P - -

_ Sacin(plED), s 5 B -
liat-SaCl~, (P1tJ, (4) -l 18.0 -SITO
SiM «SaCl, Ir,(PBt,)!1(d) 15.0 -8188
SaClr,?PBt, T| -1 S.S -8888
-sie S.4 -188T
-8TS 18.T -88ST
SaCH(PIt, t(P*an)* (@ -8TS so.s -8818 -44.7
® 18.0 -8880
*m saS mm»_ . asts
SaCl4(PIt,), «(“=C) *J(FCHP>  *J(»V>P)
______ B%) /- /ssa /ma (al /ma (hi /at m
«t U) 14.5 8.1 88.8 0.8
ca, (ki T.8 1.8 -8.8

@ ras la at roas tasaaratara.

® *B(SaP) *va

@ HiPP) -va

(S taallar iataaslty peafe saalfasd ta sU apaalaa alaaa atarle
blaSaraaea sili faaaor bavlac tha taa brealaa stasa

@ Kt,

) Psa*,

) k(CP) »va

® H(CP) <va

M *R(CP] »va

(J) <J(V*P>»*J(V‘P) e=-ll.s la

® HNETP)RJCGi*lp) < »15.« la



3.10 PI>ciM«loa

Tb* *K(8a-P) oovplli« 111 [(PI1tj), Snelli la tba first aaoh cmiplliic
for "fcloh a positiva alga has basa dataralaad. All othar pravloua 8a-P
raduoad eaapllaca far idilob tha algaa ara koo«a ara aagatlva™. Alaa tha
aagatlva *K(P-P) caupllag via tla la oaly tha aaeaad aaob eaapllac far
Mblob tba alga baa basa datsralaad. Tha pravloos positiva ooopllag

kw far (C1,)280 [P(C™,),].>-

Pravloas atadlaa abara tba algaa of *K(Sa-P) oaopllaga bava boon
dataralaad bava oaaoaraad trlorgaaastaaaylpbaapblaaa aad tbalr
coaplaaaa*. la tba aaeaordlaatod coapoaads, abara tba pboapbaraa baa aa
alaetraa loaa pair, ~K(8-P) la largo aad aagatlva. Nbaa tba loaa pair
la nssd la eoaplaxatloa, *K(ga-P) daaraasaa la aagaltada, baaaalag laas
aagatlvs. This babavloar parallala that of *R(P-€) la aaalogaos
pbaapblaa eaapaaads *. icaavor apaa oaaplasatlaa *E(P-C) baooMs
positivo. Tbla eaa ba axplalaod by a largo aogatlva oaatrlbatlaa la tha
tla-eaatalalag ooapaaads daa to a largar aaargy gap batassa tba
pbaspboras aad tla valsaoa orbitala. la saob eoapouada abara tbs tla la
faar-eoardlaats aad tha baada ara tatrabadrally arraagad, tha tla la
appraalaataly jp* bybrldlaad.

Tha eoapoaad uador eaaaldaratloa bora la alx-eaordlaatad, altb tba
baada arraagod aetabadrally araoad tba tla atoa to ablob tba pbaapboroa

oeaplaaad. At first glaaoa It waald appaar that tba tla la aetlag
Bora Ilka a traaaltlaa aatal aad aay aaalagy to tba babavlaor of oarboa
la pboapblaaa la laappraprlata. loaavar ea elaaar aaaalaatlea, tbhara
aro sarlaas draabaoks to drawlag too oloaa a eaaparlaaa vith P-N
caapllaga la traaaltloa aatal eeaplaxaa.

Safara ooBaldorlBg tbo typo of baadlag lavalvad la Hi-pbaepblaa

tla(lV) tatraballdas, tha avallabla avldsaoa shoald ba eoaaldorod.



*K(Sn-P) la larga aad poaltlva ladleatlng larga 8 and Sg
coatrlbutloaa froa tia aad pboapiMrua, raapaotlvalg, to tba boad batMaan
thaa. Tbha axlataaoa of tha phoapboma Sg ooatrlbatloa la aiipportad bg
tha aagaltuda aad alga of tba P-C aad P-g ooupllaga la tba ooordlaatad,
eoiVarad to tha oaooordlaatad pboapblaa*. Thaaa follow tba axpaetad
traada, wltb *g(p-c) aad *K(P-]) baooalag aora poaltlva, ladlcatlag tbha
bpbridlaatloa of pboapboraa goaa froa balag aaar g’ to balag aaar gg’
abaa ooaplaaad. Tbla la alao aapportad by tba X-ra» atrootura of
(PIt3)2taCl”™*, abara tha avaraga C-P-C latar boad aaglaa (107.1*) aro
laaa tbaa tha totrabadral aagla (100.8*), aad thba avaraga C-P-8a boad
aaglaa (111.8*) ara graatar, ladlcatlag tbat tba boada to pboapboraa
fora a dlotortad tatrabadroa, olth tba boad to tia laoludlag a graatar
proportloa of ;g obaraetar thaa tba boada ta earboa.

It baa baaa daaoaatratod tbat *J(*"*Sa-**P) daeroaaaa altb
laeraaoad pbaayl aobatltatloa of tba pboapblao™. Tbla parallalo tbha
babavloar of "J(N-P) la otbar groop B aatal eoaplaxaa abara N la H** e
or Cd**, e ioaavar la eoaplaaaa of Pt**, g® aad Bb*, *J(N-P)
lacraaaaa altb pbaapl aobatltatloa of tba pboapblaa. Tbla laoraaaa baa
baaa aaplalaad bp lavaklag -gl baadlag.*» Tba pbaayl groiva
laoraaaa tha S-aooaptor ablllty of tba pboapblaa, aad tha ayaargle

obara aatal baofc doaatlm of S-alootroaa lacraaaaa tba pboapblaa
o-doBor ablllty laadlag to aa laoraaaa lo *j(H-p). Nora raoaat
dlaooaaloaa** bava aaerlbad tbla laoraaaa la ~J(11-P) to ebaagaa la tha
~  MavafaaetlOB at pboapboraa aad tba g-obaraotar of tba pboapboraa looa
palr. la tba groop B aatal eoaplaxaa, obleb abo« tha oppoalta traod,
aaalyala of thba X-ray atrootoraa ladleataa tbat tba aatal-pboapboraa

baoda ara ralatlvaly aaak.® la aoeb oaaaa tha atarlo affoota of tha



piMnyl group« oa phoapiiorus My oatMlgh uy okugM la tha i-orbltala
on tba phoaplioras, laadlac to aa taoraaaa la tha M-P boad lai«tb aad a
daeraaaa la h(M-P). Tha ralatlvaly loac P-N boad laagth la alao
ooaalataat wltb tba abaaaoa of 4U boadlac: tha miad ¢-orblUla oa
*ba aatal balnc atroagly boaad aad of too loa aaargy to partlclpata la
H-alaetroa badc-doaatloa to tha pbaapboraa J-orbltala. la tbla eaaa tha
atarle affaota of tba pbaayl groapa alli alao ba daalaaat.

Ib alxad balido, ~-pboapblaa tla(lV) tatraballdaa, tba aagaltuda
of *J("**8a-*"P) dapaada oa tba ldaatlty of tba foor balldoa 411 to tha
pboapblaa. la tba alxtero of eoapouada roaaltlag froa tba raaetloa of
trlotbylpboapblaa altb aa aqulaolar alxtara of tla(lV) tatrabroalda aad
tla(lVv) tatraeblorldo, tba prodaota aro ooaolatoat altb tha tae
pboaphoraa Ilfaada balee m u o"* aaotbar. Tbla ooaflraa tha raaalt
flvaa by tba X-ray atraetara* for tba aolld atata aad laforrad froa
Raaaa aad lafrarad raaalta.** Tha aaolgaaoBt of tba dlffaraat
coapoBoata of tba alxtara, la baaad oa tba aepaotod atatlatleal
abaadaacaa of tha dIffaraat ooablaatloaa of balldoa, ooaparad to tba
ralatlva lataaaltlaa of tba paaka la tbha *"P apaotraa (aao FIO. S.XIVa).
Thla aaa ooaflraad by axaalalac a alallar alxtara abara tla(lV)
totrabroalda aaa praaaat la a 2:1 ratlo to tla(lV) tatraoblorldo (aaa
P10. S.XIVb). Tha dapaadoaea of *J(“**8a-**P) oa tba balldoa Ul *e
pbaapboraa baa alao booa foaad la Trl-a-batylpboapblao tla(lV)
paataballdaa.** la tbaaa eoapoaada boaaaar tba ldaatlty of tba balido
(Ir or CI) traaa to tba pboapblaa baa a aofllglbla affact oa
*J(***Sa-**P). Alao, aa laeraaaa la *J("**8a-"*P) ooeara tha
balido m u *0 tba pboapblaa la raplaead by trl-a-botylpboapblaa™ aad
a fortbar laoraaaa oooura abaa tba trl-a-batylpboapblaa la raplaocad by a

aatbyl groap.« a plot of »J(* »8a-*»P) agalaat aCabora a - 0-4 la
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(Mtj)28nCL,,ir™_i,) Is 1IM«r (=== FIO. 8 .XV) mhowinc tIMt th* «ffect of
Mokutlnc a broalda far a ohlorlda Ilfaad la addltlva. ir tha «iff
la *J(***8a-*"F) «aa due to tha graatar alaotroaagatlalty ot oblorlda
eooparad to broalda, tba aatora of tha ballda traaa to tba pboapblaa
would produca a alailar affaot oa thba eoupllag eoaataat la
[(iM)SsaClghg_~]~- 1* maaavor tba affaot uay ba eaaaad by atarle
hladraaca, altb tba graatar bulk of broalda oaualag tba aaak Sa-P boad
to ba longar tba aora broalda llgaada tbara ara oa tba tla. Thla aould
laad to *J(***8a-**P) daeraaalag aa tba anabar of broaldoa oa tla
lacraaaaa. Tha X-ray atruotura of (PIt,)2SaCl4 aboaa tbat tba gaoaatry
at tla la aot parfactly ootabadral*) altb tha *xx* aaglaa aad at
laagtba far tba oblorlda llgaada aot all balag aqoal. Raplaocaaaat altb
bulklar broalda llgaada aay laeraaaa tbia dlatortloa, laadlag to a
ebaago la tba hybrldlaatloa of tla, tbaraby laoraaalag tba ;-ebaraotar
tla-hallda booda, altb a ooaooaltaat daoraaoa la tba g-ebaraotar
of tba 8a-P boada aad a raanltaat daoraaaa la *J(***8a-**P). ioth or
althar of tbaaa affaota aay ba raapoaalbla far tba obaagaa la tba
aagaltuda of *J(* *8a-**P), abaa tba aatura of tba ballda ili to
pboapboraa la obaagad.
Aa tba llgaad imi to tba pboapboma la obaagad, *J("**8a-"")
lacraaaaa la tba ardar Rr"vci < PR, < if, la tba mamiinil
ooaaldaratloa, *K(Sa-P) had baaa aagatlva (aa la all praviana alga
dataralaatloaa), tbon tba changa la aagaltuda of *J(***8a-**P) (l.a.
*R(Sa-P) baoonlng aera aagatlva) «onld ba aa pradlotad by tha *® «-
lafluaaoca*,”* aa aaalfaatad la aaay traaaltloa aatal ooawlaxaa. Tha
"imi-Influanea” of a Illgaad la a natal ooaplax la daflnad aa tha
axtant to iriildb tbat llgaad waakaaa tba boad to Itaalf la tha

aqulllbrlUB atata of a oooplax. In a natal-phoapblaa ooaplaz eonUlnlag
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e ligwid fcsu to tiM pbosphIM, aa laerMM In tkat llgwid"a
InfIMBM cauMS a dacraaaa la tba alia of ~J(P-N) (l.a. tha ooopllac
baeoaaa aora aafatlva) aad gaaarally tba ordar of "ItMe-laflaeaee* for
tba Uganda nadar coaaldaratloa la Oij > PK" > ci<ccar. Slaea "K(Sb-P) la
poaltlva, tba traad la tba ooupllag eoaataat goaa conatar to that
axpaetad.

mo«Mvar tba ’UciBt-laflaanoa* baa baaa aalaly atadlad la ralatloa
to traaaltloB natal ooaplaxaa. Tha traoda obaarvad la tbaaa coaponada
bava baaa ratloaalliad la taraa of obaagao la tbo notai bybridIMtloa.
Tha boat Ilgaad-aatal orblUl ovorlap ocoora «baa tha bybrld orbitala on

aatal and tba ligand orbital, uaad la bondlng, ara of approalaataly
tha taao onorgy. Tbns tbo natal bybrldlaatloa cbaagaa, ao tbat tba
natal bybrld orbital la aaarar tba ragalrad aaargy of tbo ligand. Tbla
affaeta tba bybrldlaatloa of tba otbor notai bybrld orbitala uaad la
boadlag to otbor ligando. Tho traaoltlM notai orbitalo avallablo for
bondIng ara tho (a-1)j, m and PB> -nT obaagoa la p- and j-orblUI
obaraotor of a bybrld orbital, «111 aoataffact tba bybrld orbital tr«n«
to It. Tbo dlfforoaco botnaoa traaoltloa notalo aad tla la tbat on tla
tha (@Djl (l.a. tha orbitala arafiliad aad ara naavallablo for
boadlag. Tharafora If ~-«rblUlaara to ba uaad by tla la fomlag
ootabadral ooaplaxaa tba bybrldlaatloa «111 bo aad tho 14 -(l.a.

orbitelo «111 ba uaad la boadlag. Tho onorgy of a bybrld orbital la
dataralaad by tba dlffaraat anonata of p, p and j-orbltalo fron «blob It
la oonatraetad aad tbo aaargy of tbooo p, p and j orbitela. la boadlag
la ootabadral ooaplaxaa, tba p-orbltala naad la traaaltloa aatal
ooaplaxaa ara of lo«tr onorgy tbaa tho p and p orbitela, «baraaa la tla
ooaplaxaa tbay ara of blgbar onorgy thaa tba p aad p orbitela.

Tharafora, If la ordar to aoblovo a botter orbital ovorlap, a ligand
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r*qulr«s th* «Mrgy of th* bondlat Mtal-hsrbrld orbital to ba loworad, a
tranaltlon aotal Mili Inoroaaa tba j-oharaotar (l.a. radnca tbo ¢ and £-
eharaetar) of tba bybrtd orbltol. Nbaraaa tin «111 laoraaaa tha i-
obaraetar (l.a. radaca tha and d-ebaraotar) af tba hybrld orbital.
Thua by cbaaclBC tba ralatlva ardarlac af tba «aarflaa af tba i, £ aad ¢
arbltala avallabla far bybrldlaatlaa, a ebaaga la tba ralatlva trana-
lafluanoa of dlffaraat llgaada «111 raaolt la dlffaraat obaaga* la tbha
1 -obaraetar af tba bybrld orbital« traaa ta tba llgaad. Aa laeraaaa la
tfm-lafluaaea «111 eau«« aa laoraaaa la tba i-ebaraetar la tba eaaa of
tla aad a daoraaaa la tba i-abaractar la tha casa af a traaaltloa aatal.
Paaalbly tba aaat atrlkla« avldaaoa that boadlac la pbaapblaa
ooaplaaaa af tla(lV) balldaa différa algalfloaatly fro« tbat la
aaalogo«« traaaltloa aatal oaaplaxaa la glvoa by tba aagatlva «iga «ad
aaall aagaltnda of tba pbaapborua-ta-pbaapbaraa oonplleg. la aa
aaalogaua traaaltloa aatal ooaplax a eaapllag af a «iallar
aagaltnda (44.T7-3T.8 Hi) «ad alga «ould ba ooaalataat «Itb tha t«a
pbaapborus atoa« balag la a arrangaaaat,*” «baraaa Jxggg ooopllaga
ara gaaarally poaltlva aad gmtar la aagaltnda tbaa ooupllags . "***
Tha pbo«pboma-to-phospborua oanpllag oaaataat 1« alao an «aoaptloa
to Jaaaaea«*« «xplanatlea af tao-band oanpllaga,** dlaenaaad la Cbaptar
1 aad glvan la «quation (1.9). Slnoa *R(Sa-P) 1« poaltlva, aa ara tha
*y tha aquation. Thbarafara la ordar to aoblava a
aagatlva *K(PP), tba tblrd ter«, Pggy «nat ba aagatlva. Bouavar «lnea
tha t«o pboapborua atoM ara traaa te «aob atbar tba X-M-Y bond angle la
graatar tbaa 110* and aoraally tbla «enld load to balag poaltlva.
Pravlavaly, axoaptlaaa bava ooourrad only nhaa tba Intarvanlag atoa X
baa bad an «laotroa loao pair, for «aanpla ~(PC) via aalaalw.”""

Aa altaraativa ratloaala, follo«Ing Popla «ad Santry®a aolaoular
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orbital approaoh. baa baan propoaad to axplala tba algna of
la oartalB ootahadral traaaltloa aatal ooaplajwa.***** Aaavalnc tbat
tha Paral-ooataet tara dealaataa tba eoupllnc. thba alga aad aagaltada of
*j(*1p91p) all« dataralaod by tba apaaotrlaa aad aaarglaa, raapaetlvaly,
of tba dOBlaaat alactroalo traaaltloa(a), «blob appaar la tba autual
polarlaablllty glvaa by ogoatloa (1.4). Aa axeltatloa froa oaa orbitai
to aaotbar, «bara tba pboapboraa i-orbltal ooatrlbatloas to tha
Bolaealar orbitai bava tba aaM ayaaatry (l.a. aya -> aya or aatlaya ->
aatlaya) «lvaa a aagatlva ooatrlbatloa to tba oooplli« ooaataat. aharaaa
a traaaltloa froa oaa orbitai to aaotbar of dlffaraat ayaaatry, glvaa a
poaltlva ooatrlbatloa. Oaly aaeltatloaa bataaaa oeouplad aad uaoooaplad
aolaoalar orbitala idVMro betb oaoplad pboapboraa aoolol ooatrlbata g-
ebaraotar to bath tba orblUla lavolvad aaka aay ooatrlbatloa at all.
P10. 3.XVI aboM a alopllflad aolaoalar orbitai dlagrw far a traaaltloa
aaui i* ayataa.

Por a ooopllag bataaaa tao pboapboraa aaelal sii to oaob otbar oaly
traoaltloaa lavolvlag oeouplod aad aaoooaplod aj”™ aad o™ orbitala oaka
ooatrlbatlaoa.

MFI- » VI t. *



Th* truMltIM* *g -> *j* and -> Mk* nagatlv* eoatrlbntloM
ead th* traaaltloaa a, -> a,,* aad aj, -> a™* aak* poaitlv*
oootrlbutloaa. Sino* tb* contribution froa a partlenlar traaaltlon 1*
proportlonal to tba laaaraa of th* anargp dlffarano* batwaan tb*
oecuplad and unooeuplad Molacalar orbitala, tba a® -> *** tranaltloa
doalnataa and ail *J(**P**P) la nagatlv*.

