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ABSTRACT 
In recent work, thermal energy gaps. AE, it °PUPS gas, Ana; Gibbs free energy gaps, AG.,, between singlet 
(s) and triplet 0) states of 5.12C3H2C, I m (\4 N. P. As and Sb) were calculated and compared with those 
analogues. MC2113C, 	(M= CIL N. P. As and Sb) at B3LYIE6-311-NG" level of theory. Our itself showed 
that Gibbs free energy gaps. AG, for l uu and 1 p are less than IS and I's, respectively. In contrast, the ACL., for 
1dd  and Is, are more than 1', and I 	respectively. The AG,., between singlet and triplet states of I f  and 1'd, 
were changed in the order: l vt,> I As  > 	> 	> IN; 'Sb > rcs 	> 	>Uw, respectively. 
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INTRODUCTION 
Divalent carbenes and their analogues are strongly 
reactivd.Carbenes have been found to be useful from 
fleeting intermediates to powerful reagents2. Recently. 
caranes have been used as ligands in the preparation 
of special complexcs3. The cyclic completely 
conjugated species have an Important role in the 
chemistry of divalent carbene intermediates4d2  These 
divalent structures have been described in terms of the 
Huckel 4n + 2 rule''. Non-planar conformers have 
been used for ground state of the most of these singlet 
cyclic conjugated carbencs through theoretical studies°. 
The isolation of the stable five membered cyclic 
conjugated carbene was reported by Arduengo12 .For 
the first time Ab initio calculations have been carried 
out for the determination of the stability and singlet-
triplet energy gaps five of membered cyclic conjugated 
carbon° and their analoguesuEE. In this work, the 
effects of lateroatoms were studied on singlet-triplet 
energy gaps for divalent tivamembered ring 542C2H2C, 
1 M (M=N. P, As and Sb). 

arapencling author, mtshcmi@Niarif.edu  

COMPUTATIONAL METHODS 
Full geometry optimizations of 15.42Culi2C, Im (STE 
N, P. As and Sb) were carried out by density 

functional theory (DFT) model (Schemel I. 

Gaussian 03 offers a wide variety of DFT models°, 
one of which is B3LYT method. The B3LYP 

method is funned through a combination of 

Becke's three parameter hybrid function and the 

LYP semi local correlation functional system and 

6-311d-fist basis set are used with 133LYP 
methods Id For Sb atom in the molecule, the 

calculations was cmvied out by LANLEDM basis 

set. Simultaneously, for other atoms in the 

molecule, 6-311-aG** basis set was used. 

Keyword "Frey" was used in order to fund 

thermochemistry parameters including thamal 

enema (E), enthalpy (H) and Gibbs free energy 
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RESULTS AND DISCUSSION 
Thermal energies (E), enthalpy energies (H) and 
Gibbs free energies (G) were calculated for 
divalent five-membered cyclic di-hetaoatom 
structures M2C2H2C, Id (M- N, P, As and Sb) and 
compared with those analogues mono-heteroatom 
MC2H3C, M (11= CH, N, P, As and Sb) at 
133LYP/6-311G* and 133LY£76-31 DEG" levels 
of theory. Considering the SIM of molecules probed. 
and the consistency of the results obtained, these 
AD initio levels paned to be appropriate. For the 
simplicity, only the data acquired through the 
highest level of theory (133LY12/6-311++G") were 
reported (Scheme I and Table D. Thermal energy 
galw. AL; enthalpy gaps, AH,z; Gibbs free energy 
gaps, AG„„ between singlet (s)and tiplet (5) states 
of In  and I'd  were calculated at 1331.223/6-
31 IDPG** level (Table 2). Geometrical parametew 
including bond lengths (R). bond angle (A) and 
dihedral angle (D) of Isi and I'd  wcm calculated at 
133LYP/6-311-TFG** level (Table 3 and Figure I). 
The OFT calculations indicated that the singlet 
states of lp, lx.  and I'd  (M= CH, N. P. As and Sb) 
have a nonplanar conformation relative to their 
corresponding planar tnplet states. Both singlet and 
triplet states of I N  and ld  have a planar 
conformation (Table 2 and 3). 

