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The perturbation theory for the calculation of nuclear spin-spin cou-

1,2

pling constants was first formulated by Ramsey, and has been applied to

molecular orbital wavefunctions in a number of calculations at various levels

3-10 One of the molecules undergoing the most extensive

of sophisticétion.
calculations for a nuclear spin coupling constant is hydrogen fluoride, since
~ this is oné of the few heteronuclear sysﬁems whose coupling has been measured
and which is acce;sible to accurate a-priori calculation.

The early empirical calculation on £his molecule by Pople and Santry4
gave a negative value. At the time éf this calculation the sign of JHF was
not known, but it héd probably Eeen assumed that it was negative on the basis
of Pople and Santry's arguments. Recently the sign has been shown by molec-
ular beam experiments to be positive (+530 Hz);ll. The next epoch-making
calculation on hydrogen fluoride is that of Kato and Saika.5 They used self
-consistent field orbitals as a basis and calculated the Fermi contact.
contribution £o coupling from fhe sum-over-states (S0S) perturbation formula.
Theferwere two intereétiﬁg features'in the Kato ané saika calculation. These
were: (1) All the minimum basis set SCF orbitals led to a large negative
coupling constant whereas extended basis 6rbita1s gave a large positive value.
(2) There was no sense -of convergénqe'in the SOS calculations; the higher
energy stétes gave large oscillating contributions to JHF.

Murrell et al.12 refined the calculation of Kato and Saika by the in-
clusion of configuration interaction. However, configuration interaction did

13 repeated the type of calcu-

not solve the convergence problem. Adam et al.
lation carried out by Kato and Saika by extending the analysis to larger
basis-set calculations on HF. Their theoretical values for HF, by using

14

Nesbet's molecular orbitals (9 o type orbitals) were +598 Hz, by McLean and

Yoshimine (16 ¢ type orbitals) were +501 Hz, and by Cade (18 ¢ type orbitals)

3L WBEBR . A5 230h, AL Bos
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were -270 Hz, respectively. Their~célculetions‘5howed no sign-of- conver-
gence as higher vertual levels were included. ‘COnseéuently, as more and
more virtual states were included, the individual contributions became
largef and. larger and fluctuated in sign. Oddershede et'al.15 exmined this
convergence problem and found that with less then 55 excitations the oscil-
lations of the calculated values are very strong. They sO concloded that
earlier published resultss'lz’13 dia not include mofé than 45 excitations13
which is the reasoﬁ why no one so farihad been able to reach oonvergence in
the S80S procedures, ’ '

In view of the importance of this molecule to‘the theory of coupling
constants we have therefore performed the finite perturbation (FP) calcu-

16

lations of JHF'

nuclear spin coupling constant have been discussed in detail elsewhere

The FP method and its application to the calculation of
7,8
and thus the final expression only will be presented here. The final expres-

sion for the coupling constant is

2 : .
Jpp = (L6hy,vg8 /9A)J§puv(x)<u|6(?5)lv>, (1)

where p is the induced spin density matrix and XA, the perturbatioﬂ parameter,
represents the perturbation oﬁing to the nﬁcleat moment of nucleus A. The FP
theory provides a straightforward expression to the nuclear’séin—spin cou-
pling constant. Eq. (1)>represents that the nuclear spih?spin coupling energy
originates from a local spin density distribution in a closed shell molecule,
which arises from the magnetic field due to a nuclear spin dipole moment.

The perturbation, A, induces the negative spin density at the nucleus A, and
JAB depends on the reponse of the soin density.at the nucleue B_in the condi-

tion that its whole space integral is zero. It can be shown that the sign

of the coupling constant J is equal to the sign of —p(A)p(B)YAYB where p(A)

AB
and p(B) are the local spin densities at the nuclei, A and B, respectlvely.

Namely, if the local sp1n den51tyes at the both nuclei have the same sign,

IaB have a negatlve sign for a positive sign of YaYg' and vice versa.

We have employed several contracted Gau351an -type ba51s sets; STO- 6G17
(with Ran51l 518 best-limited exponents), 4- 3lG,19 6-—31G,20,double—zeta,z‘l'22
and [5s3p/3s] basis contracted by Dunning23 from the primitiGe f955p/4s]

basis24 with a scale factor of 1.2 for the hydrogen functions. ‘Our results
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are given in the Table. ~Although the data are limited, one may attempt to
postulate from the results in the Table that the FP calculations show a

clear convergence to the experimental value of JH as greater bases are used.