For a eonpling batnaan t«o pboapborua nudai tv- to aacb otbar,
tranaltlona batNoaa Ujg. *g and tj, orbitala ara Involvad and tb*
ooatrlbutloaa froa aaob tranaltloa, wlth tb* appropriata nunarloal
Malgbting*. to allo« for tb* nunbar of daganarat* lavala la aach

aolacular orbital, relativa alga* and eoafflolanta ara glvan In tabla

(3.2)
Tabla 8 .a
Coatrlbotlona to *J(**m*"P)

Tranaltloa Contribution Tranaltloa Coatrlbutloa
-if  *If* ~grlg* “in  “ig* 43/ Atj,ajg*
il -/ -2/ ha,g*g* of  *1* -4/ A*, %
cig  *lur 3/ Aajgtj,.* .g -> “lu* *</ AOgLj™*
“Ju -> *g* 49/ Atj, *g* of el l* -2/ A*ga,g*
“Iu “lu -3/At, .t,,.*

It follo«* tbat *J(**F**P) la poaltlv* alno* tb* donlnaat

ooatrlbutlona ara froa tb* poaltlv* t,_ -> * * and a. > ¢ =«

tranaltloaa, «blob bava larga nuaarloal «alghtli«* aad In tha oaa* of
*1« *g* * ralatlvolp anali anargp dlffarano*. In Vaibada®a
traataant**, tb* affaot la alao ooaaldarad of obaaglag tb* relativa
anargy of tb* pboapborua Uganda o-orblUl ooaparod to that of tb* otbar
Uganda (ap*olfleally-CO) oa tb* tranaltloa aatal. Aa tba ralatlv*

anargy of tb* oarbonyl a- aad tb* pboapborua o-orbltala obaagaa, ao doaa
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th* doaiiwiit traMltloa. du* to ehaagoo In tho piMophoruo ~-orbital
coofflolonta of tko dIfforant aoloonlar orbitalo. Ooaorally tbo onorgy
of tbo carbonyl o-orbltala la blgIMr than that of tbo pboapborua o-
orbltala and tbo tj, -> a™* tranaltlon doalnatoa, bat aa tho onorgy of
tha ptaoapborna o-orbltal roaoboa parity wltb tba oarboayl o-orbltal tba
nagatlra Og -> Og* traaaltloa doalnataa and finally If tbo oaargy of tbha
pboapborua <rorbltal axoooda that of tba carbonyl o-orbltal tba Og —>
*1g* My coaa to doalnata giving a nagatlvo contribution to

Por tbo coupling tba doalnaat tranaltlon la aluaya
nagatlva avon tbougb obangaa In tba ralatlva aaarglaa of tbo pboapborua

and carbonyl o-orbltala cauaaa dlfforant traaaltlona to donlnata cla

SInca tin will uao 14 ratbar thaa (n-l1)i-orbltala. for bonding In
ootabodral ooaplaxaa, aa ladloatad aarllar, tbo nolacular orblUI
dlagran chbaagaa and tba ralatlva ordoring of tha nolocular orbitala la
difforant aa abown In PI10. 3.XVIIl.

P10. 3.XVIHI



Tiw ayMctriIM of th* dIffarmt MolMalar orbital« rasala tha aaao

aa la riQ. 3.XV, «o that tba auaarleal «alghtlaga aad ralatlva algaa «f
tha diffaroat traaoltlmw Mblob eoatrlbota ta »memm *J("“*PN**P) glvoa la
tabla (3.3) «tlll applp. Howavar alaea tba ordarlag af tba oxoltod
i>sa obaagad, tba aaorgy dlfforaaeo batmaa oaouplad aad
uaocouplad aolaealar orbitala for aaeb traaaltlaa 1« dIffaraat. Thba tj»
-> «g* traaaltlaa 1« aa loagar doalaaat, daa ta tba larga laoraaaa la

tha aaargy dIffaraaca bataaaa tha aalacalar orblUla. Tha traaaltlaa

altb thba lowaat aaargy dlffaraaca la «* -> «bleb oaatrlbntaa
aagatlvaly ta boNavar tba twa traaaltlaa« altb tba aaxt
loaaat aaargy dlffaraaoa ara ag > %y > alg idileb aaka

paaltlva eoatrlbatlaa«. If tbara 1« algalfleaat tla «ls-obaraetar la tba
tla-pboapboraa baad, tbara alll ba larga pboapbaraa ¢-orbitai
eoofflolaata far tba tj~ aolacalar orbitai aad tbaoa tao traaaltloaa
baoaaa doalaaat. loaovar thbla affaat alll ba ooaataraotad by tha
aagatlva eoatrlbatlaa froa tha t|,, -> t|/ traaaltlaa ableb altbaMh It
baa a largar aaargy dlffaraaea, alao baa a larga aoaarloal aalgbtli«.
lo tba coapeaad oadar coaaldaratloo “j(*”~P8o”*P), la aaall aad aagatlva,
lodloatlog a balaaoa batwaaa thaaa eoatrlbatlaa« alth tbha aagatlva
eoatrlbatlaa frea a® -> 0j,*, aad pooalbly t,,, -> tj/, balog doalaaat.
Saall ahaagaa la tba ;-arbltal oeafflelaata of tba dlffaraat aalaoalar
orbitala caa eaocaa ralotlvaly larga oboagea la "J(**P**P) oadar tbaaa
oaodltloaa.

Tba gaaaatrlaa af ala-eoordloata tla(lV) eoopoooda, of alallar typa
to tba oaaa oadar oaaaldoratlaa bara, bava baaa aoeocaaafally pradletod
by tba valaaoa aball alaetraa palr rapolalaa tbaary.** leaevar tbla
thaory deaa aet previde aay lafaraatlaa aboat bybrldlaatlaa af tba tla

orbitala. Tba ***ia Naaabaoar data®'®3 far ((P1g)g3aClg] baa baaa

37



Intarprctad to lodlooto tkat tboro la Ilttla partlelpotlon by tin S}
orbltala In o-bondlac, and that la tba abaanea of algalfleaat tIn-
phoaphorua itn-jll  bondlnc, a largo proportion of tin 6i-obaraetar Ila
concantratad In tbo tln-phoaphoroa bond. Proa tkla Intarpratatloa a
bondInc nodal baa boon aaggaatad nharo tha atoa nao tho Sg- and ona Sc-

orbital In bondInc to pboaphoma and tha ronalnli« tno Sc-orbltala aro

uaad to fora *throo-oaotro” boada with two ohlorlaoa”. Thia nodol
adoquataly pradlota tho alga and aagaltnda of *J(***Sn**P).  Howovar
with thla nodal. would bo anpactad to ba poaltlao and

probably of largar aagnltada than la aotnally found.

Thla nodal ana originally naod with raforanoa to ooaponnda without
alootronagatlvo aubotltuonta”™*, whara tha ¢-orbitala eonld ba rathar
diffuaa. Tha praaaneo of four alaotroaogatlua ehlorlao Uganda attaehad
to tho tin nay naan that tha total anolualoa of tha tin 5 ¢-orbitala
team bonding la not Juatlflod la tha ooaplana undar eoaaldaratloa.
Howavar, tho oonrantlonal msV  bybrldliatloa daaerlptloa for ootahadral
ooaplanaa dona not acoount for tha high tin 8 g-orbltal oharaetar of tha
tIn-phoapharua band. A eonpronlaa batwaan tha two daaorlptlona la
probably nora appropriata, with tha hybrldInatlon balag a dlatortloa of
mpV  with nora i-eharaotar oonoontratod la tha hybrl Ilractad

towardo phoaphorua.
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|
£1hexiB |
,Lcammim cowamiiw a tkawsitioii wtal -ctopi» IV IO
I4.1 iBtroductiOB
Th«r* bat bMa ooaaldarabl* latarast In oonpounda oontnining <
heavier croup IV eleneat (SI, Oe, Sa, Pb) Slreotlp bonded to a
traaaltlon natal.~ Thla arlaea Iron a nunber of different reaaona
inelndInc: natal-aetal bond fomatloa, ayntbeala of analoguoa of organic
darlvativea and the oatalytle aotlvlty abown by aone of tbaae apeolea.
NItb the advent of nodara nultlanolear Ponrlar traaafom N.N.R.
apaotronetara, there baa been reeent Intareat in atndylng certain of
theoe conpounda by obaervinf the apeotra of the coordinated traaaltlon-
netal anelal and of the attaobed group 1V elanont. Tbla baa
produead a conalderabla body of data eoneerniag apin-apln coupling
botwaen the group IV elanont and the tranaltloa natal ~>*"*™* aag «i«0
between the group IV elanont and nagnetlo nuolei of other Uganda in the
coaplex, uhlcb baa proved a grant aid la aeleealar atructure
deteralnation and aa an Indloator of eleotronlo dlatribntlon. In order
properlyy™interpret the data (eapacially in tha latter eaae), it la
neeoaaary not only to know the nagaltndea of the eoupllng oonatanta, but
eleo their algna. To tbla and, nultlpla reaonanoe axperlaonta were
carried out on a nunber of traneltlon-netal oonpleaea with tin and lead
Uganda. The nnjorlty of work la the literature (uhloh glveo the
nagnltndaa, but not the algna of the ooivllng oonatanta baa concerned
eaaplejwa with the N-SaClj, ~"e***>n** goloty (M la aeet connonly Pt, or
Rh) and nore rdemmgllly aguaro-planar platlaua conploaaa with
RA-bN”.0"" (« aryl, alkyl group, K > halogen, n « 0 to 3, N* »Sn,
Pb) groupa aa Uganda. Thaae Uganda often have fornai electronlo and
atereoobenloal raaenblaneea to oorreapoadlng eoaplexea of tertiary

pheephlnea and aoaa traoda In the pattern of reduoed oonpllIng oonatanta

101



to and *~Pb «hoN gatlltatlv* egreeeent «lth tIM bahavloor
displaytd by **P.

Alto Inolndad im tbls Motloa la aa abaoluta alga datanlnatloa
upon tba coapllag eonataata Involaad la aa orgaaotla obaleogaalda, abara
tIB la coordlaatad to a B-oatal, laataad of a traaaltloa aatal aa wlth
tha othar eaapoaada la tbla Chaptar.

la tbla cbhaptar tba apla ayataaa apoa ablob aaltlpla raaoaaaca
aaporlaaBta aara parforaad oaa gaaarally ba daaerlbad aa flrat ardor.
Tborafora a ataadard aatatlaa oaa ba 1iiaod ta daacrlba thaa, aad tba
algaa of tba eoupllag ecaataata eaa ba dadaoad froa tba raaulto. la tha
eaaa af axoaptloaa fartbar datalla ara glvoa la tba appropriato oaotloa.

Tha flrat ordar apio ayataaa gaaorally laaalaad la tba followlag
aaltlpla raaoaaBoa aaparlaaata ara adaquataly daaerlbad by tba AMX apla
ayataa glvaa la Cbaptar 8. lacb aaparlaaat la llloatratad by glvlag
acboMtlo dlograao draaa to acala of tba aarlaaa apaatra af tba apla
ayataa lavolvad aad abowlag thba aaocaolatloaa bataocaa tha llaaa of tbha
diffaraat apactra aa ravoalad by tba aaltlpla raaaaaaca aaparlaaata.
Proa tbla ara dadaoad tba ralatlvo algaa of tba eoopllag ooaataata
lavaivad.

4.2 KEY TO KXPniWMITS
a) Por aacb Cca~— m ara glvaa:-

1) Strootara

8) H.N.R. paraaatarat-

Cbooloal ablfta ara glvaa la ppa relativa to tba appropriata
ataadard, poaltlva ablfta balag to blgber fraqooaoy. Chaalcal
ablft ataadarda ara 1gPO" («P), 110480 (»»ia aad * ’«a).
110481 (*m) 1a~CIf (Me=Pt). lladPb (=="Pb)

Coopllag coaataata ara la aorta.

8) Saaploa aora roa aa aalatlooa la cagCl].
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b)

0)

4

Spaetra aara raa at roas taaparatora, UBlaaa otharwlaa atatad.

ror Uch Sil" r«-—— . ffa IbiltlDla Kaacaaaea to- rt—

D

2)
3)

4)

5)

Dlagraa af aelacular atrnotnra laballad ta ahow apaolfle
laatapaaar balag eaaaldarad la tba fallanlac axparlaaata.
Bach ebaaloally dlffaraat M.N.R. activa aaelaoa ar graup of
nuelal la alpIMbatloally laballad.

CaaplIBC ocoataata ta ba ooaparad.

Stlok dlagraa af R.N.R. apaotra af abaarvad aad Irradlatad
auolal far apaolfle laatapaaar balag oaoaldarad.

Uat of llaaa lo tha apactraa of tba Irradlatad ouolaaa, at
ablch Irradlatloo aaa appllad, eraaa rafaraoead ta tha llaaa
parturbad la tba abaarvad apaotrua.

Stataaaat of ralatlva algaa af tba caupllag eaaataata.

A aalaatloo af apaatra ara glvaa at tba aad af thba OMptar to

daaoaatrata thba varlaty of aultlpla raaaaaooa axparlaaota

parforaad. Par tbaaa aaparlaaota llloatratad. tba rafaraaea auabar

la glvaa ultb tba eaupllog eaaataata ta ba acaparad (ltaa b) 2)

abava).
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1In ot Mhloh Irrodiatioo LIM(@) porturbod

la appllaS
“vgy g Sip 4, 4
“ egn 8 Sip 1 3
(¢ V») (& V»)

CoaparlsoB of olgno *KP"8ii" / ~KPtgSa"

oboorvod Doolotn

12 34

IrrodlatoS ihmlom

2940 Hb

12,3 45.6
Lin ot Mlob Irrodlatioa LIM(a) portorbad
la appllod
198pf 2 a. 4
8 P13
u 4 hove oppoalto olgM
- Vo) (¢ VO)
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B

31
Pa« 3

C1,*V JBS. -UVsn~Clg

31
«*A«3
Coaparlson of olfiio ~KSn"SD,, / *K8BgP~"

oboorvod nuclouo

107 Hz
2,3
Irradlatod nuoloua
4330 Hs
1.2,3 4,5.6
Lina at Nhleh Irradiation LIBo(a) parturbad
la applied
“ esn 2 31p ”
“»SB 5 31p .

~KSn~Sog and ~KPASn” bava oppoalte algna

(¢ va) (- va)
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B) al,

Coapwlaoa of «lgM ~RPt,8ag / @ ne. 4.XVIII)

obaarvad naolaus ***sa

14M la
1.2,3,4.5,6 7.8.9.10,11.12
Irradlatad aaolaaa
160 la
1.2.3 4.5.6
Llaa at ahleh irradlatlaa Llaa(a) parturbad
la appllad

3 ~**Sa 1, a. 3, 4. S. 6

8 7. 6, 0. 10, 11. la

~KPtgSBg and *KPtglg bava tba aaaa alga
(¢ va) (¢ va)

106



O

31.
_Pt-
3l
Y>3

CoapcriIMii of algiM ~~*"1 A

ObMnrad aaolMW *1

160 la

1.2.3 4.5.6

IrradlAtad nuelMia

36 Is

1.2 3.4
Llaaa at akloh Irradiation LIna(a) parturbad
la appllad
«p 1l.a b 4. 6
«P S. 4 *m 1, 3

and ~“n”~Bag hava oppoalta algna

(-va) (¢aa)

10B



31
?A«*3

195p¢ >8pC1,

» gy oeg

Coapu-Ison of olgM (So* FIG. 4.XIX)

Oboorvod moeloiM *1

160 Ix
1,2.3 +.5,6
Irrxdixtod mioloiM
330 Ix

1,2

Llaoo xt Mtaloh Irradlxtloa Llaa(a) parturbod

la appllad
«P 1, 3 ~o1.03
*P 3, 4 i|] 4. a

xnd I|Ptglg bavo tho xxm xlga

(#00) (#00)
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4.s Clt-(PtCI(8ilICl,)(P(p-ai,C,14)3)2]7

«'p) 1j (81p198pf) aj («p* »8a) *J (**P**P)
P Sii te Sa T.8 86830 819.0 14.8
88.8 3189.8 4871.8 14.8
6(1»S.) i(**“Pt) 1j(1198al96pt,
(tav -80*0
-88 -4718 18381
A) 3lpacp-cljcfIny,
cijsa-—-——-————————-—— alniP-ciisvh),
CoaparlIMB of algae "«P"Pt* / ~ a™B N OEEANY
Oboereed Baelem ~"P
480 Is
1.2.3.A S.6 7.8
Irradiated Bucleaa **"t
848 Is
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« e ci>-imi(8BCi3)(P(»-ai50Ce«4)8>al

6(»»P) 1j.,81pl98gt,

»J(«P*«8a)
P £11 to 8n 11.1 88847.8 814.8
88.1 3098.7 4301.8
«(* »8«) il* Pt) 1j,198ptH9
-88 -4748 18880
A) "] A<»-<»s0Ce«4)s
Cl," »8b¢-—-——- Pt-———- ilpiip-CljoCj1n),
Cl

CoiVwimw of Olgas ~KP™Pg / *MB¢P* sad

«ICPAP. / ag8a”™g

Obaorvod auoloos "*P

1.2 3.A.5.6

Irradlatod oaolous ***8a

1.2

113

aj (31p31p)
14.8

14.8

> Sa)
(toap - (

388 b

887 b

3.4



Lina

QW)

*KPa Pb

(-v*)

at which Irradiation

la appllad
" oxsn 1 *xpA
“*on 2 *xpA
“*gn 3 *xpn
(-ve)
**@"C**B OPPO«lt« sign«
Lrvm

X4

4. 6
4. 6
3. 8

Ilna(a) parturbad

*Ip,
3ip,

3*P,



4.7 Cia -[Pt(mi3)2 BiPIRCI)PK] °

1j (81p1»8pf) 8j (31pl19gg) 8j(81p81ip)
88.8 8681 8888 14.6
84.8 8188 148 14,6
4(* »8n) «*“ pt) *J(***8al**Pt)
88 -4780 14070
A) 81
Ph>
SaPhjCl
Coaparlson of algna / "KP"Pg and ~IPgPtg / “gP"

Obaorvod aiieloita "*P

888 BI
1.2 3.A 5,6,7.8
Irradiatoti ouolaua
808 la

118



Lina at Mhleh

Irradiation

la appllad

195pt 1

198pt a

I»#pt 3

«»Pt 4
ARAPACH*

(ove) Q)

LIna(a) parturbad

**P/\

*HxP*

R*PN

R*PN

«1fn*

uid "KP"Pg hav* oppoalta algna

(eva)

(-va)
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**Pg
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>

Pb------ IMptj---——-
«“ esnPlijCI
Coaparlton at algaa "KSBQPt" / and NKSiNt™ / “kSiMPb

Obaarvad auolaua

6S4 It
N.B. Llnaa 9. 10 hlddan
baaaath m Ib paak
1.2 3.4.5.6.7.8,9.10.11.12.13,14.15.16
Irradlatad anelaiw
2360 Is
1 2,3 4 5 6.7 8
Lina at nhloh Irradlatian LIna(a) partnrbad
la appllad
Pt 1 «P* 3 g 0, 4
8 pjn 7. 16 **Pg 3. 11

~KSugPtg and *K8dqP” kava tba aaaa algna

(eva) (»»a)

~AMn~Pt~ aad *KSa|)Pg hava oppoalta algna

(#»a) (-»a)
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4.a (BwN), [rt(slicl)4(Kt,)] 13

«*»P) 6(“ *8b)
6.0 -106 -8633

Avarag* coapllnc eenstuts «Mn at rooa tMV*ratar«

1j(198pt31p, 1j,198ptll6g,) *J(31plI»to) »J(“ *8a“ »8«)
2333 18444 446 6630
A)  T***Pt,(* *8HcCI3)(8IICIj)j(3°P4lt,)]3-

CoapATIWM ef «IgM ~KP~Ptg / ~RPtgSBf.
Otaarvad nnolaiw 31

347 b
1 2 3 4
IrradlAtad miol«tta ~**8n
1666 Hi
1.2 3.4
LIn «t Nhioh IrradlAtiIM Lim («) pprturba0

