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ABSTRACT 

In this study the chemical properties of B6C4Si and C16 Clusters connected vitamin C have been 
investigated using density functional theory (DFT). NMR parameters and HOMO- LUMO Gap 
energy are calculated by using density functional method (B3LYP) with 6-311G* basis set. 
Calculations show that HOMO- LUMO Gap energy of vitamin C decreases after connecting to 
B6C4Si or C16 cluster decreasing of HOMO- LUMO Gap energy, causes that vitamin C can act better 
as an electron donor and antioxidant. The NMR results show that vitamin C connects stronger to 
B6C4Si cluster in negative charges than positive charge. Thus by creating a negative field, vitamin C 
can be connected to the B6C4Si cluster and delivered easily by a positive filed. But for C16 cluster, the 
NMR results are quite different. 
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INTRODUCTION
1 Since the end of last decade extensive 
research have been focused on group-IVA 
elemental clusters such as Cn , Sin, Gen ,
Snn and Pbn for both fundamental and 
technological reasons while very limited 
experimental and theoretical investigations 
performed on binary AmBn or ternary 
AlBmCn clusters (A, B, C= C, Si, and Ge) 
[1-5]. Over the past several years, various 
ab initio investigations have been 
performed on SimCn binary microclusters, 
including the second-order Moller-Plesset 
(MP2) and coupled cluster singles and 
doubles (CCSD) calculations on Si4C, [6] 
MP2 or higher-order perturbation (CASP2) 
on Si2C4, Si3 C3 and Si2C4 [1,7]. MP2 and 
CCSD(T) on Si3C2 and CCSD(T) and 
 
*Corresponding author: h.aghaie@srbiau.ac.ir 

tight-binding molecular dynamics studies 
on SiGe, Si2Ge2, and Si2Ge4 [8].  

On the other hand vitamin C is 
considered the most important water-
soluble antioxidant in extracellular fluids 
[9-12]. It is capable of neutralizing radical 
oxygen species (ROS) in the aqueous 
phase before lipid peroxidation is initiated. 
Vitamin C is an electron donor and 
therefore a reducing agent. All known 
physiological and biochemical actions of 
vitamin C are due to its action as an 
electron donor [13]. It donates two 
electrons from a double bond between the 
second and third carbons of the 6-carbon 
molecule. It is also called an antioxidant. It 
prevents organic compounds from  
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oxidation [14-17]. Due to the importance 
of vitamin C as an antioxidant in this study 
we used B6C4Si and C16 clusters as novel 
carriers for the vitamin C.  
 
COMPUTATIONAL METHODS 
The vitamin C, C16 and B6C4Si clusters 
were geometrically optimized using 6–
311G* basis set with the Gaussian 03 by 
the B3LYP method (figs 1-4). Also 
HOMO–LUMO gap energy and NMR 
parameters were calculated using DFT 
method.  

a) The isotropic value σiso of the 
shielding tensor which can be defined as: 

[18, 19] 

)(
3
1

332211 σσσσ ++=iso  

b) The anisotropy parameter (∆σ) can be 
defined as: 
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And 

c) The asymmetry parameter (η) is given by: 

If isoiso σσσσ −≥− 3311 δ
σσ

η 3322 −=

If isoiso σσσσ −≤− 3311 δ
σσ

η 1122 −=

Fig. 1. The optimized structure of B6C4Si cluster. 
 

Fig. 2. The optimized structure of B6C4Si cluster inside vitamin C. 
 



T. Ardalan et al. /J. Phys. Theor. Chem. IAU Iran, 9(2): 103-116, Summer 2012 
 

105

Fig. 3.The optimized structure of C16 cluster. 
 

Fig. 4.The optimized structure of C16 cluster inside vitamin C. 
 
RESULTS AND DISCUSSION 
Calculation of NMR parameters   
We studied B6C4Si and C16 structures as 
novel clusters for vitamin C carrier the 
NMR calculation on vitamin C before and 
after connection to B6C4Si or C16 cluster 
were performed in electric field of charges 
(Table 1-4). 

