
3P126 
 

77
Se NMR!"#$%&'() !E

–1*+,-./01) 2 

 

(34 #56 17894 :; 2
) <= >? 17@ AB 17C  3D 17EF GH 2

 

 

IJKL NMR!"#$%.M*NOP?QR*ST&UVWX Y1)Z[\]^_`a

NMR!"#$%*+bcdefg&hi1)j*[klm_)nop!"q*rsQRa

NMR!"#$%.tuvw; Wxb1) QRNMR!"#$%.M*NOP?&

UVWX Y1)yz*{r. |WX}~.��X�)1n}~.��)&���Xda

��c������ ("p(N): calculated absolute paramagnetic shielding tensors).xbWX�

)n"p(N)daRamsey*�&'()���[WXT�R_��1, 2�a����*��dM

*������*� &¡¢1)Z[\£m_)��3�n¤¥da������*� 

�(#iocc#aunocc(!a – !i)–1).¦§&¨©!1)yz.ª«W�n¬*®¯1)yzda°�

.¦§±²³´]µ¶¨©1)j*]�)n 

 

"p(N) = #i
occ "p

i(N) (1) 

"p
i(N) = #a

unocc "p
i$a(N) (2) 

"p
zz(N) = –(µoe

2/2me
2)#i

occ#a
unocc(!a – !i)

–1%{<&i|Lz|&a><&a|Lz,NrN
–3|&i> + <&i|Lz,NrN

–3|&a><&a|Lz|&i>} (3) 

"
p
(N: M) =!–A #i

occ
#a

unocc
(!a – !i)

–1 
%  S

R
L: i$a (4) 

   [S
R

L: i$a = <&i|Lz|&a><&a|Lz,NrN
–3

|&i> + <&i|Lz,NrN
–3

|&a><&a|Lz|&i>]  

"
p

i$a(N) = (!a – !i)
–17(–AS

R
L;i$a) (5) 

(!a – !i)
–1

 = "
p

i$a(N)/(–AS
R

L;i$a) = [(!a – !i)
–1

 % "
p

i$a(N)]/["
p

i$a(N)]  (6) 

!Ei
–1 

= #a
unocc 

[(!a – !i)
–1

 % "
p

i$a(N)]/"
p

i(N) (7) 

!E
 –1

 = !i [!Ei
–1

 % "i
p
(N)]/"

p
(N) (8) 

 

I·¸[ª«KL �2–4QR�5\¹Q_)nº��5da�6.T�)(–ASR
L;i$a = "p

i$a(N)/ 

(!a – !i)
–1)nZZ]a�6*U»[U?.¼&½U1)Z[&t�Xa¾ NMR Yz&

¦¿1)(!a – !i)
–1*µ¶¨©m_�

-\ÀR_)[klm_)n·¸.

�7&£Wa!E–1[Á W�n�7d�

��*��&t)ST*4^m&Â

�X(!a – !i)
–1.µ¶¨©W�j[W

XÃÄm_)nÅ1&M*ÆÇ�È.a

HOMO-LUMO*������ (!HL)a

ÆÉ�!Ê��#Ë�  (!IP)'tÌ

"p
i(N)&Íj4^±ST.1)�� 

(&k)QR*IP (!IP-k)[[j&£W�n 

L Á 1&aSe*Hn (*: neutral, +, and –) 

&Î1) /·¸.£W�nÅ 2&

!EHL
–1 (= !HL

–1)a!EIP
–1 (= !IP

–1)a!EIP-k
–1 

k

c

b

l

d

!

0

!HL !IP !IP-k

"Ek
a

#p
HOMO(Se)

#p
j(Se)

#p
k(Se): largest 

contribution to #p(Se)

#p
l(Se)

(au)

HOMO

LUMO

j

a"Ek = 1/"Ek
–1, where "Ek

–1 being evaluated by 

 weighed averaging (!a – !k)
–1.

Fig. 1  Illustration of !HL, !IP, !IP-k, and "Ek.
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Table 1. The !E
–1

, !E
–1

rel, !E
–1

v, !EHL
–1

, !EIP
–1

, and !EIP-k
–1

 values for HnSe*Oo (* = null, +, or –; o = 

0–2), together with i in &HOMO, k in &k, and Qn(Se)
a–c

 

Species !E
–1d

 !E
–1

rel
 
!E

–1
v

e 
!EHL

–1f
 !EIP

–1g
 i

h
 !EIP-k

–1i
 k

j 
Qn(Se)

k
 

SeH
– 
(C"v) 2.943 1.064 2.950 7.287 –1754 18 7.539 16 –1.032 

SeH2 (C2v) 2.764 1.000
l
 2.766 4.332 3.935 18 3.935 18 –0.192 

SeH3
+
(C3v) 2.098 0.759 2.088 2.785 1.589 18 1.589 18 0.450 

SeH3
+ 

(D3h) 2.248 0.813 2.245 4.501 1.845 18 1.845 18 0.160 

SeH4 (Td) 2.475 0.895 2.486 9.987 5.454 19 2.293 16–18 0.213 

SeH4 (C2v) 2.050 0.742 2.035 6.521 4.974 19 2.636 18 0.346 

SeH5
+ 

(D3h) 1.804 0.652 1.776 5.064 2.054 19 1.384 18 0.612 

SeH5
+ 

(C4v) 1.806 0.653 1.783 5.866 2.032 19 1.366 16,17 0.594 

SeH5
– 
(C4v) 1.999 0.723 1.989 8.195 –276.2 20 4.735 17, 18 0.240 

SeH6 (Oh) 1.663 0.602 1.635 5.934 4.022 20 2.115 16–18 0.590 

H2SeO (Cs) 2.480 0.897 2.497 4.461 3.792 22 2.644 20 0.993 

H4SeO (C2v) 1.759 0.636 1.751 5.239 3.681 23 2.264 20 1.189 

H2SeO2 (C2v) 1.711 0.619 1.721 3.878 3.061 26 2.219 22 1.952 
a
 Calculated with the DFT-GIAO method employing the 6-311+G(3df,3pd) basis sets. 

b
 A utility program 

(NMRANAL-NH03G) being employed. 
c
 In au

–1
 for !E

–1
, !E

–1
v, !EHL

–1
, !E

–1
IP, and !EIP-k

–1
. 

d
 Weighted 

averaged over all occupied MOs. 
e
 Weighted averaged over valence MOs. 

f
 (!LUMO – !HOMO)

–1
. 

g
 –!HOMO

–1
. 

h
 i in 

&HOMO. 
i
 –!k

–1
: !k is the &k energy of which "

p
k(Se) contributes most to "

p
(Se). 

j
 k in &k. 

k 
Calculated based on 

the NBO analysis. 
l 
Taken as the standard. 
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Fig. 2  Plot of !E-1
HL, !EIP

-1, !EIP-k
-1, and !E-1 for HnSe*Oo (o = 0–2):   

    stands for !EHL
-1,     for !EIP

-1,     for !EIP-k
-1, and     for !E-1.