1« appllAd

“ »6b 1 **p 1,3
3 **p 1. 3
»« 8« 3 **p 3, 4
~»8. 4 **p 3. 4
»KPtjP*)*“ ~KCaii”™g) ha«* th* -lgB
4" )

416



CoaparlIMB of olgM / "KSn~PA

Oboorvod nuoloM

147 1Is
1 2 3 4
Irrodlotod nuolou
aaaa h*
Lino at abloti Irradlatloa Llao(a) portorbod
la applied
* pt 1 *\p 1, 3
»eepl a «P 1. 3
»»»Pt 3 **p a, 4
»e«Pt 4 «P a, 4
~KSa~g ud hovo tho OlgB
(+ VO) (+ VO)
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CoaparlaoB of «lgM ~KP"8ii( / ”"R8iy.8ii] (mee PI10. 4.XX)

ObMrvad nuolaa* ~*P
1707 te

1.1. Ilan a,8 hlddu

banaath aaln ~*P paak

1 2.3

Irradlatad auolaua "*8a

808 la
12 34
Lino at «blob Irradlatioa Llax(a) portnrbod
appllod
»«8a 1 alp n
I»8a a «p 1
“»8a 8 8lp 4
“ega 4 Slp 4
~ANBa” and ~K8a"8ag hava tfea alga
(¢*a) (»»a)

At a Bufflelaatlp lo« taavaratnra tka ~**8a a.a.r. apaotraa of tlw
Ilaltlag aolntloa atrnetaro oaa bo obtalaod. Thla la eonalatoat «ltb
tba atmotara fivan bolo*. Tho raaolvod oonpllaga oaa bo rolatod to tbha

avarag« ooagllag eoaataata aooa at rooa taaporataro. tbarabp glvlag tha

algaa of tboao eoopllaga.

ul



-1 «-

*J(**P***S“,,)

-M -laa ao’ aaaa

1j(195ptu9,.~, 1jiddGenSga,) »J(* *9« = 78117
19aea 64T0 1598S (tMp -90*0

»J(»>8««P)

*J(M*8o**P) - IMI*JI(*VA*8b,, ) ]+*J(*V**8b,,) (4.1)
avcraf* -mm 7

ir tIM oouplinct to 9«,, and Sn” kava tha aaaa alfa tka avaratad
coupllInc conatant aquala «T0O b .
ir ooopllaca to Sa” aad Sa” bava eppoalta aifaa tba avaracad eoapllac
ooaataat aglala ~4S Ha, lAlob aap ba ocaaparad wltb tba axparlaaatal
valla or 449 la. Tbararoro tho tuo ooopllaca bava oppoalta algaa. Oua
to tha aacBltoda or NJ(”*P"**8a,,) tbla eoaplli« «111 dataralao tba alga
or tba avaragad ooupllac.
Tbhararora *K(P8a”) la poaltlva aad
~N(PSa”™) la aagatlva
*J(* »9a»»Pt)
* I8 PL) - t«t*IJFFWFF*BaN) )»*J(FFFPtN**8a,,) (4.3)
avaraca L
4
ir ta ooopllaca to 8a”~ aad 8a” bava tba aaaa alga tba avaragad
ooopllag ooaataat aquala (18064 Ha.

ir tha ooopllag to 8a” aad 8a” bava oppoalta algaa tha avaragad
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conplInc ooMtut «qiwla * laSM Hi.

Tha aiparlaantal avaraga aalua af * 1S444 >s eaaparaa aoat favourably to
tiw caaa «bara both eoapllng coaataata bava tba aaaa alga and

tbarafora *K(PtSn") la pealtlva and

*K(PtSa”) la poaltlva
aj(11>g,117to)

Tba oaaa of NJ(***8**"Sb) la aera ooaglleatad tbaa tba otbar tao. aloca
oet oala ara tba oauplloga avaragad, bat alao tba tao dlffaraat tla
altaa bacoaa agnlvalant at roca taaparatnra.

Tbara ara tbraa poaalbla tIn to tlo eeopllag coaataata tbat lovolva
at laaat eoa *”®8o0, to ***gan_ 117. to ***80, . aad ~**So,
to “ »g.« Moraovar lo tba avaragad rooa taoparaturo apoetroa tba
axial aad agaatorlal tla altaa bacoaa aqulvalaat, tbaraby raaovlag tba
N**80N  to coupllag.

FI0. 4.1 Tla Sltoa la (FtCPgtjHgBCl,)~]8"

Sa.

Olvoa tbat tbho coupllag froa aa axial ™M™Sa to aa aqaatorlal ***Sa
la tho aaao aa that for aa axial ***8a to aa aqaatorlal tha
avoragod rooo toogorataro coupllag cad bo datoralaod bg coaaldorlog tho
poaalbla arraagoMMta of too apla */t tia aaolal la tba foor poaalbla

tla altaa (aboaa la tbo Flg. 4.1 glvoa la tabla 4.1).

us



Tabl« 4.1 fo— Ibl« Arra— — Mt« of tiw «pl» */t Tl« lhicl«! in HO 4.1

81ta ooeaplad eaapllag arlalag

lat Tla  lad Tla . o0 (sq) *J(8a"-8a,,)
1 8 /
1 3 /
1 4 /
2 3 /
8 4 /
3 4 /
Total =m 3 3
TiMrcfor«
*J(***S/\*’S«) -
»J(* *aaN-**"Siin) ¢ “4.3)

Olvaa th« megaltiid«« of tlic avaragad ooapllac aad of *J(***Sa”-
“ ’sa.,), *J(* ’8a, -“ *8a,,) aad *J(* ’8a.,-“ *8a”) mwt ba of
oppoalta Olga, wlth tha largar ooapllag balag poaltlra.

Tha aatallltaa dao ta aalal ta agaatarlal tla-tla eoapllag aa tbha
aqaatarlal tla raacaaaoa (tha aaat lataaaa paak la tba tla apactroa) ara
laaa lataaaa thaa thoaa dao ta ogaatorlal ta agaatarlal eaapllag. Tbla
pravaata tbalr dotoetlaa daa ta tba aigaal ta aolaa ratla abtalaad. It

la axpoatad tbat tba ogaatorlal-agaatorlal eaapllag will ba largor tbaa

thba agaatarlal-aalal eaapllag: tbla woald glwo

8880 - IsOtt - *J(“"*8a,-"*’8a,,)

*J(/\**aa/\_*/\'ga”) - -8888 la

U4






4.9 (pt(8m:i,),(p(0it)3)al-"

i(*lp) «(“ 9%) «(»*“ Pt)

77.0 -117 -9334 19993 3990
aj(“ *On»’on) *J(“ ))99«P) (tMp _SO-C)
19394 314

A) 31

01339

m01«
01399"
91

009p9r1909 of tigna *K33Pt™ / KPPt

Obaarttd nuolant */P

990 Mm
1 2 3 4
Irrndlatad nnoltna "~**99
3970 Ha
1.2.3 4.5.6
LI9t 9t Mhleh Irradiation LIna(a) partnrbod

la appllad
“ .99 3 9p . 3
1»9n 0 9Ap 5 4
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*KSnjPtp IM« the «aae elgn as *KP Pt(.*°
(eve) («va)
Coapariaon of aim *KSnjP™ / *K8iigPt(.

Obaarved nucleua "P

3S0 Hi
1 2 3
Irradiated auclaua ~**Pt
2370 Hi
1 2 3 4 S
Line at Nhlcb Irradiation LIna(a) perturbed
la applied
*RRPt 2 **P 3, 6
»Wpt 3 « P 1. 4

~KSiigPt™ and ~KSngP~ bava oppoalta algna

(eva) (-va)
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B

Coaparlaon of «lgna ~KSn”~Sn, / *KSnnP"

Observed nucleus

2.3
Irradiated nucleus ~*Sn
Line at iriilch Irradiation Line(s) perturbed
Is applied
“ esn 1 3lp 4
“«Sn 2 31p 1

~RPASNng and "KSn~ng have oppoalte signs

(-VS) (»ve)

lag

2744 Hz






LIm at atileh Irradlatloa Llao(a) porturbod
awllod
‘«8a 1 «P 1. 3
ffesa 4 *pP a 4
aod *RWigSii(« hv* tb* «Ign
(*«) i*v)

Coapu-Isoa of oigiw

Oboorvod Buoloos

(Sm  ne.4._XXI)

1 2

Irrodlotod nnoloM

90

Llaa at ahlob Irradlatloa 1.laa(@) portorbad
la appllad
“»«h 1 *p 3. 4
“owl 4 «P 1. a
*SRlij and hovo oppoalto algu

(400) (-00)

130

Hs



4.11 Cla- (Pt(PPIi,), (Pol>1i3)ni] 1L

6(»»P) 1j(31pl05pt, 2j(31p307,7
Pill to Pb 30.3 1907.8 300.0
23.0 3834.0 3401.9
«(**@Pt) 6(*®"Ph) 1j (190pt307]
-103 -90.0 19374
31
A b« 4
------ US| tp------PbPhj

n

Compwloon of olgna *KP*Pt(; / *KP~P, ond ~KPgPtc / »ICP"P,
(Soo PI10. 4.XXII)

Obaorved noelaaa "*P

307 Ha

1.2 3,4 5,6.7.8

Irradlatod nnoloua "**Pt

613 Ha
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LIm at Mhlch Irradiation

la applied
196pt 1
196pt a
1*Vt 3
195pt A

KP*Ptc»0 and »ICP*P,
(#V0) (-va)
and »KP*P,

(eva) (-va)

LIna(a) porturbad

*1P/\

N

» pa

132
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B)
S “ iPbcPhg

Ph

CoapMlton of olgna "KPan"B > *"CHA & *AB / " eePb
Obaorvod nuclaua

288 Hz
12 3.4,5.6 7.«
Irradlatad nucleua ""Pb
465 Hi

12 34
Lina at ahlch Irradiation LIna(a) parturbad
la appllod
aoTpb : **px 1,7  *lpj 4. 6
»®»Pb 2 *\p* 2.8 @®lpg 4, 6
2®7pb 3 **kpx 17 *1p, 3.5
»»Vb 4 **pA 2.6  *lpj 3. 8

AnpPg and *™Pbg hava oppoalta algna

(-va) (»va)

~KPa”b and ~KP~Pb” hava tha aana algna

(-wa) (-wa)
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31
9 Pb«”3

Ph,*‘p*——- ipbjjPha

C(Mparl«on of tigni ~KP*Ptf. / *KPtcPbo and ”~KPgPtc / ~KPtcPbo

Obterved nucleut 3"p

S33 Hi

1.2 3,4,5,6.7.8.9.10 11.12.13.14 15.16
Irradlattd nucltut "~Pb

1641 Hi

1.2 3,4 5,6 7.8

Tim abovt tchMMtlc dlagraa thoM th* 1*~ lattllltM of tha "~ Pb
tpoctrun. Thaaa aatallltm ara not ayaaatrlcally arraagad about tha
aaln *®’pb paaka (dna only to eonpling to **P>! tba poaltlon of Nhlch la
aarkad "X* In tha dlagran. Tha “*Pb aatallltaa of tha **~t apactrua
ahoN a alallar dlatortlon. Thia la cantad by aaeond ordar affacta
batMoan *®"Pb and I*GPt. Tba larga nagnltnda of *J(**®Pt*®"Pb) naana
that, although tba eonpllng la hataronnclaar, »han coaparad to tha
dlffaranca bataaan tba raaonant fragnanclaa of *®"Pb and I*@Pt, tha
oonplad apactra anat ba Intarpratad aa balng dna to aa AB Inataad of a
AX typa of Intaractlon. Tba aitant of tha aaeond ordar dlatortlon
dopando upon tha alia of tba aagnatle flald of tba M.N.R. apaetroaator,
linea tha largar tha aagnatle flald, tba largar tba dlffaranco In
raaonant fragnanolaa. Tha **’pb and "**Pt apactra Maro rocordod on a
M.N.R. apaetroiMtar alth a dIffarant aagnatle flald atrangth to tbha
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ep«etroMt«r apo« vhleb tb* aultlpl« rcsoMno« MpcrilsMta «tra
parforaad. Aarafora tba paaltloaa of tha *~Pb Ilnaa ta ba Irradiata®
bad to ba oaloulatad, aot ooly to alio« for tba obanca la raaocaaat
fragnaaoy daa to tba aagaatle flald atraactb, but alao for tba ebaaca la
dlatortloa doa to aaooad ordar affota. Ala aetad aa a taat to prova
that tba dlatortloa was ladaad doa to botaroaaelaar aaeoad ordor affacta
aloaa aad aot laotopa affaota aa wall, aa baa baaa eoaatdarad

pravlooaly.Aa dlatortloe waa oalealatad nali« a”oatloe (4.4).

C e ((V**®Pt - Vv**” »)* & *J(***rt*@"Pb)*J" - 4.4
Nhara v**@pt - la.TM.PTa Bs
V*®"Pb - 1a.4aT.401 la

*J(~RPP®R\Fb) ia,3T4 1a

aad C la tba aapartloa glvaa la PI10. 4.11

fM. 4.H

Dlacraa of aa Al apaotrac«

i j (i9«pta0Tpb) ij (ioiptaoTpfc)

viMpt vM*pb
Oalag tha abova valaaa la aqaatloa (4.4)
C - aeiTM la
Aarafora aiaoa
**@Pt - *®"Pb - MOSTI la
X e 8M3 la
Y - MSI la
Slaea boA *”~Pt aad ara also eoaplad to tha dlstortad

poaltloas aroaad v~ A, oaloalatad la taras of X aad Y, ralata to tha
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position* of first ordsr aultlplst* duo to oouplInf. Th* sucosssful
uss of the cslculatsd 1lns positions provsd that only second ordsr

effects are responsible for the distortions observed.

Line at Mhlch Irradiation LIne(s) perturbed
la applied
»»”Pb 1 »<-A 1. 9 3lp, 4. 8
« ’Pb 8 8. 18 3lp, 11. 13

and *KPt(.Pbg have the saae slfn
(eve) (4~e)
*PgPtg™* and ~"KPt~bp have the saae sign

(eve) (+ve)
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LIm

ap*ptc*

(eva)

(eva)

at Mhlob Irradiation

la appJlad

«»Pt
«*Pt
«»Pt
»e«Pt

A W W R

and “kPaPj
(-va)
and «KP/P,

(-va)

=pjA
e*p*
**pA

**P/\

Llao(a) partnrbad

a. 3
1.
a.
1, 7

**P,

8*Pg

w w e

o o1 o o



D)

31

CoapcrlsoB of «IgM / *KP*Pg sBd ~gSB~.

ObBBrVBd BBOIBUB *~F

1.2 3.4.5,6

IrradiatBd aaolaua H*Sb

(-va) (»va)

~KFFg aad ~KF~Sa™ bava tha algaa

(-va) (-va)
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164 HI

7,8

364 Ha



0 3L,

Ph, »»PN——--125i 1"Lg’SBOF’thOPh,

Coaparlaon of alfiio "SbqP”~ / "RSnoPtc

ObMrvod ttuolouo

369 Bs
1.2 3,4 5.6 7.8
Irrodlotad nnoloua "**Pt
3081 b
1 23 4 5 6.7 8
Lina at ahlcfe irradiation LIna(a) partarbad
la appllad
»«Vt 1 "Pa a. o0
»“ Pt 9 3.

~KSoqP”™ and *R8ngPt(. bava tho aaaa algn

(eva) (»va)
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D

Ph, 9P A cmemcme e SNPti2***8noPh3

1) Coi~rlton of olgno *KPa™: f ** "10AJKIII)

Oboorvod ouclono *"p

81» as
1.2.3.4 5,6.7.8
Irrodlatod nucloiis
838 Hs
12 3 4
Lina at ableb Irradlatloa Llaa(a) partnrbad
la applied
1**8n 1 1, 8, 3. 4
“ *8n 4 *NQNA 8.9, 7, 8
*KPAPt(j”N and ~KPtcSiy havo tho aaM alfa
(#»a) («=va)
8) CoivarlaoB of olgaa "KPI™Bq / N a**D
Obaorvod nuolooa ~*P
819 Hs
1,2,3,4 5.6,7.8
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Irradlatad dholmm 1WA

1 2,3 4

Lina at Mhloh Irradiation

la appllad
*»»Pt 1
**@ft 2
AKPtASBQ aad "KP~Sbq have th*
(ow) (o»#)

142

5 6,7

LIna(al

npx

alga

8

partorbad

TT5 Hs



4.19 (Pt(SaPh3>2(ni2pPc2napryt T

@*P)  «(**90)  TCUGPY)  [JOTFREPY)  *I(¢ *taPE)

T -M.8 »IT 1 aa»3 9649
u 142 1811
» 19.
98380---1t

Phj»n4-C8F

Coaporloon of olgno "*Pg f ~ 480" aod "~Pg / *Kp380(

Oboorvod oaelooa *"P

188 Is
1.2 3.4 5.6 7.8
IrroAlatod ocoolom ***8p
319 Hz

12 34

Tbo labollod onclol lo tho abovo dlagraa fora aa AA"X apla ayataa
(aoo Chaptor 8) (A.A"™ - *7"Pj X - "**8a). lomvor tbo X apootroa
raaaablaa that of aa ANX apla apataa. Thla la baoauaa tba lataaaltp of
tha tao dataaarata llaaa. paaltloaad eaatrallp batwaaa tba tao N llaaa,
ara aofllglbla, aad oalp tbha 8 aad 8 Illaaa, ableb bava alallar

lataaaltlaa, ara raaolvad la tha ***8a apaotroa. Tbla laada to aoaa
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~NooafMIM u to Mkloli p«lr of 1loM (iMMr or ootor) oro tlw H oiid Nkloh
oro tlw S 11iMO. Ronco tho rolotivo cigno of J(AX) nnd J(a "i ) eannot bo
dotomlnod noroly fron analfcli« tbo apootna, no la noraal nlth nn
AA"X apln ayatoai. Tbo AA" part of tbo apaotma la ooally dotoctod
yloldIng dlractly a vaino of J(AA"). Tbo nnnanal natura of tbo apootma
la aaplalnod by tba faot tbat tba nacnltoda of J(AA<) la vory OMII abon
ooaparod to N and L (aaa agaatlona 3.1 and 3.3) and tbarofora agnatlona
(3.4) and (3.6) oan ba affactlvaly raplaead by ogaatlona (4.8) and (4.6)
raapaotlvaly.
6 - L 4.8)
0£ - bL (4.6)

Thbarafora tiM aagnltndaa of tba tliraa oonplIng oonatanta oan ba raad off
tbha *MP and ***8n apaotra dlractly, aa If tba ayatan «ara Aia (and
alnllarly tba algn dotaralnatint anltlplo raaonanoa aaporlnonta oan ba
affactlvaly Intarpratad In tba aaao uay). By anoeaaalvaly Irradiatil«
all foar llnaa In tba X apaetma and obaarvinc tba AA" apaotrua, not
only ara thba ralatlva algaa of tba eonpllnc oonatanta datamlnad. bnt
alno tha N and 8 llnaa can ba aaalgnod. Thbha raanlta oan ba Intarpratad
alth tba ald of tbo anorgy lavai dlagraaa glvon In FIO. 3.X and FIO.
3.XI. Boaavor tba laballod aebaaatlo dlagrMO of tba X and AA® apaotra
oannot ba appllad to tbla oaao. If tbo Innar palr of llnaa In tba X
apaotrua ara tba X Ilnaa. tban FIO. 4_1lio tlvaa tba appropriata
aebaaatlo dlacraa of tba apaotra. In tba otbar oaaa, nbara tba ontar

Ilnaa ara tbha N llnaa FI0.4.111b la appropriata.
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<« <«111 =ch- ticdImMw of M AAK == fltw

n NS

7.4) 5,2 3.1
A(AS)
b)

By «nalninc tbc CMrgy lcvcl dlacrcM la PI0. S.X aad PI0. S.XI,
It eaa be cmb that Irradlatloa at tba fragaaaey of aap X traaaltloa
«111 parturb foar AA" Haca aad bccaasc tba aaabarlac of tbha Haca la
dlffaraat la P10.4.111a) aad b). tba aaalgnaant of tha M aad S Ilaaa eaa
ba daduoad frea «blcb foar Ilaaa ara partarbad la tha AA" apaotraa «baa
aay oaa X traaaltloa la Irradlatad. Proa thba raaalta It eaa ba aaaa
tbat PIO. 4.11la) abo«a tba oorraot aaalfaaaat aad that tba larter
*J(***Sa”P) la of oppoalta alga to tba aaallar "J("**8a**P).