The remarkable feature in these 
calculations is observed in calculations of 
η and δ for B6C4Si. We can see completely 
similar curves for η and δ (fig 5 d and e). 
This similarity exists after connecting 
B6C4Si cluster to vitamin C (fig 6 d and e). 
this similarity is not observed for C16 
cluster (figs 7 d and e). Although for 
B6C4Si cluster the maximum and 
minimum points for all curves are around 
0.4 and positive and negative areas show 
the completely different behavior. So we 

can find that most chemical shielding is 
around 0.4. There is a main different 
between σaniso and σiso curves. In a σiso 
curve minimum is around 0.4 but in σaniso 
curve maximum is around 0.4. This is also 
predictable and shows that these curves are 
very sensitive. We want to examine that 
what changes occur if the vitamin C 
connect to B6C4Si cluster and under what 
circumstances the vitamin C establishes a 
strong connection and in what situation the 
connection would be weak. The results 
show that vitamin C connects stronger to 
B6C4Si cluster in negative charges than 
positive charge. Thus by creating a 
negative field, vitamin C can be connected 
to the B6C4Si cluster and delivered easily 
by a positive filed. 
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For C16 cluster the maximum and 
minimum points for all curves are around 
0.3 and positive and negative areas show 
completely different behavior. Figure 8 

shows that after connecting to vitamin C 
the positive and negative regions are 
altered. 

 
Table 1. List of calculation NMR Parameters for B6C4Si by B3LYP/6-311G* method. 

Atom σiso 
(ppm) 

σaniso 
(ppm) ∆E(J) δ(ppm) η ∆σ(ppm) Dipole 

Moment(D) 
Atomic 
Charge 

C(1) 15.404 203.2859 

-1549257658 

-88.3601 -0.466230799 203.286 

1.1104 

-0.215358 
C(2) -2.2178 141.5942 -81.9187 -0.793537983 141.5942 -0.321866 
B(3) 52.835 133.0963 -39.7417 -2.426232396 133.0963 -0.175145 
B(4) 104.4853 76.483 19.3555 6.162119294 76.48305 0.155613 
C(5) 12.9332 133.6278 -77.8318 -1.187749737 133.62785 -0.130329 
C(6) 65.8703 87.9347 -33.3222 -4.194257882 87.93465 0.092395 
B(7) 105.1492 72.6798 40.571 1.989181928 72.67985 -0.181616 
B(8) 48.4045 90.9911 -24.2665 -3.489633857 90.9911 0.211138 
B(9) 56.0825 99.8971 -11.4899 -5.965813454 99.8971 0.053974 

Si(10) 308.6142 558.0335 -73.8824 -5.318868905 558.0335 0.501028 
B(11) 68.2477 105.0258 -26.8745 -4.473657184 105.02585 0.010166 

Table 2. List of calculation NMR Parameters for B6C4Si / vitamin C by B3LYP/6-311G* method. 

Atom σiso 
(ppm) 

σaniso 
(ppm) ∆E(J) δ

(ppm) η ∆σ 
(ppm) 

Dipole 
Moment(D) 

Atomic 
Charge 

C(1) 51.7685 127.4634 

-
3344427381 

-63.0873 -0.653047444 127.4634 

5.6394 

-0.211545 
C(2) -2.5195 313.2724 -135.1915 -0.417893876 313.2725 -0.372082 
B(3) 45.8692 75.3988 -9.3024 -6.458258084 75.39875 -0.141152 
B(4) 40.0682 71.1351 -23.6464 -3.383424115 71.1351 0.34487 
C(5) -58.3641 365.9541 -245.8767 1.221857134 -281.2689 -0.143581 
C(6) -25.182 312.2761 -179.9386 -0.563132091 312.2761 -0.085223 
B(7) 21.531 131.4559 -117.0886 0.313053534 -207.9294 -0.066106 
B(8) 17.5675 195.8474 -78.1012 -0.778123768 195.8474 0.156929 
B(9) 43.0596 78.3748 -11.2975 -4.9979553 78.3747 0.041118 