All triplet states of Id  and I'd  arc more stable 
than their related singlet states. Therefore, Gibbs 
Dee energy gaps. AG te between singlet and triplet 
states show a positive value. The AG., between 
singlet and tiplet states of I d  and I'd  at B3LAT/6-
31 IDEG** level were changed in the ordannanee 
of (in kcal/mol) (Table 2): ' Sb (21.90) > l. (14.95) 
> Pc (9.60) > lp (8.22) > IN (I.73): 	(1 8.88) > 
l'd  (14.43) > Pp (10.07)> lb (9.60) > 184(8.50). 
Increasing the stability of singlet or triplet states 
responsible would decrease the AG,, which is 
explained by comparison relative energies between 
various singlet and mplet states. With respect to 
relative energies, one concludes that increased 
instability for singlet state of Id  and I'd  from M = 
N to M - Sb is responsible for obtaining a higher 
AR. (Figure 2). 

Instability for singlet state of I n  and I'M with 
replacement of heavy heteroatom (from M = N to 
M = Sb) could reasonably be explained by 
following factors. The higher atomic radius of a 
heteroatom (M) increases the bond length :C40. 
Therefore, carbenic center prefers to have 
nonbonding electrons in atomic orbitals with a less  

percentage of s-character. The as weharacter of 
nonbonding electrons leads to decrease in stability 
of singlet state. Another factor is the polarity of the 
:C-M bond. The iC-C bond in i  l'e  is nearly 
nonpolar, but the :C-M bond at Id  is strongly 
poladzed bonds in this direction :C-I30: Strongly 
polarized bond destabilize the singlet state.' 

The AG,., between I d  and I'm  were compared 
with replacement of heavy hetematorns from M - 
N to M = Sb. The AG,., for Is and lp is less than for 

and Pp. respeaixely. In contasl, the AG,, for 
I d  and Isp are more than for VA, and 	I 

Bond lengths (R) in In and I'd indicated that all 
bonds :C-M (M = P, As and Sb) tend to have a 
single bond (Table 3). Heaay atoms with single 
bonds are more stable than at double bonds. The 
stability of heavy atoms at single bonds of In  and 
I'd  were reported by Kutzehfigge  "Single bonds 
between first row elements are weak and multiple 
bonds are StIOTIS, whereas the second or higher row 
elements single bonds are strong and multiple 
bonds are weak." Therefore, P and As atoms 
construct a weak double bond and make a single 
bond between I d  and I'd. 	 II 

Singlet state of Is has an allenic (N=N) form 
while singlet state of Las well as Id  tends to have 
ea:beide form (As-C-As and Sb-C-Sb) (FIGURE 
I). However, singlet state of lp tends to how an 
intermediate between allenic and carbonic font" 
(P=C=P). Therefore, it is concluded that 
electronegative and electropositive substiluents at a 
position of I n  tend to have agate and caloanic 
form. 

Singlet state of I'm tends to have kri olefinic 
form. However, double bond in I'd  was formed 
between nitrogen and carbenic center whil double 
bond in 	(Al P. As and SO was formed 
between carbon and cabana center. 

X\\  

lx 	 1  x 
X - N, P, As andSh 

Scheme I. Divalent AssscancIedssobC)1m and ]'M  7= 
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Table]. Thermal energy. (E), enthalpy (10. Gibbs free energy 3(3), In kcal/mol, at B3LYP/6-311-3kG" for the 
singlet (s) and dpiet .(0 states of lx and 13, (X= N, F, As and Sb). 

l'x  

Compound ZPE 9 H 	 G 
Singlet state 

IN 27.39 -141083.11 -141082.52 -141102.19 
lp 22.31 -500788.72 -500788.13 -500809.94 

21 20 -2878384.80 -2378384.21 -2378407.17 
lq, 20.27 -79123.35 -79122.76 -79147.24 
re  41.53 -120903.60 -120903.00 -120922.94 
Ix 34.41 -130994.45 -130993.86 -131013.43 
l'i. 32.29 -310847.12 -31084652 -310867.17 
FM 31.53 -1499646.22 -1499645 63 -1499667.32 
I'sp 31.10 -100018.11 -100017.51 -100039.96 