Altboagb tba ralatlaa algaa of J(AX). J(A"X) aad J(AA") eaa alao ba
aatraotad bp oalag tba AA®X aaarfp laval dlatraaa to latorprat tha
raaalta, aa atatad aarllar tba raaalta oaa alao ba ooaaldarad aa
darlvIBC froa a paaado ANX spla ayataa (A.N - **PtX - ***S3) «Itb tha
Iw*r foar hboo balag dao to A traaaltloaa J(AX) la tabea aa tha
aaallar *J(7**0a*"P)) aad tba catar foar Haca daa to M traaaltloaa
J(NX) la tba largar *J(7~*ga*7p)). nia laada to tba aaaa ooaelaaloaa,

bat aakaa latarpratatloa aaalar.
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Llaa at ablob Irradlatlaa LIBO(a) partarbad

la appllad

“ ebb 1 1, 7 «P, 4. 8
“ ebb 3 a. 8 «Pp 48
“ ebb 3 1. 7 3, 8
11Bta 4 a. 8 3, 8

b«v« opposlt* «1gM
(V)
~KPgSa® tav* tb* M M algu

(-V») (@)

B)

1) CaaparlIMA of algM ~KPt*jSag / "V~Bbq aod *KPt(;8i” / ~RP/Biiq

ObMrvad anolana Bli

338 Ba
1.2 3.4.5.6 7.8 9.10 11.12.13.14 1S.16
Irradiatad aaolaoa
1778
1 2 3 4 S 6
SlBoa tha Boclau In tba aolaocala la eaaplad to both

aqually, ao fortbar aoooad ordar affaota ara latrodaoad lata tba 31,
apoctriia. lo«orar, tba praaaaoa of oaa ll*sa la ragalrad ao that tbho
two ara aagnatloally laagalvalaat and tba ragalrad alga eaaparlaaaa

oaa ba oarrlad oat.
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4.14 (P, (u-tfppa),(8acl,),] 't

-a
*p) (*“ *sn) 0 PY)
-S.0 45.0 -033.4 at44 105
*j (~*p/*Pn)
45.9 ao.s aet.e

“ e8a»” pt)  aj(* »8n»*“ Ft)
iitta 0STO Tt0S

This ooapouBd flvss eo”lsx spsctra for all tha aaolal asatlonad
abovs. Tha aatnral abundanea of thaaa nuolsl (**P:100*,
A*8n;8.SM) laad to a aaabar of dIffaraat laotopoaors ajdilblting a
varlaty of apla systoM, aad tha obaarvad spaetra ara tba soa af tbs
Indlvldaal spactra fra* aaeb laatopoaar. By aaalyolat tbasa spaetra tbs
meftltt4a, aad la soaa oasas tba ralatlvs signs, af tba oaupling
eanstaats can ba darlvad. Boaavar, la oartala easas It aaa nsesssary to
parfom aaltlpla rasonanoa sxpsrlasnts to dstoralaa tbs signs of eartala
oooplIng eaastants aad to assign atbsrs.

Firstly MS eonsldar aolseulas «itbaot any spin \ tin naolal aad

with altbar saro, ana or t«a ***Pt nnolsl ** as shown In rio. 4.IV.
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PIQ. 4.1V leetepewrs ot (Pt(]i-dppaM8aCl3)]2 contalalnt 0-a *~Pt

nncl«l
) by (A) VAN
Pt----Sn 8b-1»
u)” f.
31p(A-,
&)
3 s~ *Sn
s t
@ kpgA )
Tha spaotrnn ot apselas a) la a alnclat, alnca ail four

piMMphorna ara agnlvalaat. bat apaalaa b) and a) glaa aora eoaplaa
apaotra owlag to tha nagaatle iaagalaalaaoa Introdacad bp tha praaanca

of ***Pt. Tha laballad noelal in apaelaa b) fora an Aa" " a""x apln
apataa and alth tha aaeaptlon of J(Aa "), tha eoapllag ooaataata eaa ba
aaally oaloalatad froa tha "P apaetma la taras ot a aaabar nf
paraaatara (N, L, J(AX), J(a" x), ahlob ara laballad an tha ~"*P apaetma
abaaa la PI1Q. 4.V, and tbaaa ara glvaa by aquatlana (4.7) and (4.3)
J(AA ) ¢ J(AA ) “@.7

L - J(AA ) - J(AA'") 4.3)
J(AX) and J(a x) eaa alaa ba abtalnad dlraetly fma tIM I**Pt apaetma
ai thla laatapaaar ahleh appaara as a slapla triplet ef triplata.
Spaelas a) feras aa Aa"a"a""xx" spin systaa aad Its ~*P apaetma
cantalna tae mlatlaaly Intansa Haas laballad by tba aaparatlaa =" la

P1Q. 4.V ahloh la glaan by agnatlan (4.9).

g7 - J(AX) ¢ J@ %) 4.3)
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SInc* tb* MgnltudM ef J(AX) «nd J(A X) «r* «lrcady ioioka trom tiM

eulytla of tiM epMtriM of «pmlIn b) ud alnc« |n7 la agiial to
[J(AXY) - J(A X)] , tha tMo eoupllng oonatanta *J(**P***pt) and
*J<**p>**pt) ara of oppoalta algna. Slaea *J(*"P***Pt) la alnaya

poaltlvanr. It follom that *J(**P***Pt) la nagatlva. *J(**FPL**F*Pt)
oannot ba dlraotlp obaarvad, bat oaa ba oaloalatad fron aaoond-ordar
faatnraa In tha *”~P apaotran of apaclaa 0). Baaldaa tba tno Intanaa n*
Ilnaa, a nuabar of Haakar llnaa dna to apaelaa c) «ara dataetad la tha
®*P apaetma and ara aarkad oa tha **P apactroa In Pie. 4.Vl. Ualag tba
valuaa of tba otbar eoopllag oonatanta alraadp datamlaad. froa aaalyala
of tha apactra of apaoloa b) and e), tbha and apactra «ara
calonlatad ualag tba pravlonaly raportad vaina of *J("*®Pt*@@Pt) (T638

Tha Ilnaa In tba ealcnlatad apaetra dld not oolnclda wltb tha
Ilnaa In tba obaarvad apactra. Tbarafora In ordar to obtaln a fiora
aconrata vaina for tba nagnltnda of *J(**@Pt**®Pt), an Intaraetlva
ealcnlatlon nalng a ooapntar progran baaad on LAOCOON «aa parfomad
nalng tba poaltlona of tba Ilnaa narfcad on tba ~P apaotrnn In PI10. 4.VI

and allowlng only *J("*@Pt"**Pt) to vary*" fron an Inltlal vaina of 7800

Ha aftar flva Intaraotlona. a vaina of 7008 Ha for *J(***Pt"*"Pt) «aa

obtalnad. Tha **P apaetron «aa thban raoalcnlatad a nnnbar of tlnaa
ualng valuaa of *J(1*@Pt***Pt) nbleb variad by dIffarlng anonata. It
«aa fonnd tbat a chango of Ha In NJ(**@Pt**@Pt) raanltad In a

of abont 1 Ha la tba calonlatad poaltlona of tba ®*P llnaa naad for tba
original Intaraetlva ealonlatlon. Slaea tba poaltlona of tba obaarvad
Ilnaa eonld only ba datamlnod to tbla aoonraey, +80 Ha raflaeta tba
arror In tba nagnltuda of *J(**®Pt***Pt). Tbla nay aaan larga, bnt la a
eouplIng eonatant la tba raglon of 7800 Ha. tbla la not algnlfloaat and
alnoa tba conponnd la flnetlonal, tba nagnltuda of tba eonpllng eonatant

la probably tanparatnra aaoaltlva aa «all. PIO. 4.1 abona tha obaarvad
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and apactr« coaparad to tba apatra calculatad froa tba valut
of *J(***Pt**®Pt) dataralnad. Tabla (4.a) «lvaa tha anargy lavala
darlvad fraa tba ealeulatlana; tabla (4.3) thba aalealatad *"P Ilaa
paaltiana, and tabla (4.4) tha aalealatad IIna poaltlena. Baeh
Ilna la eroaa-rafaranead ta Ita aaaaelatad anargy lavala and la alaa
eraaa-rafaranead ta any pragraaalvaly er ragraaalvaly cannactad
tranaltleaa.
algn af "J("@RPt*®®Pt) eannat ba darlvad er aalealatad fraa tbha
analyaia af tba apactra and ragalraa a aaltlpla raaananea axparlnaat far
Ita datamlnatlen. Aa nantlenad abava tba N* llnaa ara tba naat Intanaa
In tha **P apaetran af apaolaa a) and tba algn af N* la knann ta ba
paaltlva. Pma tba aalealatad apaetra la tablaa (4.3) and (4.4) and tba
lavala la tabla (4.2), It ean ba aaan tbat tbaaa lIlnaa am daa ta
a naabar af daganarata tranaltlana. Of tbaaa tranaltlana a nonbar abam
anargy lavala wltb vary aaak onobaarvad ***Pt tranaltlana, nhleb appaar
at tba axtranaa af tba ***Pt apaetran af apaelaa c) and bava tbalr
paaltiana dataralnad by a nunbar af onapllag paranatara Inelodling
*JC**Pt***Pt). By Irradlatlng at tba fragnaney af ***Pt tranaltlana
and abaarving tba affact aa tba N* 1llnaa In tba **P apaatrw tha
mlatlva algna af *j(**@Pt**®Pt) and n" ean ba dataralnad. Tha naat
aultabla ***Pt tranaltlana am nunbara 76 (v***Pt - 3781 ta) and 126
( v***Pt ¢ 6781 Ba) in tabla (4.4). Bach la eanaactad ta **P
tranaltlana nhleb am eanpananta af aaa B* Ilna anly. LIna 78 la
cannaatad ta tha *P tranaltlana 16 and 22 (v~*P - 1266.8 Ba) and llna
126 la cannaatad te 49 and 86 ( Vv**P * 1269.8 Ba). Thaaa
caanaatlvltlaa am baaad an aalealatad apaetra nltb *J(***Pt***Pt) balag
paaltlva. IT tha ealealatlena am mpaatad nltb *J(***Pt***Pt) balng
nagatlva tba eannaetlvlitlaa am ravaraad. Tbamfam by Irradlatlng at

tba fragnaney af tba aalealatad paaltlan af ana af tbaaa anabaarvad
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33
34
33
24

2t
29
30
31
32

4737.tS It
34S5t«3317
3313.1317
3032.0317
3009.4317
31M.131t
3113.4311
2074.3391
1742.3311
1719.9311
1330.7034
919.3317
844.1311
493.0317
470.4317
-330.1412
3111.1311

-$414.0933

3421.4991
2330.7704
1994.1737
1973.3391

-3133.2331
-3924.1424
-4271.0224
-4299.3391

2917.1401
2914.4924
2141.3740
1742.3317
1739.9311
1330.9194

CALCULATCO CNCtUY wur.ci.s

37449
37313
34937
37441
37441
34939
34173
37440
37377
37314
34934
34172
34921
34143
37374
34144
33333

4411
33332
33343
33219
32141

4410

4473

4417

4149
32133
32777
33211

4472

4414

4409

156

33
34
33
34
37
31
39
«0
41
42
43
44
43
44
a7
48
49
30
31
32
s3
34
33
34
37
31
39
40
41
42
43
44

3430.7499
*4042.3932
*4044.9934

-4431.4241

-4342.3543

-4347.3321

2421.4919
2330.7701
1994.1737
1973.3392
-3133.2339

-3924.1423
-4271.0227
-4299.3393

2111.1311

-3414.0933

=330.1412
919.3311
44,1311
193.0317
470.4317
2111.1317
2113.4317
2074.3391
1742.3311
1739.9311
1330.7037
3431.3317
3313.1317
3032.0311
3009.4311
4727.1311

4141
4141
4103

33211

32140

33344

32774

33210
4104
4097
4401

32749

32832
4140
4094

32741

383
314
377
321

73
374
320
313

72

43

44
312












tranaltlona althar trwHItioaa 16 aiid aa or 49 ud 56 will bo

porturbod, dopoadlax ow tbo olfn of *J(***Pt**~)_. By oualnlnc tho
Intoaoltlos of tho dogoaoroto troaoltloao wblcb ooko up «acb N*
lino. 1t can bo oooa that potantlally portvrbod tranaltlona (16. aa, 49,
96) ko up of 1 Intanalty.  Thoroforo tho
Intandod nultlpla roooaaneo oxporlnant will portnrb oaly */6th of tbho
affoctod m " lino at noat. In ordor to naxInlao tbo portnrbatlon cauaod,
and alnoo tbo pooltlona of tho rolovant **Vt llnoa aro noro aonaltlvo
to varlatlona In tbo nagaltndo of than tbo obaorood ~*P
IlInoa doa to apooloa 0), tbo naxIMM avallablo "**Pt Irradiation powor
waa uaod wltbowt eaaalnc undno latorforonoo. Thla aiporlaant la abown
In PIO. 4.VIlI . Irradiation of tbo high frognonoy ~**Pt lino portnrb
tho blgb frogaoaoy M* 1lino In tbo apoetrnn (and alnllarly
Irradiation tbo low frogwonoy **®Pt lino, portnrba tbo blgb froquonoy «~
lino). *J(C***Pt***Pt) la tboroforo poaltlvo alnoo m" la poaltloo.

Tbaro aro foar laotopoaora eootalalng ~**8n nuolol, aa abown In
P10. 4_.VI11 whloh oontrlbnto to tbo obaorvad apootra.
F10. 4.VI11 laotoponora of [Pt(p-dppn)(6nCl3)]a "«»tblnlng ono ***6n

and o-t i**Pt nnelol

) @O ___ ) ,) (A)Slp. .-"31p(A™)
® (N)
-Pt- =8n ***6n— 125 »t-——- Pt————— 8n
L)) (A)31p,"9yA", 9) (A)81781p(A” ,
0 ® N N)
119. t— 135t-—-8n 19-g,4 t— U fik —8n
31a a’") (A« 31P (A )
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Th* Imballtd nuolmw In «pccl«« tf) fora u Aa"a"™a""x «»In ay«tM
ead la prlaolpU ooa b* aaalp««4 la < slallar foahloa to «p*«!*« b).**
RoMvar diM to ovorlapplo« of liaos la th* «ad "**Sa «psctra It is
eeel«r to obUla *J(**P***Sn) ood *J(**P***80) froa «oalysls of tho
~**ta spootra of spoolos <> and T). potb apMlos <) ood f) or*
AA'A A NX spia systMM. Tholr spootra oooslst of doablsts of
triplsts of triplsts. Tho trilplsts of tripleta aro IdMitloal for both
epaelaa aad ylald valoaa of *J(**F***«0) aod *J(*"P"**8a) dlrootly. Tha
doublat apllttlaga aro glvaa by "~J("™**80"**Pt) aad *J(***8a***Pt)
roapaetluoly for apMtlaa a) aod f). loMvar It la oet poaalbla to tell
froa tba ~**Sa apoctrua oblob of tbaaa too platlana-to-tlo couplling
vainas la tba oaa-boad aad Mbloh tba tuo-bood oonpllng eoaataat.
Spoelaa x) lasa AA A MX apla ayataa aad tba oaly Haas datactad,
ableb ara dna to tbla apaolaa, ara la tba ***8a apaetma abom la PIO.
4.1X . Tha coopllaga *J(***8a**p) aad *J(***8a**P) glva riaa to tha smo
triplat of tripleta atructura sa for apaolaa a) aad f), for tba tin to
pboapboma ooupllac Intaraotlon. Nowavar tbla MItlplat atmotara la
furtbar apllt by thba tla-to-platlnua lataraotloa. Tbla faatara oan ba
daaerlbad wltb rafaraaoa to tba Aa x apla ayataa** daaorlbad la obaptor
S (azoapt bara A.a ® - **@Pt, X - ***8n). Tha tas aaltiplata aaan la
tha ~"**8a apootma oan ba traatad aa tba N Haas la tba X apaotma of an
aa"x apla ayataa. Tba aaparatlra bataaon thbaaa tao aaltiplata la
tharafara flvm by [*J(***Sn***Pt) ¢ *J(***8n***Ft)|.and alnoa. froa tba
***8n apaetma, tbla agMla [NIC**ma***Ft) | ¢ | *I(**8n***Pt) |
thba algna of *J(***8a**@Pt) aad *J(***8a**@Ft) ara tha aaaa.

In ordar to aatabllab tba abaoluta algas of tba abova tao ooupllag
oaoataata, It la naocaaaary to mista tba alga of altbar of tbaa to tbha
elgn of ona of tba oonpllaga t*J(**F***Ft). *J(**F***Ft), or

*J(***Pt***Ft>] abosa algas bava alraady baan datamlnad. Tbla ragaltaa
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a Miltlpla raaacaaea axparlaant aad two auch poaalbla asparisaata Mili
alao glva tIM abaolata — IpiainT of *J(**8b**~) and *J(***Spb**~") .
Both Involva apaolaa a) aad f), aad uaa *J(**M**ft) aad *J(**P***pt) aa
tba eouplInfa of knoMB alga. Tha apaetra of apaolaa a) and f) ara
diffaraat, altboogb tbap darlva froa alallar apla ayataaa aad laaolva
tha aaaa eoapllag eoaataata. la tha tMO poaalbla aaltlpla raaocaaaea
aaparlaaota tha ala la, for aaeh laotopoaar, to aaaoolata togatbar Ita

aad *1*$a apaotra, tbarabp aaalgalag *J(***ga**@Pt) aad
J( Sa ®®Pt), Tba @"P apaotra of apaolaa a) aad T) caa ba coaaldarad
aa "ftSa aatallltas of apaolaa b). la apaolaa b) tba t«o pboapboraa
aaolal laballad (A) aad (A ) ara aagaatloally laagalaalaat to tboaa

i~ ) @ )> All **P traaaltlMia ara oaatarad arouad

\?*P, bat traaaltloaa daa to ®‘p (A) aad ( ") appaar aa tha oatar
aaltlplata aaparatad by ~J(**pl*@pt) (aaa PIG.A.V) and tboaa daa to **P
(A ) aad (A ) appaar aa thba laaar aaltlplata aaparatad by ®J(®"P"**Pt)
(aaa PI10. 4.V).

Bacb aat of **P traaaltlmu baa aaaoolatad tia aatallltaa daa to
botb apaolaa a) aad f). la apaolaa a), *J(**P***8a) la aaaoolatad MItb
tha ontar (*J(**P**@Pt)) aaltlplata aad *J(**P***8a) altb tba lanar
(2j (91pl1*Sa)) aaltlplata, aad la apaolaa f), *J(®@P~**8a) la aaaoolatad
MItb tba lanar (*J(**P>*@Pt)) aaltlplata aad *J(*Ip“ »Sa) MItb tba oatar
(*J(*V*@Pt)) aaltlplata.