F
It seems that the FP method is superior to the S0S perturbation.approach in
the calculation of the nuclear spin-spin coupling constant. ’in the  SOS
procedures the molecular orbitals are normally chosen to minimize the unper-
turbed grouﬁd state energy. This gives a good description of ground state
properties (the first order properties) but does. not necessarily iead to an
optimal choice for excited states. In AFP schemes the second order pertur-
bation energy as coupling constants is calculated using only the best ground
state wavefunction of the perturbed Hamiltonian.

The calcuiations were performed on a FACOM 230-75 at the Hokkaido
University Computing Center. It is a pleasure to express our appreciation
to Dr. F. Sasaki for providing us with several useful computer programs for

the two-electron integral.

Table Summary of used molecular orbitals and calculated
results.
. i total energy JHF'
type of basis function

: {a.u.) (Hz)
STO-6G -99.5074 - ~947
4-31G -99.8874 216
6-31G -99.9835 . 259
double-zeta ) -100.0152 295
[553?/35] -100.0254 322

experimental ~ -100.480% 530°

a J. W. €. Johns and R, F.‘Barrow,‘Proc. Roy. Soc. (London)
A251, 504 (1959).

b See Ref. 11,
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1} D b
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O CHz

oz0
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n )
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a$® o3
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Table 1. L3¢ spin-lattice relaxation times. NTl {sec)., of PT2H and T2HA.

s L c-1* c-2 .c-3 c-4 c-5 c-6
PT2H-D,0 Micelles 10.0 0.50 0.46 0.73 1.77 3.53
Monomers 71.3 5.6 4.0 6.4 8.6 16.8
PT2H-CD,0D 41.1 2.5 2.6 4.4 5.6 13.2
T2HA-Dioxane 11.9 1.7 . 2.5 2.0 3.4 5.4
'. B k i : k C-l*: Ty values ;
TCh, :0%d AREMI I VAT Ho BN G EECF5ETII I %id: ek
T, »3) . st IKEBoe st v raE Mo sy Ao T b AL on
5.3 t:,b;’iliwxém tk oI s T TRICR B L w5, PT2H-cD; 0D %0
PC BAHG M @ PT2H-D:0-% 7 7i—m)§ﬂ_t.§>.& Y E b,  hadF I~ &7,
PT2H" 2 ) 2 - KT h bt edF, -5 . T2HA 0 "C BARRE I PT2H-2 ) R - o
ARSIPLET o, ThaABL . o B KELEL I BARTBESTL 0T H
brArions, s | ,
e S b REBoe T r Yo B OEREI NS eI FTREHR 20 v R -)-
v ‘/?I:mn:f’fliu—qu. AREWa ., PT2HARABR? 32 vZaRTIPVLEVBL - Ao
BEAREZL. vy vRA-2-ax2 )4 b AFYyrRR et X arvR-4-vas vENK
v vhdLn, —cH,-(;cH=cH-ﬁ3t1" 3. ~E&ELoHY) - FHh bl by,
it bt skewd 2o o3 v H-Ft-yy VoA Ehh, LE, T, PT2H o HHh~. trans-
cid , gaucke-cia | trans- skew | Jauchz-skw,;mcﬁe'-skwm{om\ﬂﬂxii‘id&ﬁﬁi b
o, PT2HABR 33 v AR 7t ho BB R v, i BoabBEdkaBirs
et swoahEthhcrry, tod b r, 1, sREoHmE K.
skew®o3--o@EEHEKn 5 trans-skew L o B ArX P e H s £ ¥bY, T
5. ‘ B :
#.72 . Tatlls s FRA 20T INT EHoLda. 2031d) Havk-4-va vEO
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W T2, C4aF 08-S aNTHEEIDN s T b, oFRa. “CHELLH=LH-
ntbYoRBEEEY tans-skew B CHES LIS C s b B L LN, ‘
—rinpAvI FoBRARE— ‘
B 13 PT2H-D0BR o “C-rin iy 7t (THSHBERE) o BEKBHEF T,
e ALERT IR FHENL TR, ~ ' :
- X == X K=(xJ/00" - (3)
ARERCL, 1000 T AKRECBTA PC-TaaLy7biEm(R)I-0%h iR
LT B )M EaRE B TAN S ARy 7 b £ Susdt THE. £ ) 2-KACKI. I 2L
B aRoXTEAb T D, '
(X3 = Cu( 6m- Eobst)/ S ,‘ ﬂtxn)‘CtgobsA/&.‘ ...... @)
I (Ct Sobsa)=n In(Ct(Fn-Suss)) + b K + L — (M=) fn Em -~ (5)
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Table 2 13C Chemlcal ‘shifts (ppm) for PTZH-DZO solution (Ex. Rf. :TMS).
B oL S c-2 C-3 c-4 c-5 c-6
Micelles” 175.80 143.95 128.92 35.12 22.85 14.92
'Mohémeré 177.51 147.21 127.49 34.62 22.24 14.16
B ’ -1.71 = -3.26 1.43 0.50 0.61 0.76