Triplet state 
IN 27.78 -141084.69 -141084.10 -141103 92 
IF 23.12 -500796.40 -500795.80 -500818.16 

1 21.99 -2873398.61 -2878398.01 -2378422.12 
131,. 21.24 -79144.36 -79143.76 -79169.14 

41.86 -120912.85 -120912.25 -120932.54 
13i 34.90 -131002,46 -131001.86 -131021.92 
Pp 32.45 -310856 5 -310355.91 -310877.24 
l'A  32.08 -1499660 1 -1499659 5 -1499681.8 

31.83 -100036.56 -100035.96 -100058.85 

Table 2. Thermal energy differences AE, enth lpy differences 	and Gibbs energy diberences, AG, „ 
between brgItt (5) and triplet 0 states, in kcaUmol, at 931 YP,6-311 H-G" for 13i and I'm (1,43 N, P, As and 

Sh) 

Compound AEm  AFIss  AG,4  
IN 1.58 1.58 1.73 

7.68 7.68 8.22 
13.81 13.81 14.95 

Isb 21.00 21.00 21.90 
l'c 9.25 9.25 9.60 

8.00 WOO 8.50 
Fp 9.39 9.39 10.07 
Cc 1390 1390 14,43 
11x, 1845 1845 18,88 
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l j  
'fable 3. Bond lengths (A). bend angle (degree) and dihedral angles (degree) at 133LYN4 

31 	for and 	(M= N, P, As and Sh) 

Compound RI 2 R2,3 123,4 R4,5 EINI A2,I,3 D332.1.5 P4,5:1. 

singlet state I 

I N  1.24 1.46 1.38 1.46 1.24 143.1 0.1 803 .. 	. 	. 
lp 1.70 1.80 1.40 1.80 1.70 141.9 29.1 1 	-29.1 
las  1.82 1.95 1.37 1.95 1.82 146.9 0.2 
hp 2.04 2.14 1.37 2.14 2.04 141.6 27.9 -27.9 
I 'e 139 1.40 1.47 1.37 1.43 116.7 31.2 3 	30.2 

iN 1.29 1.37 1.44 1.41 1.40 122.6 29.7 !. 	30.3 
Up 1.70 1.81 1.43 1.39 1.38 131.9 27.4 I 	30.6 
I's, 1.94 1.84 1.42 1.43 1.30 123.6 28.1 , 1 	32.2 

l'su 2.19 2.06 1.40 1.45 1.33 120.3 -23.4 1. 	2 	.2 

Tnplet state 	
1 

. 
IN  1.35 1.32 1.48 1.32 1.35 1193 0.0 ' 	I 0:0 
ip 1.71 1.85 1 35 1.85 1.71 124.3 0.0 . 0.0 
las  1.83 1.97 1.34 1.97 1.83 124.2 0.0 ! 	10.0 
I N, 2.03 2.18 134 2.18 2.03 124.7 0.0 : 0.0 
I' 1.43 1.37 1.48 1.37 1.43 112.9 0.0 . 	'0.0 
l'N  1.30 1.37 1.45 1.37 1.47 114.6 0.0 .. 	.0.0 
l'p 1.83 1.77 1.38 1.47 1.34 115.3 0.0 . 	1 0.0 
I ' 1.95 1.92 1.36 1.47 1.34 114.6 0.0 , 	10 
Cat  2.16 2.14 1.35 1.48 1.33 113.9 0.0 ' ' 	0.0 
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Bond types for singlet and triplet slates of IM and I'm  ((14 N, P, As and Sb). 
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Multiplicity 

Fig. 2. Diagram of energy vs. multiplicity of I x. 
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CONCLUSION 
Heteroatom effects were investigated on singlet- the AG, , for 1n and lw  is mom than fdr 12t, and 

triplet energy gaps for divalent five-membered 	isa. respectively. I 
cyclic di-heteroatom structure% AliC2112C, ly. (M- 
N, R. As). The AG,.1  between singlet and triplet ACKNOWLEDGMENT 
states of lm  and I'm  at B3LYP.16-311441-G** level 
were changed in the order On kcallmoIL 1st  > t> 
l'c  > lp > IN; 	> 	Irp > Le > l'u. The AGA 
for IN and lp is less than for 13;  and Pp. In contrast, 
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