Oaa of tba poaalbla aaltlpla raacaaaoa aaparlaaata oa tbla ayataa
la to Irradlata at tba fragoaaolaa of thba triplata of triplota la tha
"ﬂ apaotroa daa to apaolaa a) aad f) la tora aad obaaraa tba affaota
oa tbha **P apaotroa. Thara aro bONoaor oartala draabaefca to tbla
aaparlaoat. Alao praaaat la tba oboaraad **P apaotroa ara liaos dos to
apaolaa alallar to apaolaa a) aad f) aaoapt tbay eoatala **"Sa (apla b,

oatoral aboadoaos T.M) laataod of *“ »8a. Thboaa llaaa oaarlap MItb
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tbOM do* to apooloo 0) aad f) aad eon olMcoro My portorbotlon offoeto
cauod by tho ***8b IrradUtloa. Tho othor pooolblllty la to Irradiato
I1Ma doa to apaelaa a) and f) and obaarva tbo ***Sn apootna. In
thbo avant of latorformoo probloM ooMod by tho proxlalty of tha
and ***8n frognaaolaa, **"8n cm bo obMrvad iMtaad alnoo Ita fragnancy
la fortbor atay froa tho **P fragMaey (Any raault obtained for **/8n
la aMlofoaa to tba ***8n rMult). Tbora aro four poaalblo Mta of
119/117," ««tPII1tM In tba **P apactna ublob ¢cm bo Irradiated and
thoao, aboMu la PIO. 4.X om bo daaorlbod la torm of tba nnelal
Involved and tho oouplln« oonatMta «blob datanilno tba fraquonoy to bo

Irradiated.
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£Ifl. 4.x ArriMWMti of ooM»l«d niieltl wfcleh «lv rl«« td il- , du. t»

N**8p «ad M*Pt oowpllB« la tiw »p«ctnw
1) 31, 2 31
»»esa-US«. TWfci_i»Pt.
»J(»»P»Wpt) ¢ aj(»V«8a) ) 2j(31pIMpt, ~ 3j(31pll9,n,
3) 9ip 4, 31p
SRY-Y: [— “ e Itfpt
V31NN 1 (31plISBpt, ~ 3j,31plls, ., , V31p~( aj(31pl9gp”, ~ Sjraiplisgh,

PI0. 4.X 1) aad 3) lavolva apaclaa a) aad PI0. 4.X 3) aad 4)
lavolva apaelaa f). Tba two Irradlatloa aaparlaaata dascrlbad bp PIO.
4.x 2) aad 3) wlll eaaaa tba oollapaa (or parturbatloa) of tha triplat
apllttlac cauaad bp <j(®“p*»»8a) la tba affactad tla aaltlplat. Slaca
tbla apllttlac la ralatlvalp aaall ooaparad to tba apllttlac caoaad bp
2j(SIpl188a), battar raaolutloa la ragalrad la ordar to dlatlacalab aap
arraet oa tba tla apaotna. ooaparad to tba aaparlaaata daaerlbad bp
P1I0.A.X 1) aad 4), ablcb partorb tha *J(**P***8a) triplat apllttlac.
Alao la aaparlaaata 2) aad 3) otbar ***~“ Tsa aatallitaa daa to tba OMa
apaelaa ara ralatlvalp eloaa, balac aaparatad bp <j(* p***8a), ablob
Ilalta tba <P irradlatloa powar tbat eaa ba aaad altbout affaetlac tba
otbar aatallitaa. PIO. 4.XI a) abowa tba raaolt of Irradlatlac at
V*F*P-% | *J(**PA**Pt)| ¢ |eJ(=*P**«8B)|). aa daaerlbad bp P10.4.X 4), aad
obaarvlac ***8a. Tba blcb fracaaaep laaar ***8a aaltlplat la partarbad.
provlac tbhat tba aaallar tla-to-platlaaa eoapllac (8370 Ba) la

ej(***8a***Pt) aad tbat x(SaPt) la of oppoolta alca to *X(PPt) (l.a.
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116580

M

a) llgSa apactna wltli Irradlatioa at
VAP-KFI(NMVIN )| ¢ I(MV 7 sb)|)

k) ~~7Sa apactna with imdlatlaa at
V«M< W 5p)] *IW» "sa) | )

c) "**Sa apactnai wlthott imalatlaa
1M

L)



*K@iiPt) la (eva)T [*JI(* *8n**@Pt) la (-va) alnca T(»**sn) la (-va)]).
Tha parturbatloe affaot obaarvad la a cbaaga In latanaltlaa of tba outar
e<Mponanta of tba triplat aplltting eanaad bp "J("*P***8n). Hlgbar

Irradiation powar oonld not ba uaad «ltbout oaualnc undua alactronilc
Intarfaranea la tba ***8n apaetrw. Tbarafora for tba aaparlnant
doacrlbad by PI10.4.X 1) tba apactroa nna obaarvad nhllat
irradlatinc at "p, (| 13 8Ipl»8p~™, | ~ jaj~SIplIT,.)! j Ibla allowad
blgbar **P Irradiation powar to ba naad and eanaad tba lom fragnancy
ontar ~*78n nnltlplat to ba apllt to ancb an entant tbat It conld not ba
dateetad agalnat tba baaa-llna nolae aa aboan In PIO. 4.X1 b).
fe>*f*foro ~J(™M*8n~*@Pt) la tha larga tin to platlnun coupling (11888
Ha) and *K(8nPt) la tba aaaa algn aa *K(PPt) (l.a. *K(8nPt) la (»va);
*JI(***8n*@*Pt) la (-va) alnca T(***8n) la (-va)J). Tbla agraaa wltb
tba raanlt datamlnad fron apaotral analyala, tbat *J(***8n**®Pt) and

»J(*“ »8nl»«Pt) bava tba aaaa algn.
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AK»nAr»fR* and *KSitgSn® bava tha aaaa alga.

(-*2) (-aa)

For raaaona of aaaaltlvltg aa imFT aagaaaoo aaa uaad to aeqalra
«1Q
tha Sa apaetraa, polarlaatloa traaafar balac affaetad fro« tha ortho
protoaa of tha phaapl groupa oalog tlalaga eorraapoadlag to aa aaauaod

*J(***8a*g) of «0 S«.
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4.16 DHowtlon

To faollltat* tka ratleaallaatloa of tba raaalta obtalaad for tha
traaaltioa aotal ooaploaoa la thla ohaptar, tboy «111 ba «Haeuaaad
farthar uadar fow hoadlnga. >J(n "hi) and »j(ii"-x)
(«dora m” - ***8a, N - *®*Kh; 1 - *«8a. **P. *m). ma
oonpllag ooaataata laaelaad la (PkjSal~Ta «111 tban ba dlaooaaad
falloalBC thla aactlaa.

4.17 *IAI-11)

lha abaalBta algna of tan *J( aao *J(* *8a-"®»Wi) aad
0BO bava baaa dataralaad aad ara glaaa la tabla (4.8).
la ail oaaaa tka radaoad oaapllag oaaataat la larga aad paaltlaa. Olvaa
that tba coupllag la doalaatad bp tka Faral-eaataot eaatrlbatloa, tkla
ladleataa larga ¢-orbital eaatrlbutloaa froa both k” aad M ta tba k"-k
boadlag aolaoular orbital”.

At flrat glaaea tka valaaa of *R(Pb-Pt) aad *K(8a-Rh) appaar
aaoaalooa, «baa eoaparad ta tba ranga af valuaa for *R(8a-Pt) la tabla
(4.8). 1g(Pb-Pt) balag appraolablp largar and ~K(Sb-lUi) appraolablp
aaallar thaa *K(8a-Pt). Ta a larga axtaat thla la daa ta dlffaraaaaa la
tka valaaoa (-alaotraa daaaltlaa at tka aaolaaa |Vx(0)]|*. goaavar «baa
adjoatad bp ualag ealoalatad valaaa af IT x(0) | * obtalaad froa tha
Iltaratara*”. tkara la atlll a dlaarapaaop bat«aaa thaaa tbraa

eoapllaga, «hleh la daaaaatratad la tabla (4.8).
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fbi» 4.5 *j(r-ii) —d

J(Feoct ee0)()  *R(Ptta) (b)

IEUt-trt(Mt,), (SaCl,),) -assit + MAT.0L*
1134« eiiM.m
£li-(ptci (M 1,) (P(ci,c,a4),).] -1vtl SIWT.SM
Ui-(rt(Pfii,),(M k,ci)M] -144T0 + 1443.M
[pt(Mi,), (nt,))*-  $-,, -MTO } 3T3.33
-itm #3003.343
(rt(Mi,), (p«wt,)), ]~ -IMu + 1374.133
sli-(Pt(PPk,>,(ta,n™)Ph] -11M4 + 1341133
tPt(Sam,),dMa] -M40 + 1003433
(Pt,dpHi,(M1,),] -iim + 1333.733
£1t-(Pt(PPh,),(PbPii,)ni] «1UT4(0) v 3333.13(4)
(RITML,), (COOMP(Ca,0C, 17),))"  eTE(L) v 333.03(f)
u)y Al

(b) /io*So'V*
(0) 1j(138,t«"ph)
(4) *R(PtPb)
() 'JI( ®*ib*«30)
(O *R(Rb3a)



Trtit ot cwBIIM COMTFF iDWhirl.. DIFFfi~t Muel.l

Coapooad N n* X iEUUU
IT*(0)la ~

@ (b) (0)
filA-(Rt(PPta,)2Pb(RbPb3)] Pt Pb 11374 9999 Pb 132
£U-IK(PPb,)2Pb(SaPb3)] Pt sn -1MM 1919 -0 79
[Rb(9aCl3).(000) Rb  sa 79 4U U 78

(P(p~"C,R4))r

tPt(8aCl,),(P(0€t)3)j] Pt 8 -19993 1974 Pt 189

(b) /io* Ito™»™*

©

Thit My b* dM to tb* larg* polariMblllty of tb* atoa la tba oaaa
of laad aad to a laaaar axtaat for tla aa Mil. Alao It baa baan abom
froa oalealatloaa of ooapllac ocaataata aalag ralatlvlatleally
paraMtarliod axtaadad laekal (RU) m m fMotloM**, tbat la tha Mao
of baavy oaolol. tba ma of noarolatlvlatle atoalo Mloaoo i aloetroa
daultIM la Mt alMya rollablo.

Out of tha N -R coopUaca bolag ooaaldorad, *J("**Sa-**Vt) baa bad
tba largaat oiMbar of Mlaaa aoaaarod thooo ooMr a aida
raago (S.TM-M.UTd la) flalac a ebaago la tba alM of tba coupllag
eonataat of approxIMtoly a factor of fIM. Thla plotbora of m Imo
allom MrloM traoda to bo oatabllabad la tha My *J(***8a-I»»Pt)
MriMm.

Ao oxpaetad thba alaa of tha ooopUag ooMtaat lacroaaaa npoa
aobatltatloB of Mro aloctrooogatlM froopa oa tla* aa aboM la tabla
(4.T), Tbla la dM to a ebaaga la tba bybrldlaatloa of tha tla. Ila
aoeordaaco wltb baat"a rala** tba bybrld orbitala oaod to boad to tha
alaotroaogatlvo aabatltooata «111 ooatala Mro tla g-ebaraotor aad

tha bybrld orbital uaod to boad to tha Mro olootropoaltIM
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traaaltlon Mtal mUIl eaatala laaa j|- and nom ¢-eiwraetar. Thla la
aupportad bp eryatallofraphie data. It baa baan obaarvad aa a ganaral

faatura of tln-traaaltlon natal oanplMaa tbat tba bond anfla

Tabla 4.7
*J(*A*8N-***Pt) /Rx*
Canpaond n
0 12
il1-(Pt(Pb)(PPbj),(8nPb,..Cl,)] 13,886 14,066 16,860
£U-[Pt(n>) (>*Pb,)2(8nPb3_g8r.)] 13.666 13,840 16,341
iU-(Pt(Pb)(PPb,), (8aPb3.,1.)J 13.666 13,738

N-8n-R la graatar than, and tho bond angla R-Sa-R* la laaa tban, tba
tatrahadral angla”~ (iriMra N - tranaltlan natal: r ”, R - arganle groapa,
balldaa). Alaa tba R-Sn-R* anglaa bacana nara acata, and tba R-8n-N
angina oarraapandlagly acra abtoaa, opon ebanglng R fron an orgaalc
gronp to a balido30 (bily ana 1-ray atrnotora la avallabla for a
oonplax ooatalalng a Pt-Pb bond”*. Thla alca axblblta tba sana
gaanatrleal arranganant of banda arafiad load. Aaotbar faatnra of tla-
tranaltlon natal canplaxaa la tbat tba tln-tranaltlan natal dlataaeaa
ara ganarally fannd to bo abortar tban tba ann af tba eavalant singla
bond radll af tba tno atona”. Alna tba baad longtb dacraasaa aa
arganle aabatltnonts on tba tIn ara raplaeod by balldaa”. Tbla
babaolanr la oanalatant wltb an Inamasa In tba tln A-ebaraotar af tbha
tin-natal o-bandIng nalaenlar orbital. A ralatlonsblp batnoan band
longtb and £-obaraotar af tba band la anpportad by tba rongb corrolatlon
batwaan tba nagnltnda af *J(* *8n***Pt) and Pt-8n bond langtb ropartad
by Pragoaln at al**. Tabla (4.8) glvaa tba partlnsnt bond langtbs and
anglas far tba Pt-Pb eanplu and a nnnbar af transition natal -8nCly
canplaxas far nblcb tba atrnetaras baos baan pnbllabad alnas tba laat

roolac *”** eararlng tbla tapio.
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Tacl« 4.1

Hr tettcue «r— -

aCW DICTMKn SOM fifffft
® (©)
Caaplaa «Cala» Ca-Clla» «-ta-Cl Cl-ta-Cl
Hn*-Caa»«aHaCl ,) (propkmi»» t.5CI a.Ms
(N, (>-4Ma)) (taCl,)CIT* a.tw  tC4 114.t-14.C  S1.4-101J
-1.41C
C.t4d) [°N)) w.T
CaytCl,),Clj«" *» twa-  a.Mi- NS.S-IM.T  sa.i-M,T
t.dM  a.4M <ial.T)  (M.S)
U.8T«) la.sM)
IClia-(rt(«aCl,), (aaNa,),)* * 1.CT4-
c.c14 1t_MO»
(t.Cc00)
iU-(PtCl <iaCl, ), )*- 1.MS- t.MO-
t.MT t.CCC  iit.s-m .« M.S
<8.8M) (t.OCCI (lai.s) .9)
(Pt|faCl ,Mp-CIMKE, | 1.45T (et
(PUtaCl,»,)*- ™ lL.cCl- t.t4-  NT.T- M.S-IM.1
1.CTC ttld lu.a
(t.C00»  ItMC» liis.ai 1.9
1lrritaci,) (PPk,»,)« 1.«U t.Mt-  iis.i-las.s S$4.S-M.T
t.WT

1t.MI» (las.oi) M.S)
tPHICI»(Mi ,Cakd-p-CIMtiiCla) [Mnk cC.C14

ICIM-(n(1aCl,), (P(OPK),),)>* 1.8M t.ttt-  iis.i-iai.s sT.s-ioa.s
t.MT
it.tc Ciis.a) M.S)
£li-(Ptnim4),(PkPk,)]*> I.CCClel t.t4C- 1It.I-ITC.C CC.t-I01.C
t.tcc [N (C.49)
1t.tTC»
[O) la» (>
iteea la glvaa

tk* avaraft valaa la paraathaala. €) K-fb. a) Pkc. a)
r> C-Pk-€
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Tim  MgnltNd* of **""(***8a-***Pt) alM dapcnds «pea tka aatur* of
tha otIMr Illgaada attaohad to platlaiH. Tim Ilgaad .scuf to tha Sa-Pt
boad baa tha graataat affact oa tha eonpllat ooaataat and a
lafluaaea aarlaa haa baaa aatabUahad ahara tha aagnltuda of *J("I*8a-
~*@Pt) laoraaaaa, aa tha traaa llpaiid ohancaa, la tha ordar C1 > 8a»3 >
Aa > P > Tha ohaaga la oagaltada of tha ooapllag eooataat la thla
loataooa caa ha doa to chaogaa lo althor |TpfS(0)I* or

It la uallkaly that ohaagaa lo |Vpf8(0)|“ ara algalfleaat aloca,
cooplaxaa eoaUlalnf tao or aora tia lltaada «lIth dIffaraot Ufiada
traaa to thaa, oaa havo wldoly varylac »aluaa of *J("**8a-**@Pt) aaoa
though |1°pf8(0)|" aaat ha tha aaaa for all platlaoa to tia couplla«
lataraetloaa. [Pt(8aCI3)3 (PIt3)]"~ la aa oxtroaa ozoapla of thla, «lth
*J(***8aN-**®Pt) anal to 19268 la. aod *J(“**8a,-***Pt) on*l to 8470
Ha (*J(***8a-**®Pt) ehaana hy a factor of throo). Alao If varlatloaa
lo *J(***8a-***Pt) wara doa aalaly to ohaocaa la]Vvp”~8(0)]all Ufado
oa tha platlBua aoald ba axpaotod to axart aa anal lafluoaoa oa tha
ooapllac coaataat.

moaavar aloca tha Imu-Illnad haa by far tha graatoat affact oa
tha aafaltoda of *J(***8a-**®Pt), ohaana la tha hybrildliatloa of
platlaiia ara tha pradoaloaat affact, camlac tha obaaraad varlatloaa la
*J(***8a-***Pt) . Tha traaa-IBflBaaca” haa boaa axplAIMd ualo* t«o
aodala of boadlac; oaa ohloh avokoa B-boodloc botaaao tha traoaltloa
aotal and tha Ufiada, aad aaothar ahora oaly chauna la tha o-boadlog
upoa rahyhrldlutloB ara naad to aooocaat for tha ohaarvad traoda.

lo tha flrat aodal tha aoraolo -lataraetloa bataaaa tha traaaltloa
aatal aod tia la ralaforoad hy ¢1 m# hoadlo* lavolvloc ovarlop of
filiad platlaoB B-«rbltala wlth vaoaot (-«rbltala oa tha tia. Tha aala
avldaaoa for Ula aodal la tha ahort Pt-8o dlataaoao*, ahloh ara aaaaaad

to ba a ooaaanaaca of tholl -boadlo«, laoraaaaa la *J("**Pt-***80)
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causad by Incraaaas la tha alactrouagatlvlty of tba subatltuanta on tin
roflacta a loworlInc In tba anargy of tha tin ¢-orbitala, raaultinc 1» <
buttar ovarlap with tha platlnua ¢-orbitala. Thla laada to a abortar
Pt-Sn bond and buttar i-orbltal ovarlap. Sinllarly, tr«n« Uganda which
ara waakar n -aooaptora raduna tha ooapatltlon with tin for ¢ n -
alactrona allowing n grantor ¢H -¢,1 ovarlap, and thin again laada to
abortar Pt-8n bonds and largar valuaa of ~NJ(*"*sn-~***pt).