m
D CoSbst € In{Ct(Sm-Sbsd)) % 705 P AR T . A BB 0 TR > b AAR LT KL 5,
C-3ECALenT ALY TIEF- T hETNEEpHbE . 37T n=5, ¢4 T N=7 %k
& r. '

C-l1tc2o0ct- 73T Nfe sy BBESHY 7L & L. ¢3~Cbov-73hB%
Y9 P ETh(TableR), 2 o 55 'J’Tlﬂ_)\/=/7|-7;'ft,k:l‘/=l'~->‘-°/a s it oWk
whhoMBATH .,

CRIKD ) HOKABAYASHI & d. Bull Clm.. Soc Jupan | 1975, 48 , 2264, (® BRysson, J. Phys . Chown.
1976, 89 2124 (3) U Henviksson ob. db. Colloid Z.?%/m Sei., 1976, 258 3%, (4) H OKABAYASHI.
. d. 1 be published . ,
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Table I. Polarization Shifts, Ac(ppm),
by Tetra-n-butylammonium Halides?

a
salt Ac(ppm) Ac(ppm)

(n- C4H9)4NC1 -0.75 -2.92

A 20}
(n— C4H9)4NBr -0.48 :—2.51 :

' . o — ]

(n=C,Hg) ,T -0.06 -2.30° 0 5 . 10
R .

Fig. li Hydroxyl proton. shielding

curve calculated by wusing point
charge model.

a Ref. (4).
b Used salt was tetra-n- heptylammonlum
iodide.
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5, 3FRm?¥K?ﬁﬁ§@alss *

AXE2, NodEsrRi 324, 25k

IR (F3Le9HE@) @ 220 A%

bA, FH)Mm41/n7n?R«?eii

ﬁﬁiM” Cal7ﬂ?¢&ﬁRJ%R\'F

2.3A 23Az$9 X#LO%RI%],b‘
5 2.408% 6%, nitveatim  ° |

nEMn2B@N LT oot LeFsh |

TehenT. ﬁRm4ﬁ?I5Kﬁ@T ‘Wm_

33373408, RoF3AFERIGE |
$XEp 50 RBELIEH 0L b 0 —
VAR TS (HRRoFHGTY)RCE R A

: Fig, 2. Hydroxyl proton shielding
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Table 11,

Anion Déependence of

A, for Lithium- and Calc1um‘

Salts in Acetone

Anlon

" Cation Ac(ppm):
it c1o -1.84
it NO -1.92
it Br . =1.86
it 1 ~1.88
- ca?t c1o -2.33
2+ -2.22

Cca

i “475f; ;‘;k

curve calculated by using point
S charge model’,
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Table IV.. A. by Somé Cations Other
Than the A1k§1i and Alkaline Earth
Metal Ions in®Acetone.

" cation salt AC (ppm)
zn?t : zncl, -4.42
Zn2+ ZnBr,. . - =4.75
gnet Zn(SCN), . -5.23
ca®t cdr, -3.43
24 :
ca®? - cd(wog), -3.78
ug?t HgCl, = -=6.42
: ng+ . HgBr, - -2.84
L2 : ‘
Hg Hg(N03),  -9.54
sn?* sncl, . -5.27
sp>t SbCl,  =5.49
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Table 1 7
(1) (1) (I11a)

c-11 H-12, 5.5 6.7
H-12, 30 37 0
H-10, 7.3
H-10,  #1.5 1.5 |
c-6 H-12, <2 - 4.3 6.7 (1), Re-H (I11), R=-H
H-12, <2 4.9 4.0 (ITa),R=-CH, (I11a) ,R==CHy

b i, bat (III) # /B LTV AL AL ERRNLS2OMBRBIMKC, ZFEH
BROERBRCHBELW LR EZTLESR BTERECBHFEOTZLZTT.
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