In tha nodal which only conaldora o-Intoraotlona tha hybrid
tranaltlon-notal orbital uaad la tha Pt-8n bonding nolacular orbital, la
a nlxtura of £-, £-, and ¢- oharaotar. Tha hybrid orbital uaad In
bonding to tha trana-llaand will alao bo a nlxtura of tba aana 1-, £-,
and ¢-orblUla (Olffarant /- and possibly dlffaraat ;-orbitals will ba
usad for bonding to ¢(¢¢-Uganda). Tha apaclfle nix of orbltal-
charaotar raqulrad by tha orbital ovorlap with tha ¢(¢eee-11Ffand will
dotamlno what ranalnlng orbital-eharaotar la avallablo to fora tha
hybrid orbital usad In bonding to tin. Por Inatanca a highly
alaetronagatlva ohlorlna ligand will fora a aora lonic bond with
pIntlnua, which ragulraa a transltlon-aaUl hybrid orbital of a high a-
and ¢-oharaetor which coneantrataa alaotron donaity aaar tbha ohlorlna.
Thla allows aora ¢-orbital and lass (- and ¢-orbital eharaotar to ba
usad In fomlng tha hybrid orbital uaod In bonding to tin. Tharafora
tha Pt-8n bond will ba abortar and *J("**8n-**@Pt) largar.
Altamatlvoly, |If tha ¢ E£ibe, ligand la a hydrlda. It will raqulra a
hybrid orbital which haa aora tranaltlon-natal (-charaotar. Tharafora
tha hybrid orbital uaad In bonding with tin will contain losa ¢~
oharaetar, and proportionally nora (- and ¢-oharaetar, raaultlag In a
longar Sn-Pt bond and a snallor vaina of *J(*"*8n-**@Pt).

Thla sacond bonding nodal would appaar aora llkoly In tba light of

tha obsorvad gaoaatry of tha bonds around tin and tha offset on tho bond
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aaclM, of obugas In tbn nlnotronagatlvity of tho tnbotltiMntn upon
hyilrldo llgnnds nro oonoldorod to bo poortf- nceoptors,
yot moult in rolatlvoly annll *J(»»»8n-“»»yt) valnoa, no trono
IlIfonda®. Tbomfom J n -Jj bonding dooa not prodonlnato™** nnd
o-bonding Intarnetlona gonorolly datomlno tbo proportloa of tIn-

plotlnnn bondo” (ond probably of Group 1V - tranaltlon Mtal iwndt in
gonorol).
Ij’II»*Sn—***Ft) la ganorally aoMidMt aMllor la flva, than la four
co-ordlnato conploxaa’-" . Thla la probably duo to tba dIffamnt
bybridiiatlon atatoa of platlnnn. In tbo trigonal-blpyraaldnl flva co-
ordinate apoelaa. platlnun nnat divide Ita available i-ebaraotar aw>ng
flva hybrid orbitala fomlag o-boada to tbo Uganda. Hbaraaa In tbha
aquam planar four eo-ordlnata apaolaa only four hybrid orbitala am
mqulrad, aaong ubleb tbo available platlhua i-ebaraotar la divided,
allowing a groatar ooneantratlon of g-ebaraetor la any alagla hybrid

orbital.

4.18 2J(11"-X)

The abaoluto algna of aavanteaa *J("*8n-**f) (tblrtaoa via aquara-
planar platlnaw. tbraa via trlgonal-blpyranldal platlauw and one via
trigonal-blpyranldal rbodluw), four *J("**8n-**"8n) (one via aquara-
plaaar platlnun and two *J(*®‘Pb-**y) (via agnam-plaaar platina*)
coupling bava bean dataralnod and am given In table (4.9). For tbha
aquam-planar ccavlaxaa, wham tbo coupled anelai am arranged ti- »m to
each other, tba mdneod coupling eonatanta am poaltlva, la all caaaa.
Nban tba coupled nnolal am arranged to oaob other tbo radnoad
coupling conatnata are negative In nil caaaa. For tba
trigonal-blpyrawldal oowplaxoa, all tbo axlal-axlal and egnatorlal-
aquatorlal raduood coupling oonatanta am poaltlvo, and all tbo axlal-

aquatorlal raduoad coupling eonotanta am nogatlva.
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Th»«« rcaalts ar* la agraaaant «Itli tkoaa pradlctad by Jaaaaea“a
approacbh to gaalaal eoupllac lataraetloaa™”, baaad opoa tha tlgaa of tha
oaa-bood eoupllaca "K(N-Y) and *K(N-X). and tba X-U-Y bond aacla, ahleb
la dlacoaaad la ehaptar 1 (Y - Sa, Pb. N « Pt, Rh and X « N, P, Sa la
tbla Inataaca). Aa eaa ba aaaa froa tba daaerlptloa of tba anltlpla
raaoaaaoa aaparlaaata la tbla obaptar, la ail eaaaa *R(N-Y) and *K(N-X)
ara faoad to ba poaltlva, tbarafora aaklat botb tba tama Sx, and Sy, la
agaatioB (1.9), poaltlva. Tba alga of tbo tblrd tom, P ~ dopanda on a
Buabar of faotora, lacladlag tba X-N-Y bond aagla. P,,"» la fraguaatly
aatatlva «ban tba bond aagla la botMoan 90* aad 110* aad poaltlva «ban
traatar tban 110*. Tha product of tbaaa tbroo tarM (Sx.Pj™ySy)
datamlaaa ~(X-Y) 1la aquatloa (1.9).

Tbha alfaa pradlotad for ~(X-Y) by tbla approaob, baaad itpoa
Idaallaad gaonatrleal arrangaMata for «gnam-plaaor aad trlgoaal-
blpyraaldal eoaploxoa, ara la agraaaaat «ltb tba axparlaaatally
datamlaad algaa for ~K(X-Y).

Aa «ltb ~R(Pb-Pt) and ~K(Sa-Pt) tba dIffaraacaa la tba valnaa of
~(Pb-P) aad ~(Sa-P), for tiM raapoctlva traaa aad conpllaga, ara

only partlally axplalaad by tba valaaoa a-alaotroa daaalty at tha

BuclaBa, |T ,|(0)] balag largar for load tliaa tin aa abom la tabla
(4.10). Tba larga polarlaablllty of tbo nnclooa la tla and load
probably aoceoaata for tba dlaerapaaey la tbla eaaa aa wall. Sowavar tiIM

altMtloB la furtlMr ooaplloatad by tba praaaaoa of aa latarvaalag atoa,
Mbleb iBtrodocaa aaotliar varlablo factor ta tba ooopllng Bacbaalaa.
Tbla la aora avldaat «haa attaaptlag to apply tba aaao argaaont to tho
varlatloaa la aagaltiida of 10B1-"K(Sa-X), idMra X « I, P. Sa, aboaa la
tabla 4.10. Tba dIffloaltlaa la prodaolag alallar obaaloal aavlrooaaata
for tbo latarvaalag platlaaa atoa la oaob eaaa, raaalta la varlatlma la

tba platlana bybrldIMtloa. Tbla «111 affaot tba orbital ovorlap la tha
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molcouUr orbitala, by «blob tba Faral-eoatact aaobaalaa traaaalta tba
cooplIBc lataraetlim. Thla affaota tba Mtnal polarlaablllty tara,
nNol. and nakaa It aatraaaly dIffloalt to aaparata oat tba affaot duo to
obangaa la |VX(0)]|~*.

Itaorinc tba alma and oaly oouldarlnc tba aamltudaa of tba
diffarant n "-X oomlInf ooaataata aanaurad. «bara tba latarvaaluK atoa
la a troMltloa notai, *j(*“ »8n-* ”sn) baa tba larmat ranm” loln» froa
Md-9T,164 la NJ(***8a-**P), for ublob tbha graataat nnabar of valuaa ara
knoan*, ranm« froa 21-4aM la; ~J(~Pb-"*P) froa 1M-401S la*""*" and
*J(***8n-*1) froa 103-IMI la*""®@.

It aonld appaar that tbara la no ralatloaablp botaaan ®J(1"-X) and

Tbla la not naoxpaotod alnoa tba aolaealar orbitala ablob
oontrlbata to aaob oonpllnc oonataat alll ba dIffarant. Thoaa ablob
eontrlbata to *J(n "-N) aaat Includa N aa aall ao tbha I", i-orbltal
danaity. idMraju for ®J(I"-X) any typa of N-orbltal eaa partlolpata In
a oontrlbutlnc nolaonlar orbitai, alnoa It la tba 1" and X ~-orbitai
ooafflelanta for tbat nolaoular orbitai ablob ara Inportant.

Nban oonaldorlng tha affaot upo» @®J(n "-X). of obanma In tha
aubatltuanta on only ®J(*®*8n-**P)® and *J(*®’pb-**P)** In aquaro-
Planar platlnun ooaplaaaa bava bad an adoquato rango of valuaa naaaurad
altb a varlaty of dIffarant anbotltnonta on N*. Tba namltudo of tha
traaa ooupllng Inoraaaaa altb laoraaalng alactronam tlvlity of tba
aubatltnanta aa la nomally ajvootad, ablob la aboan In Ubla (4.11).
lowavar tba gli ooupllnm In tba saaa oonplanaa axhlblt no apparont
dapandaaoa upon tba alactronamtlvlity of tba aubatltnanta upon 1I-.
Tbara ara Inaufflolont data avallabla to draa any daflalta oonolualona
about tba affaot of obanglag tba alactronam tlvlity of tba aubatltnanta
upon X. lonavar, tba aana trend aa obaarvad abova noald appaar to bold

for ®J(*"*8n-®"P) baaad upon tba affaot of mine fron a pboaptalna to a
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photphlU coMpIM (tiM -411 troop bolac ooro oloctronotatlvo than tbo -R
troop). Is 4*71 In elo-fPtcuancijWPtn-
CeV"*)*)*1 «TW 1> SHI-[1*tCi (SiiC13) (P(O«i)j)al. olwroaa

*J(* *8n-@*P) lo 318 Mn** 1b tho Pcp-cftrcl,), eoivlox and 19« rRol3 jp
tho P(OPh)3 cooplax. Aay rolatlonahlp botooon "J(n "-K) and tbo
olootroBOfatlrity of tbo oobotitoanto of tho oooplod aooloi ooold appoar
to bo dopoBdoBt opon tbo tooootry at tba traaoltlon natal and nay bo
eoBBOotad to tbo oboorood tooaotrloally rolatod nataltodo chanto and
alto ravoroal for *J(n"-X).

Aa notad oarllor thbo iroop IV litando dlaenaaod la tbla aootlon aro
loo-oloctroBle and lao-atroctoral nltb tortlary phoapblnaa In analotoua
conploxoa. Aa «bon ooaparInt *K(8n-P) and H(8b-8b). tbo dlfforonoo In
IT1@©)I1* botoooB pboopboma and tia dona not oonplotoly uplaln tbo
anallar natnltoda of *R(PP) oonparod to ~(8aP) and ~(8n8n). Tbhla
probably oxplalnod by dirfaronooa iR 178~. Tba bybrldliatlon atato of
tIB. balat a fiora polarlaabla atoa tbaa pboapborna. la probably affootod
fiora by varlatlona la tho aloctronatatlrity of tbo tronpo attaobod to
It. Tbla «111 roonlt la a tritar f-orbltal oontrlbotlon to tba tin
hybrld orbital asad in fomlat tba boadlnt noloonlar orbital to tbo
olaotropoaltlvo tranaltlon natal, aa dlaeoaaad andar ~J(n "-M).
Tboroforo la tha eoofflelonta for tbo Illtaad ¢(-orbital for tho
eontrlbotint noloonlar orbitala «111 bo troatar for tIln (and alao load)
thaa for pboapborna. In analotona conploxoa, If alnllar noloonlar
orbital dlatrana can bo appllad In botb oaaoca, tbo oxoltatloao botwaon
appropriata noloonlar orbital onorty lavéla «111 roonlt la larfor

ooBtrlbntlona (botb poaltlvo and nagatlvo) to for tho tln cooplax.
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T«bU 4.11 The Bff»et of Chaa—

Coaplu

fila-1 Bs8ii)PPh(PPIij) jI*

£1-((i13>*D)Ptni (Pni3 )2 ]

«8

((S
Phci,

PbBr,
Ph,CI
Piijlr
Ph,!

PilgBr

PLijI

Im Tlw w* Swb~tltwaf Ppoa

Its

“ »8.
n»s.
»8«
»8«
»8«
»8«
* e8n
a0Tpfc
«"Ph

«»Pb

*J(11"-»*P)/8t
ITEm

3881
8988
8984
8398
8398
8380
1934
4018
3970

3480

840
198
184
181
188
183
181
848
840

880



providinc tb* MMrgp dIffcrMM« totWMA raargy laval« do«« not vary
fraatly. Thbla «111 raanlt la eoupling eoaatant« of graatar MigBltad«.
Irraapaotlva of alga, «hara tin (or laad) raplaoaa phoaphoraa aa oaa of
tba eoaplad naolal.

Tha Min «aldaaoa for tha alnllarlty batwaan tIMaa gronp 1V Uganda
and tartlary phoaphlnaa darlvaa fron tha analogona bahavlonr of
3j(91pSly) ~  7Nj( "-X) aa far aa gaoMtrlcal dapandanoa and tha «ffaet
of obanglng tba tranaltloa Mtal la eooearnad”. In aguara-planar and
octabadral eonplanaa of and and Srd row tranaltlon Mtala,
*j(**p*Ip) la poaltlva and Mob grMtar la nagaltndo *J(@*P**P)

«blob la ganarally aogatlv«”. Tha ratio of nognltod««.

*J(**P**p):~ ~(SIpSlpj rary froa 5:1 up to 20:1.~ For «x"la,
la "7810 Ha in tha oo«plax mx< -ip.p
Ha In tbha eonplax.” HInllar varlatlraa la nagaltnda and algn ara

obaarvad for »J(* »8n"p). *J(*” Fb-**P) and *J(“ ®8n-*" 8n) (altboagb
no algn baa baan datarnlnad for fiia-*J(***8n-"*"8n). in ola-
(PtCl,(8nCl,),J ®J(* ®8a-*“ “8n) la 8488 and agraaa «ltb tba trand,
If a aagatlva algn la aaa«Md) for agMra-planar ooaplama aa oan ba
aaan la tabla (4.8). It My tbarafora ba jMtliflabla to «aa tba Popla
and 8aatry®® atyla Mlaenlar orbital approaeb propoaad by Varfcada™ to
«xplala tba algna of trama-and ‘JI7ptip). nia la tba aaM baalo
approa” «blob la daaorlbad In nora datall la Cbaptar 111 for octabadral

«bar« tba algna of tba varlow eontrlbatloaa to tba aotnal
polarlaablllty, 1 ~, fron tba dlffaraat anargy-laaal tranaltloa« dapand
on tte «y«Mtry of tba Mlaonlar orblUla Involvad. nia la appllad
bar« to tba Mlaonlar orbital dlagraa for a aqnara-plaMr onag'laa «bo«n
In PI0. 4.X11. only llgand-traMitIM Mtal algM bondlag Mlaoalar

orbital «Mrgy laval« ara abo«n. Tabla (4.12) glvaa tba «Mrgy laval
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Hg, 4,HI

TI» «1tM of CwitrlbatiMw to ~J(I1"-X) fra< I— rgy twl TrwwltHw

In F10.4.X111
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®«  *81 -V -V
eag Hm* -
o« 'u -V«
®j« -> *ag" -V«
eif NN -

ISS



trualtlofl« Md tu* «IgM of tholr eontrlbutlOM te for < triio and
* ~X). The .#1~ oonpling la doalnatod by tha MMO-LUn
trMsltlon b3y -> aj” , nbleh glvoa a poaltlvo oentrilbotlon, roaultlng
la a poaltlvo alga for ail -X). Tho b,, laval conalata of a
(n-1) i- and tba Oj™* m i«-tranaltlmi notai orbital. Tbharofora It la
axpaotod that -X) ahonld bo Invaraoly proportional to tho
(n-1)i to nfi onorgy aoparatlon, as la oboorvod for
[MXjPa] eonploxoa (N- Pl.Pt_Pd)«. Thla la obaorvod for tran-
*J(*N*8n-**1Sn) and i£i1a8“*J(***8n-**P) in aaalogoM Pt and Pd
oonploxoa noaaurod nndar Idontloal eondltlona. In trana-
(N1Aaltjljisncl,),]” aj(Ti»gB-i»TgB) - 3TiM la (N - Pd) and 38090 la
X -Pt). Inau - mci(8nCl,)(P(p-C,I5Cl1,)),J- * «I(»«8n-»»p) . «g««
la (N - Pd) and 9899 la (N - Pt).

Tbla eorrolatlon la not oboorvod for tho cia oonplIng™ alnco thla

~tornlnod by dIfforont olootronlo oxoltatlona. Ona to ayaMtry

oonaldoratlona. only four tranaltlona eoatrlbuto to cia-“jn"-xi of
abloh a2j-> ojj* bas tbo loMoat energy dlfforoneo. Tbla tranaltlon
glvoa a poaltlvo contribution ta for ela-*jni"-xi. nblcb la
eountaraotad by tho next too trMaltlona of lowoat onorgy aoparatlon;
*3g"~ "ag *ig “ nblcb glva nagatlvo contrlbutlcna. Tho
balanoo botnoM thoao tbroo cantrlbutlona la doalnatod by tbo latter tno
tranaltlona, roaultlng In a nagatlvo algn for "1 (1 *Xx). Thla
ooablnatlon for all-*J(x’-X) aa oppeaod to only ona donlnant
contribution for trana-*J(1"-x> nay account for tba lack of a
rolatlonablp batnoon, *J(]*-X) and tbo oloctronagatlvity of tho I and X
aubotltuMta.

For trlgonal-blpyranldal oonploxoa thboro ara aovoral aplltting
paraaotora nhoao ratloa vary nltb tbo Ilgand-notal dlataacoa. [lonoa no

unique nolooular-orbltal dlagran oxlata for tbla gocaatry*** ta nblcbh
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thlt rational* for tb* obaorvod alga* of ~K(n"—x) caa b* appllod. It
aay b* poaalbl* to draa an aaalofy botatan tb* axlal-axlal and axlal-
egnatorlal ~J(N -X) ablch ean ba eonaldarad la tara* of yanaatrlcal
arranganant of tb* couplad nudai to ralat* to tb* trana and
couplinga raapaetlvaly In agaara-plaaar and oetabadral coaplaxaa. In
botb oaaaa on tb* ground* of aynaotry, aolacular-orbltala baaad on
tranaltlon aotal j|-orbltala only eoatrlbut* to tb* *msmsa eoupllag. Tbla
laada to dIfforant anargy tranaltlon* balng doalnaat In aaeb eaa* and
raaultlag In n poaltlva alga for trana-~IM*-XI and a nagatlv* algn for
ilI-*X(b"-X).

Tbla nay b* Jnatlflabl* alno* axial-axial and axial-aguatorlal
AJ(Nt-X) aboN tb* aaa* axparlnantal nagnltnda* and alga* aa trmnm- ang
£1A->( "-X) In agnara-plannr oo«pl*x*a aa ean b* aaan In tabi* (4 .P).
Tbl* laavaa aquatorlal-aquatorlal *J(***gn-**7"gn) ublcfa la poaltlv* and
larga, tbougb ganarally aoMMhat aaallar tbaa JxiBft-~"J("*8n-**"Sn) In a
aguara-planar ooaplax. If laolualon of tranaltloa-noUl ¢-orbital baaad
nolaeular orbital* la tb* kay faotor In dataralalng tbat tb* donlnant
tranaltlon giva* a poaltlv* radnoad eoupllng eoaataat, tban for
aquatorial-aquatorial oouplad anelai, an* uonld axpact tba o-ov*rlap
batuaan llgand ¢(-orbitala and a tranaltlon aatnl ;-orbital to b* laaa
thbaa for trana arrangad nuolol, du* to tb* daoraaa* In tb* n "-N-X bond
angl* fron iM** to lao™.

Tbla uonld raanlt In aaallar llgand ¢-orbital coafflolanta for tb*
oontrlbutlag nolaeular orbiula glvlag a anallar vaia* for and
*J(FR#MNR*) thougb It nould atlll bava a poaltlv* algn. To aupport
tbla u* not* tbat aquatorlal-aquatorlal "J("*Sn-*""gn) alao aboua tba
aan* dapandanc* upon tb* (n-1)j to n; anargy dlffaraao* aa tr- -
*J(“**8n-**’gn) In a agnar* planar eonplax. In («(SnCljljlIPtt,),]*

aquatorlal-aquatorlal ~J(***8n-**ASn) agnala XOMO Ix (N - N) and isisa
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at N - Pt) -
n» obMrvad Mgnltuda and «lgn of *J(***8n-*"P) (« »66 Hs : i.a.
~K(8nP) -va) In tha flva co-ordlnata rhodlua coaplaz
[RIi(CO0)(BnCI3)2 (P(p-CH30Cga4 )g)]~, altbough allfbtly largar, doaa not
aaaa anoaaloua whan ooaparad to axial-aquatorial *J(***8n-**P) in
trifonal-blpyraaldal platlnua ooaplaxaa™. ma ***8n apactrna abowa tlut
tha two -8nCl, Uganda ara aqulvalant and ean tharafora both ba aaalgnad
to altbar axial or aquatorial poaltlona If a rigid trlgonal-blpyraaldal
atructura la aaauMd. gouavar tba obaarvad nagnltada of *J(* *8n-* ’8n)
(¢ 8218 Hx, no algn could ba datamlnad for tbla eouplIng oonatant) la
aonanbat anall uban ooaparad to thoaa aaaa trlgonal-blpyranldal platlnia
c<m»laxaa>. Ona poaalblllty la tbat tba eoaplax la flux~lonal®* and
aona faat |Intraaolaeular proeaaa ooeura, uboraby tba axial-aquatorial
poaltlona axebanga and avaraga oouplIng ooaatanta ara obaarvad ubloh ara
darlvad fron a nnabar of eonfomora. 8neb prooaaaaa ara knoan to occur
io «ona flva oo-ordlnatad rhodlnn J 8 eonplaxaa®®. Anotbar poaalblllty
i* tba obalating dlolafln dlatorta tba atructura of tha eoaplax®,
ablch la aoaaubara batwaan a trlgonal-blpyraald and a aquara-pyraaldal
gaonatry. Tbla la aupportad by tba nagaltnda of ®J(i**8a-* 18n)
(18,818 Hx) In (PM)2(Rb(8nCI3)3(CH(oy))2]*, ablch doaa not eontaln a
dlolafln, and la alallar to tlia obaarvad nagnltada aquatorlal-
aquatorlal *J(* ®8n-* "Bn) In trlgonal-blpyrwldal platlniai coaplaxaa®.
Alao In tba ooaplax fPtCCMHa”n)(8x013)3)- "«e »“icbh a paaudo “plano
«tool” (eee FIO. 4.XI11) atructura la propoaad, *J(ii*8n-1i~8n) la 2892

HX -
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no. 4.XI111 Structuf of iPt(Cs: Ib» )(saCla)gl~

C138It "sBCIs
8o

Cl.

It 1« quit* poBslblB tbat riaxloBal bahavlottr «ad «tmotural
dlatortloa botb oeour la thls typa of trlobloro tla-rbodlua eoaplax,
ablch aak*« tba probita of aaparatlac oat tbo dlfforoat faetora Mblob
dataralaa tba aatBltndaa aad algaa of tbo eoapllac eoaataata ovari»

ooaplleatad.

4.19

Iba aacBltodaa aad abaoluta alfaa of two *J(* *Ba-***I*t) (o0aa via
aquara-plaaar platlaaa aad oaa via tatrabadral.tla) bava bota datoralaad
aad ara glvaa la tabla (4.13).

Tabla 4.18 Wagaltada aad algaa of ~Jm"-W) aad "K{I"-ii)

Coapouad »J(* »8a-»««8t)(.) “K(8nPt)(b)
(Ptjlp-dppa),(80013)2] -9870 #974
BII-(Pt(mi2)2(Ph) (8an 28aPb2)] -1784 +179
a) /le

b)  /i0*@gAra*

la botb eaaaa tba raducad eoopllag ooaataat la pooitiva. loaavor
thara la a aarkad dIffaraaoa la tba aagaltadaa aad glvaa tba natura of
tha latarvaalag atoa la aaeb caao. tba two eoupllag eoaotaata «::11 ba

ooaaldarod aaparatal».

188



no. 4.1V ehom tiM atriictiir« of m 2(Ji4MPa)2 (SACI,)2]1*, itIMr«
th« latarvaalnc atoa la *J(**»8a-~**n) la a a”aara-planar platlaaa.

no. 4.1V Structara of in(p-dppa)(8aCl3)J,

w>a

CI38D—p - m——— ancij

It aay ba approprlata to group *J(**@Pt-“ *8a) la tbla coavonad
wltb Via aquara-plaaar platlavua ablob la dlacuaaad la tha
pravloaa aaotloa. Aa «ltb *K(u"-X) la thaaa coaponada, tba alga of
~K(8aPt) la la afraoMat wltb tbat pradlotad by Jaaoaoa’a approaoch** to
two boad coupllaga. Tba poaltlvo alga of ~ (8aPt) la aa axpoetad, glvoa
tha aagaltoda of tba Pt-Pt-8a boad ai”la oaaalataat altb tba trana
orlaatatloa af tba eoaplad auelal. (la [Pd~Cp-dppal~CKbaCl,)] tha M-
Pd-8a boad aagla la 168.8**«). Alao tba taa aaa-baod radaaad eaapllag
ecaaataata to tba latarvaalag atoa, *K(8aPt) aad *K(PtPt) ara paaltlva.

Tha aatad alallarlty batwaaa *J(I11"-X) aad *J(**P**P) la aaalagoaa
pboapblao coaplaaaa™ axtaada ta tbla oaaplaz aa aall. la tba laa-
atraotaral oaaplax (Ptj(p-dppa)j(P,lia,Pb),)®». @E(P,Pt) la alaa
paaltlva. loaavar la (Pt2(p-dppa)2(8aCl,),], tba aagaltada of »J(* ®8a-
***pt) (-»STO la) la vary alallar to tbat af ~J(*1*8a-***Pt) (-11882
ma), abaraaa la tha PNa”Pb oaaplax®® *J(**P,-**@Pt) (#1888 la) la ovar
talca tha alaa of *J(**P,-*@®Pt) (¢ 080 la).

Tha raaga of kaaan eoaploxaa oontalaliig tba 8a-Pt-Pt fra“at la
galta aaall. loaavar tba axpaotad laoraaaa la tba aagaltada af
®J(**®8a-*@®Pt) aad *J(*@RPt-**®Pt lo aboarvod la (Pt,(p-4»a)2(8aCl3)CI]**
(*J(**@8a*e®Pt) - 88T0 la, *J(*@RPt*®®Pt) - 8800 Ix). abara oaa taralaal
-0aClj graap traaa ta tba Pt-Pt boad la raplaoad by a aora
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eUetroMgatlv« Chlorid«.
P10. 4._.XV ihoN« tho otructiir« of fli-tPtCPPhjlgCPhXSBgPhg)]**
whor« th« intorvonliic «toa In l« totrnhodrnl tin.

P10. 4.XV Strocturo «f clo-tPtCPPhglgPhjSiiaHig))

Ccapnrloon wlth tbo provlono ooapooiid la Inapproprlato, not oaly
eineo tho IntoroMlac ntoa In *J(*“ »8n-»“ pt) la dliffarant. bat alao tba
eouplInf pathway »aa «aaantlally llnaar In [PtjTp-dppaljisSnCigljJ,
Nharaaa la tba abova aaoplas it la beat, doa ta tba tatrabadral gaoMtry
«f tba banda arooad Sn”.

«pproacb** ta gaalaal eoapllag lataraetlona cannot ba
taatad la tbla nolaoula alnoa canid not ba obaarvad,
lot alan« bava Ita alga dataralnad. Alao tba «xaet gaoaatry «f tha
banda aroond Sn”, oblcb alll bava a dlatortad tatrabadral gaoaatry. la
anMrtala.

J( 8a- Pt) bas baaa raportad for a aarlaa of coapouada»
(Pt(PPbg), (Pta,SaC(S)R)]B* (R . RNa, SCjRg. SCRgPb. RMaR, pyrr) obara tba
Intarvanlag atoa la tatrabadral oarbon, tbalr atrnotnra balag aa aboon
la P10. 4.XVI.

PI10. 4.XVl Stmetara of CPt(PPh3)g(Pbg8aC(8)RH

N

»80PH,

1tl



m raportcd oov*r tiM rae* 287-880 Hi. nia
larga dlffaraBea la aagaltada la daa to a aaabar of faotora; tha aoat
alfalfloaat of whleh la probably tbat two coupllag pathwaya,
J( SaC **Pt) aad *J(***8aC8**®Pt) axlat, ablcb ooatrlbata to tba
obaorvad coapliag. Thaaa aay hava oppoalta algaa, axplalalag tba aueb
aaallar aagaltoda aiiaa coaparad to flI-1PtIPPbjijPbISOjPb,)].

If tba aaalofy to pboapblaa ooaplaxaa la axtaadad to tbla ooaplax,
Sa” oaa ba ooaparad to tba piioapboraa atoa oo-ordlaatad to platlaoa aad
Sa, to a earboa atoa boadod to tte pboaphoma la tha pboapblaa llgaad.
la tha aguara plaaar ooaplaxaa jeli aad IcUf-(Pt(PI3)CI,] (R = It. a-Pr,
a-Bo) *J(*” pt**C) aarlaa froa 80 to 41 Ix@®. Altbougb ao alga la kaoaa
for tbla ooupllag, a alapla eoaparlaoa of tba aagaltadaa of tba radnoad
coupllag eoaataata, alloalag for tba dlffaraaoa 1a|T:X(0)|® bataaaa tia
aad oarboa. aboaa that ®K(PC) la atlll at laaat flva tlaaa aaallar tbaa
®R(8aPt). If pboapborua la raplaoad by araaale la tba aaaa ooaplax.
*J(**C*®®Pt) lacraaaaa to bataaaa 31.8 aad 84.8 ix®®, ublob ladloataa
tbat tbla typa of ooupllag aay bo axtraaaly aaaaltlaa to tba aatara, aa
aall aa tba gaoaatry. of tba boada arooad tba lataraaalag atoa.

4.20 @I(1"-X)

Tha aagaltada aad abaoluta alga of oaa *J(***8a-0*P) (via
tatrabadral tia aad aguara plaaar platlaua) aaa dataralaad aad la:
fI1-1PtfPPhjIgPtalSajPbg)], ®j(**@8a-**p),- lei.i hs (GK(sa-P) ¢
8.0 X 10*®lIu"®a"*).

Tbha raduoad ooupllag ooaataat aaa fouad to ba poaltlva. Tha
atruotura of tha coapouad la glvaa la P10. 4.XV aad tha oonplad auolal
ara aarfcad 8ng aad Pg. No ooupllag bataaaa 8ag aad Pq aaa dataotad.

moaavar tbla ooupllag la axpootad to ba vary aaall, baaad upoa tha
®J(®®"Pb-®"P) ooapllaga raportad for tba aaalogoua laod coavouad

¢ IR-tPtIPPbglgPbIPbgPbg)]** (Tblo cougbuad aaa aot laeludad la tbla
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etudy «ibo« U 1is o0Bly «tabi* In aolutloa for u MtraMly short
porlod). Mbors tbo yhosphoma Is tr- a te ths -Pb:Phs
IlgsBd Is 4M 1Is, MharMo «hors the phosphorua Is da to tha

Ilgand la oaly 13 Mn . The Mgnltadss of ***8o eoapllaga
ara ganarally SMIlsr tlwi of tha SMlogoM *@"Ph coapllnga dM to tha
diffaroBoa la I»a(0)]*. aad thorofers aay llaos dM to coupUiW batMon
Sog aad Pp »111 bs blddsa nadar tbs Mia poaks of tho **P apaotrM and
»111 bo Mrosolvad la tho ***8a spaetrM. Thbla largo dIfforoaco In tha
alno of *J(*<"pb-*»P). Mbon tbo gooMtry of tba benda at platinM, nbleb
fora part of tba oovpllag patbMy, crbangaa fra» trac« to la
roBlaloMat of tbo gooMtrle dapaadanM of *J(II"-X) in sgiura-plaMr
platiaM coMIMoa dlaoMood aarllar. Thbo obaago la nagaltoda la tbla

casa la aotMIly largar (Tha ratio jCAMP/NO’pbIPAJA :
NN\

16:1) for tbo tbTM bond ooopUng eonparod to tba tM boad. mia
nndoobtably rofloota tho dlffaraat platloM orbitala »blcb partlelpota
la tbo oontrlbntlag Mlaoalar orbitala for tha da- aad trmmm- couplling
patbMya. Nboraat far *J(*»P-* »Sa*) tbo ovorlap of platlaM orbitala
»Ith oaly Sa” i-orbltals aaodad to bo ooMldorad. for *J(**P-***8ag) tho
platlBM orbitala »blob ovarlap »lta ga® aad j|-orbltala ara alao
laportaat. slbm bota tboM typM of orbitai My oontrlbata to rolavaat
Boloonlr orbitala, dopondlng apoa tbolr ovarlap »lta Sog i-orbltal
daMlity.

* «iMlar approaeb is to oataad Jaaocaoa"a trMtaoat ** olbm tho
algM of *K(PPt) and ~K(Pt8a) bava basa datoralaod m pMItlva and tba

Pc-Pt-8ag boad aagla eaa bo aiaoMd to bo 160*. If tha tarM >"ml

ooopllag la ooBoldorad aa darlvad fra» tarM ooapooMta; aboaa alga
la tao saM aa *X(PPt) (*w). «ptg»g aa *g(Ptgag)
(ova), and Mom alga la datanilBad by tbo boad atry at
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pUtlnoa (l.a."viM*) ud la tharafora poaltlaa. ma aiw of tbaaa tbraa
tana pradleta a poaltlva alen idiloli afraaa wlth tba obaaraad raaalt.
*J(~**8b-**P) haa baan raportad for tha aarlaa of eaapoanda
(Pt(PPh,)2 (Ph,81IC(S)R)]°* (R . 8a. RCjRj, 8CH,Ph. HHal. pprr), idlleh
hava tIM atrnotora ahom In PI0O. 4.XVI. Tba latarvaalag atOM batMaaa
tha oauplad nnelal ara tatrahadral carbén aad dlatortad aguara-plaaar
platlnua. Althoiigb tba banda arafiad platlnun ara approalMtaly plaaar,
tha latar bond aaclaa at platlann ara hlgbly dlatortad. (Tha boad
OBflaa ara C - Pt - 8: 48.8*, 8 - Pt - P~ : 108.0. C - Pt - P, j
108.8*, PN -Pt - Pg : 100.8*). Bvaa tbovfh tba gaoMtry of platlann la
dlatortad, *J(***8a-**P) atlll aablblta a rooRb cla/traaa dapaadaaca
lAaa It oonaa to tba oonpllac patbny ala platinan, ahleb eaa ba aaan la
tabla (4.14). Ronavar tba ralatlaa nncBltiidaa of tba oonpllac eooataata

ara laaa tbaa abara platlann la trnly agaara-planar.

Tabla 4.14

»j(»>aa-»tp) la [Pt(PPh3)a(Pb38aC(8)R))»* (8aa PI0. 4.XV1)

R *J(***8b -**P) /Ri *J(***8n-**P,)/Ra
8»a 81 18
«cVo 88 18
8Ch~ 81 18
Wafl 48 0
pyrr 44 8

It abould ba notad tbat for all tba abona oonpllaca. tno eonpllaf
patbnaya ara avallabla, *J(***8aCPt*“p) aad *J(“**8aC8Pt**P), altboncb
ona woald aapact tba tbraa boad ooopllac to ba tha dealnaat ooatrlbatloa

to tha oonpllac oonataat. Aaotbar latarastlac faatnra la tbat tba
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magnltod«« of *J(N***@7**PA) and *J(***8o-**Pg) art rooglily deablad and
halvad raapaotlvaly idwa tha atoa boadad ta carbon In tba anbatltuant,
labaUod R In FIG. 4_.XVl la ohangod fro« anlpbnr to nltrofon. Indicating
that tba nature of tho autetltnanta upon tho Intorvonlng atona la alao
an Inportant factor datoralnlng *J(***8n-@"F).

4.81 (»380)27«

Tho abaoluto algn of >K(8aSa) In (Ph38n)2Ta una found to bo
nogatlvo, given that tho algn of *K(8nTo), pravloualy datoralnod by
Kannody * NcVarlan«™*, la alao nagatlvo. Both coupling cemtanta aro

given In table (4.18).

Table 4.18 Wagnltudaa and algna of coupling Conatant In (Phjdnlg)?«

*J(***8n-**®RT0)(a) *X(8nT0)(h)
-8888 -888.0
*J(**8n-~" 8n) (@) A (8a8a) (b)

-888 -14.8
a) /Xa

b) /10*®@IU"~"*

Onlllco any of tho othor gaalnal ceupllng oaaatanta dlacuaaod la
thla thaala, tho ono-bond ceupllng ~K(8nTo), uhleh «akoa up tho conpling
pathHoy for ~(8n8n) la nogatlvo. Thoroforo uhon applylng Jaooaon®a
approaeh™ to thla gealnal ceupllng, tho too toma nhlch deriva tholr
algna freo tho ono-bond ooupllaga, and »111 havo nogatlvo
algna. Alao glvon that tho 8a-T«-8a boiid ai«l«, fren tho cryatal
atmoturo, la 108.88»**, ono weuld oxpeet ~3, ~~ t* h» nogatlvo. Tho
produot of thoao throo toma prodlcta a nagatlvo alga for *K(8n8n) nhlch

agrooa olth tho roanlt dotomlaad. Thla la poaolbly anrprlalng alnco
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exoaptlont to JMaaon®t approaeb ara gaaarally round nban tba
Intarvanlnc «to» earrlaa aa alaetron lona-palr or paira, aa la tbla
coapound.

Tba aagnltuda of *J(* *8n-* ’8n) 1la alallar la all tba Un
cbaloogonldaa (P38n)21 (aliara 1 - 8.8a.Ta) aa aboaa la tabla (4.16).

Tébla 4.16

B *J(***8n**8n)/Bi
413

S aio

Sa 384

Ta 388

loaavar la (Pb,8n)jO, *J(“ »8al*’8n) la roi«hly talea tba alia
ooaparad to tba otbar coaponnda. In tba oilda tba 8a-0-8a fragaaat la
aaaaatlally llnaar®, aharaaa la tba otbar ooaponnda tba 8a-B-8a fra”nt
la bant.~” Tbla can ba aiplalnad by cltlag I-boodlng for tba oxida,
but aot tba otbara abara tba bant atmetura of tba nolaculaa la dua to
tba tao alaotron loaa-palra on tba ebaleogan atoa. In tbla altaatloa It
la probabla tbat la aaob of tba aulpbur, aalanlua and tallurlua
ooapouada, ~(taSn) baa tha aaaa alga (l.a. aagatlva). Tbla agroaa altb
tba aagatlva alga propoaad far ~ (8n8n) la tba aulpblda oa tba buia of

tha ralatlonablp bataua ~R(8iBa) and *g(8nC)®” .
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CMAPTM 5

BXPBm- TAI

S1 PfOTatlOM
Qaiitml

ATT r**ctloii* Mr« oarrlad oat ondar an atoospiiara of dry

Bltrogon unloaa otiiar«laa atatod. Solvaata wora do-aaratod prior
to aao havlBc boon drlad by ataodard natboda abara raqulrad. Many
raagaata aara aynthaalaad by ataadard |Iltaratara aatboda aa

Indlcatad la tba taxt.

S.a Chantar a

mat - SnCIM(PIt3)g

Pit, (0.S3 ea». 3.8 x 10"» aol) aaa addad dropalaa to a aolntlon
of SnCi, (0.ao oa*. 1.7 x 10“* aol) la dry 0,01, (8 ca*) In an N.N.R.
toba ooolad in an lea bath. Ttaa raaotlon aaa than alloaod to atand for
10 alna, at rooa taaparatora. Haxt tba aoloaa of aolaont aaa radoead to
a ca* by ovaporatlm la a atroaa of dry nitrogen and the M.N.R. toba aaa
aaalad.

Analogooa aatboda aara need to prepara tba other bla-nbnanbi— tin
(1V) tatraballdaa. Tba qoontltlaa of roaganta are apaolflad baloa.

U m - SnRr,(Pgt,), Pgt, (0.83 oa*. 3.8 x 10** aol)
added to SnBr, (0.TOg.l.T x 10** aol).
triM - *0CI4(PIa**,), Pio", (0.87 ea*. 3.8 x 10** aol)
addad to 8nCl, (0.30 oa*. 1.7 x 10"* aol)
HIM - «"M4<” *a)n(” «*a).-, (= m 0-1)
A olxtora of Pit, (0.36 oa*. 1.7 x 10"* aol) and Pio", (0.44 ea*.

1.7 X 10 * aol) In dry CI,C1l, (3 ea*) aaa addad to tba SnCl, (0.30 oa*.
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1.7 Xio"™* M i).

i%. - o), »f4., (wt3), (n m 0-4)

Tiro «olntlont w*r« prapmd wlth dlffarmt ratlM of tte two

hal ld««.
- _ ]
) Sl iirml1 Mt, (O.sa. 8.5 X 10"* MDMaditod”a
Blxtura of SoCI™ (0.10 ca*. 0.0 x 10" m 1) and SnOr™ (0.87f,
0.0 x 10"* aol).
U«
b) SI iir = lii m, (0.0a ca*. S.S x 10" Ml)~addad to a

alxturo of SaCl® (0.07 oa*, 0.0 x 10”* m 1) and SnBr™ (0.40(,

1.1 x 10"* M i).

S.S Chantor 4

SU - [PtCl,(Wt3)a]

To a atlrcoA ompomiob OF [nci,«»»] * (0.0ac. a.10 x 10”7* ™ i)
(eco - 1.S-oyoloootadlOM) In CI~CI, (S ca*) Ma addad PIt, (0.87 ca*,
4.4 x 10 * noi) dropwlao. Tho alxtaro wm atlrrad for 1 hr. to tlvo a
oloar oolonrlaaa aolutlon. Upoa addltloa of NaOM, a adito proclpltato
foraad idilob Ma flltarod off. Mobod wltd IM» aad drlod ondar vaonna
(ylold 0.00c, 0av).

AMIofOM Mtboda Mro naod to proparod otitar coMounds of tho typo
(PtCl,(M,),]1 (P», - pboaphIM, pbMpdlta), I.o. dlroct roaotlon of
(PtCI,(C00)] and tao nolar oqulvalonta of tho appropriato pboapbIM or
pbMpblto.

I ma - TPt(PBt3),(8nCI3)a]

A alxturo of £11-[PtCl,(PIt,),] (o.1T*. 8.4 x 10" m 1) and SnClj
(0.18f, 0.0 X 10“* m i) In an N.N.t. tuba aaa dIOMIvod la dry CI|CI2

(a.8 oa*). Tho rad-orango aolutlon aaa alloaod to ataad for 8 daya.
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Th* MUR apcotma thaa raoordad, ahowloc a alxtura of »=mmm
[Pt(SnCl1,)2(nt,)2] aMtlaai-tPtCKSnCIjHPBt,),] to bo praaont.

111B1 - (PtKKPPh,),]

il1*[PtCI12(PPbj)2] (1 6g, a.0 X 10~® aol) aaa dlaaolvad at rooa
t**P*"*fura In a aolutlon of hpdraalna hpdrata (0.95c) and BtOfl (40
ca*). Aftor tha aolutlon naa raflusad tor 5 alna, a alstnra of flaelal
aoatlc acid (0.0g), dlatlllod natar (IS oa*) and BtM (0 ea’) aaa addad.
Upon eoollnc colourlaaa erpatala praolpltatad, ableh aora flltarad off.
aaabad with NoOH and drlad undar vacuua (plaid 0.0g, 00k).
trana - [PtR(SNCI3)(PPfa3)2]

A alxtnra of Icui-tPtkKKPPhj),] (O.aig, 0.S x 10"* aol) and SnCI,
(0.0dg, 0.5 X 10"™* Bol) In an H.N.R. tuba waa dlaaolvad In drp CBjCI,
(@.5 oa*). Tba rad-oranga aolutlon waa allowad to ataad for 1 hr.
bafora tha R.N.R. apaotra wara racordad.

A - iPE(8NCI3)CI(P(p-B-C,H4)3)2] (X m CH3-. CB30-)

A alxtnra of slI-IPtClj(P(p-X-C,g3)3)3J (a.7 x 10** aol) and SnCl,
(0.0Bg.a.7 X 10~" aol) waa dlaaolvad In CH3CI3 (4 ca®) and atlrrad for
ao Blna. Tha aolutloa waa than flltarad and tha voluaa raducad to aca®
In a atraaa of drp nltrogan. Tha aolutlon waa than tranafarrad to an
N.N.R. tuba.

A-[Pt(PPh3)3(Sal»b3CI)Ph)

A alxtura of (Pt(PPh3)2(C2B3)J = (0.10g. a.l x W * aol and SnPh3Cl
(0.0dg, a.l X 10" aol) In an M.N.R. tuba waa dlaaolvad In CH3CI3 (a
ANy ? Tb* alxtnra waa ahakan, than allowad to atand for 30 ulna, bafora
running tha N.N.R. apaotra.

A alallar aathod waa uaad to propara aolutlona of two otbar

ooaplaxaa, whloh aro glvan balow with tha quantltlaa of raagonta naad.

ail



aAl-tPt(PPI>3)a(8nHi2*»Wi3)Phl

[Pt(PP113)2(C2H")] (0.38c, ».« * 10"~ M 1) plIm SBjPIIf (0.SOc, 4.3 X
104 .1y,
CAl - iPt(PPh3)a(PbHi3)Hil

(Pt(PPh3)3 (C3I™)] (0.34c, 3.3 x 10" m 1) plm PbHI4 (0.17c, 3.3 «x
10"* ™ 1).

tPt3(p-C1)3CI3(PCt3),]

PtClj (0.07c, 2.0 x 10"* M 1) M8 addad to [PtCI3(PCt3)3] (0.13c,
3.0x 10~ M 1) la xylaM (8 oa*). TIm alxtura Ma rafloxad for 3 days.
Upon coollnc tho aolutlon Ma flltarad aad tha aolvant roMvad imdar
radnoad proaaura. Tha rMIdM Ma Mahad with haxaM, than dItMlvad In
03013, flltarad throuch allien and tha prodMt praolpltntad hy addition
of hoxoM. Thla wm flltarad off, waahad with haxaM and drlad undar
vaouiM (ylald 0.090c, 48»).

iBEAVIB[I»t(8NCI3)4(PCEI)

To a MIntloa of («3(8-01 )3CI3(PCt3)3J (0.14c, 1.0 x 10"* m 1) In
0 3CI3 (7 on*) ma added It™NCI (0.14c, 0.8 x 10" m 1), than 80013
(0.39c. 1.0 x 10" m1). Tha MIntlon wm atlrrad for 3 honra, flltorad
and raduoad to 3 on* under radnoad praaanra. Ethyl aeatnte (30 on*) wm
oarafnlly added to forn a aaparata layer on top of tha MIntlon. Thla
WM than left for o m weak at roon tanparatura, dnrilnc whleh rad naadlaa
prMIplUtad. Thaaa mra flltarad off, mahad with ethyl aeatata and

drlad under aaenun. (ylald 0.31c, 79»).

[«(»»013)3(9(091)3)31

A nixtura of Fill-(«CI3(P(0Ct)3)3] (0.19c, ».3 x 10" ml) and

onol3 (0.10c, 9.8 x 10** M 1) wMm dlamlvad In 0OC3013 (3.8 on*) and
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etlrrcd for 30 bIm . TIm MIatlra wu tten transfarrod to «n N.N.IL.
tuba.

[WE(COD)CI (P(p-C«30C, M4)3))

A mlIxturaof (Ui(CaO)CI]s* (0-33fF, 4.0 x 10~* aol) and PCp-CljoO
€osys (0.32F, 0.1 X io~* Mi) Mas dlaaolvad la CIjCl, (0 ea’). A
pal lon praelpltata foraad upaaaddltloa of ItOl. Tbo produet nos
flltorad off, Mashad MItli BtOH and drlad nadar vacuna, (ylald 0.B(,

OV (3P ca20C PG

A alxtura of [Mi(Co0)CI(P(p-al:0Cals):)] (0.Sy, 0.3 x 10~* m 1) and
snClj (0.3k, 1.0 X 10 ~ aol) waa dlaaolvad la acatoM (G oad).
(PtiC+t P PCI (0.3g, 0.0 X 10~ Mi) wat addod to aolntloa, Nklch waa
i"oOncad to 3 oa™ la a atroM of drp nltrogaa and than traMfarrad to an
N.N.R. tnba.

[Pt(BnPb3)3(Pb3Pai3ai3PPIi3)]

[Pt(Co s )(PI-PCI: CIs PPb. )] ~ (0.1Tg, 8.0 x 10““ m 1) wm anapaadad
la baaxaM (30 ca’). A larga axeaaa of PhsoaB (1.0 ea”’) wm addad to
tha atlraoJl aMpaMloa. Tha MIntloa wm tbaa flltarad aad tba prodMt
praclpltatad by addltloa of hoxaM, whlch wm tbaa flltarad off Mobad
wlth baxaM aad drlad nadar vacnua. (ylald 0.a0g, 00»).

[Pt, (PyCB3PPb3)3(0aCl3)3l

A alxtnra of [Pt:Cl: (Ph:Pal:PPh,):] ® (0.3g, 1.0 x 10"* m 1) and
OaCl, (0.0OH, 3.8 X 10 - Mi) 1la CB:Cls (8.0 al) wm otlrrod for 30
alM. Tba rad-oraaga MIntloa Mt tbaa traMfarrad tom M.g.g. tuba.

1Ta(0aPb3),]

A MIntloa of gana Ma praparad by addlag baM® (a.sg, 0.0 x 10~*

Mi) la HJO (80 OB*) to a atlrabj aMpoMloa of Ta (3.7g, 8.0 x 10~
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M1) In HjO (as cnSj tnnpnrntiirn. After 18 alna, the ranotloa
MS MTMd on n atoan bath for 10 alna, than alionad to oool to roon
taaparatnra. A solution of Ph~nCl (1l.ac, a.0 x 10~ m 1) In bonaana
(40 oa’) nas than added dropnlsa with stlrrinc. After the addition ms
ooaplata the raaetlon ms stlrad for a further 30 alna. The bansoM
layer was than soparatad off and avaporatad to dryness nadar radncod
prasaura. The product ms than raerystallltad froa diethyl ether/haaoM

to clva a white, air saasltlva product. (Yield Og, 70K).
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8« momuMcm M mn<nPM HfTmiBimt

Th* Multipla rMonanoM «MparlaMatM war« parforaad on apaclally
aodlflad JIOL rXPOQ and PX60 N.N.R. apaetroMtara. A aaparata fraonanoy
ganarator (Oanrad 1061) uaa uaad to provlda tba Irradiating radlo-
fraquanoy flald, uhlob aaa fad ala a tuaabla aiwllflar and a trap tunad
to tba daconplar fragaanoy (to pravont loaa of proton doeonplar powor)
to oltbar, tho doubly tunod dooouplar oolla (for hlgb fraquonoy
Irradiation) or to a apaelally uound aaparato coll la tba proba (for
low-fraquoBoy Irradiation, JiOl PX60 only). Tbla arrangaaant la
auaaarlaad In P10. 5.1.

no. 5.1

110g-PUQ.
(FX60 and FXPOQ)

A aaparata ooll oould not ba Inatallad In tba yxo0Q proba dua to
Ilaltatlona on apaoo.

Doing tbla aat up tba Irradiating radlo-fraquanoy flald la appllad
to tha aaapla eontlnuoualy tbrougbout tba pulaa aaquanoa. Tbla la qulta
aatlafactory In aany aultlpla raaocaanca aaporlaanta. mowaaar, undor
eortaln oondltloaa tbo Irradiating radlo-fraguanoy flald alll oanaa
alaetronle Intarforanoa ubleb alll raduea tba quality of tba apaotrun
obtalnad. Thla 1la aapaolally laportant In hotoronuolaar doublo

raaonanoa oaparlaanta, idiara tba aaapla la aubjaotod to a nuabar of

ais



dirr«r«nt radle-fraguMelaa (atiaalatlag flald. protoa doeouplar.

Mold, ate.). Alao latorfaroaeo problaas goaorally gat
Morao tba eloaor tha Irradiating fragiiaoco la to tho roaoaaat froguonoy
of tho oboorvod anolona. Aa aantlonod la Cbaptar Il Intarfaranoa can ba
alnlBlaad by radnolag tba powar of tha Irradiating radlo-fraquaacy
flald, but tbla nay not alaaya ba anfflelaat.

A battar way of radnolag latorforoaoa la to *gata* tba Irradlatli«
radlo-fraguaaey flald, ao that It la aot appllad eoatlnuoualy to tha
aanpla, but only during part(a) of tba pulaa aaguanoa.

In ordar to aynchroalaa tba awltoblng *on” and "off* of tha powar
of tbo Irradiating mdlo-fragnaney flald tba output of tba aaparata
fraquancy ganarator la aodulatad with an output froa tho apaotroaatar.
In thba eaaa of tba PK60 thla output la takon froa tba oaolllator circuit
for tba proton docouplor. Thla baa boon aodlflad, ao that tbo controla

gating tba proton daoouplar can ba uaad to proaldo a gatad output,
abllot tba protM daoouplar bypaaaaa tba oaolllator elreult and provldaa
oontlnuona proton daooupling to tba aaapla. In tha rn0Q aa output la
takon fron a apara obannal of tba oonputor, uhlob la oontrollad by tba
pulaa prograa allowing tba Irradiation to ba aynobronlaad with tha pulaa
aaquanoa. Tba raqulrad nodlfleatloa to tba aat op glvan In PIG. S.1 la

abowB la PIG. S.II.

Ufl> 9,11

(@) PGR PX60 - oaolllator circuit for proton daooaplar

PGR PX90Q - pulaa progranaor

aid



Th* way« In [lAloli tb* IrrndIntInf rndlo-fragiMaoy field In gated
ara different on the rXM and the rXMQ apaetroMtor. Thla la doa to
the nature of the output froa the apoctroaotor uaad In tho gating.

tliroo aaya of gating tba Irradiation oa the FXM. Tho flrat
tao conalat of oltbor baving tbo Irradiation tumad off during tha
aeciiaulatlon of tba P.1.t. and on for tbo root of tbo pulao aoquoneo, or
ytet YWtl- YI>lo la not of anob valoa for roduelng Intorfaronco, but
alloao different portorbatlon offoeta to bo aaparatod aa aantloaad In
Cbaptor 11. Tba third aay of gating tba daeouplor la to altoraataly
anlteb tbo Irradiating radlo-frotpionoy field and tbo rooolvor on and off

during tbo aoennnnlatlon of P.1.0. aa aboan la FIO 5.III.

MO. ff.wWi
OR
i«kMDIiATIi(iiLjn _j~Ljn__ri__r’
- -— —7— on Note that tha oa
perioda Miat not
RICBIVn overlap

ACCIM. PBRIOO

Yli* relativo tino tbo rooolvor la aaltcbod on coay®arod to tha

Irradiation can bo varlod, ablob affootlvoly obangaa tbo poaor of tho

appllod. Tbla notbod dooa bave tba dlaadvantaga tbat tbo

BAtIng la aynohronlaod altb tba aoouaulatlon of data pelata In tba

F.1.D. Tbla can roault In acao of tbo data pelata bolag alaaod nbon tbo
rooolvor la aaltobod off durine aocuaulatlon of tbo F.1.0.

Tbla problaa la avoldod altb tbo F190Q. Slnoo tbo apootroaetor
output uaod to gate tbo Irradiation la oontrollod by tba pulao prograuj
n pulao prograa oaa bo apoolally arlttea ao tbat Irradiatine radlo-
fraquoaoy flald la aaltobod on durine tha aoouaulatlon of tbo F.I1.D but

only In tbo gapa botaoon tho aoqulaltlon of aaob data point.
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UFli-Liy

OATH) QUTPUT

IO_‘I

P |
<I0
n» ragalrad radio fragaaocy far tho asparlaant la X Mta. Tba autpat

of Nadulator (3) la tha aaa and dlffaraaea of tba tao Inpata; tba (X-

20) Ms output la raaovad by tba tuoad Mpllflar.
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Con**q«MBtlf «Il data polats ara aoqulrad aad at do tlaa ara tiia
raoalaar and Irradlatlon on at tha aaaa tlaa, aialBlalat tha
latarfaranea oauaad bf tha Irradiatine radlo-fraquaBoy flald.

fatad oatpat aonld ha raduead to aaro dorine tha off
parloda, hot la practloa wlth tha arraneaaant ahom In PIO. s.ii aoaa
Irradiatine radlo-fragnanop poaar dona raaeh tha aaapla. (if tha
aaplltoda of tha eatad Irradlatlon la takan aa 1 dorine tha on parlod,
dorine tha off parlod, It eoa ha aa hleh aa 10"*). por aaap
aaparlaanta thla la aofflolant, hot ahara eraatar poaar attanoatloa la
nacaaaarp, tha Irradiatine radlo-fragoaney flald enn ha doohly eatad
(thla Bill Inoraaaa tha powar attanoatloa to 1 (“oa'™) : i0"* ("off)
oalne tha aat op aboan la PI0. o.IV.

Anothar prohloa that oan ooeor aapaolally wlth ralatlaa algn
dataminlne aoltlpla raaooaaoa aaparlaanta, whara partorbatlon affaeta
on tranaltloaa doa to ooopllne batwaan at laaat thraa noolal (aoaa of
whloh nay haaa lo* natoral ahondanolaa) naad to ha ohaarvad, H
aanaltlvlity. Hbara tha ohaarvad noeloua la ooaplad to protona aarlaata
of tha leePT polaa aaqgoanoa oan ha oaad to allavlata aaaaltlvity

prohlaaa (P10. S.V).
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m, g.
&y 90* 180» 90« 180«

180* 90» 180*

*"»CQOIRE-

Irradlaioa

A atandard IMIPT palaa aaqaaaca la aaad with a Modlflad
aequlaltloB piwaa. Aa axtra oatpat froa tiM apaotroMtara ooapatar.
modalatad wltk tfea oatpat ef a fraquanop gaaarator. la oaad to eoatrol
tha fatlof of tho Irradiation. Tbo Irradiation la applied daring tho
aequlaltlon pbaao of tbo palao aagnanoa. loiMvar aa doaorlbod for tbe
N*F*0Q Irradiation la not applied oootlaooaalp, bat la gatad, ao
that whllat ladlvldaal polnta of tha F.1.0. am balng aognlrod tba
Irradiation la anltohad off.
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