Si(10) 241.4842 202.8658 116.1229 0.99445329 202.8658 0.829306 
B(11) 57.04 104.2714 -12.6414 -5.525376936 104.2714 0.00795 
C(12) 104.2406 43.2761 79.6617 0.254915474 43.2761 0.187514 
C(13) 25.4729 113.046 -51.6688 -1.527409191 113.046 0.194192 
C(14) 56.7928 67.8508 -8.7491 -9.812437851 67.8508 0.121348 
C(15) 10.6239 75.2396 -81.2274 0.104251767 -137.777 0.396513 
O(16) 121.3811 156.8511 -60.4514 -4.286046312 156.8512 -0.296342 
C(17) 105.1926 33.8447 86.6905 0.166581113 33.8447 0.141879 
C(18) 118.813 45.5454 98.1639 0.111392274 45.54535 0.251546 
O(19) 310.4372 36.2503 277.3162 0.151722474 36.25035 -0.165642 
O(20) -66.5163 541.3324 -322.0786 1.447516848 -383.3434 -0.319878 
O(21) 202.8512 158.1074 116.1113 0.586290051 158.1074 -0.570839 
O(22) 224.4761 121.2611 169.9778 0.165644572 121.2612 -0.133047 
O(23) 290.335 69.8927 257.0295 0.077873551 69.8927 -0.167728 
H(24) 27.1572 5.0029 24.2492 0.102296158 5.0029 0.255797 
H(25) 28.1006 5.5426 24.9932 0.100811421 5.5426 0.234532 
H(26) 28.5546 5.1436 23.555 0.278934409 5.14355 0.222904 
H(27) 28.7463 8.2144 23.0642 0.255283079 8.21445 0.176376 
H(28) 30.8951 13.7685 21.2429 0.476648668 13.7686 0.384019 
H(29) 27.6404 12.4636 19.6492 0.390514627 12.46365 0.426796 
H(30) 31.2802 16.39 21.7369 0.375403116 16.38995 0.397656 
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Table 3. List of calculation NMR Parameters for C16 by B3LYP/6-311G* method. 

Atom σiso 
(ppm) 

σaniso 
(ppm) ∆E(J) ∆

(ppm) η ∆σ 
(ppm) 

Dipole 
Moment(D) 

Atomic 
Charge 

C(1) 144.5872 93.3762 

-1591181.246 

-37.3666 -0.334055012 93.37615 

0.7791 

-0.466909 
C(2) 35.7451 325.6738 -292.024 0.486971628 -438.036 0.030961 
C(3) 79.5391 292.1153 -212.695 0.831202658 -319.042 0.020178 
C(4) 23.9893 204.9921 -260.08 0.050917795 -390.12 0.148009 
C(5) -118.524 419.7173 -466.681 0.199155269 -700.022 0.222305 
C(6) 154.5825 349.5217 -185.146 -0.741458651 349.5217 -0.217261 
C(7) 99.9966 175.213 -143.482 0.62820503 -215.222 0.402346 
C(8) 86.0205 219.6147 -113.832 -0.713812588 219.6147 0.172774 
C(9) -239.227 580.4599 -418.436 0.849616059 -627.655 -0.060074 

C(10) 34.9214 136.9272 -91.3025 0.999612278 -136.954 -0.096271 
C(11) -7.5029 150.9186 -80.8242 -0.755168625 150.9186 -0.395778 
C(12) 134.3722 195.4777 -143.26 0.819322018 -214.891 -0.095303 
C(13) 1.8131 183.4231 -83.964 -0.54363894 183.4231 0.10134 
C(14) 57.0167 232.6991 -149.724 -0.963872763 232.6991 0.166453 
C(15) -49.1642 361.9883 -390.367 0.236402229 -585.551 -0.050202 
C(16) -31.3948 269.5492 -252.568 0.422981016 -378.851 0.117433 

Table 4. List of calculation NMR Parameters for C16 /vitamin C by B3LYP/6-311G* method. 

Atom σiso 
(ppm) 

σaniso 
(ppm) ∆E(J) ∆

(ppm) η ∆σ 
(ppm) 

Dipole 
Moment(D) 

Atomic 
Charge 

C(1) 83.0791 124.7556 -3389066610 
 

-59.8977 -0.611459205 124.7557 3.9941 
 

-0.419824 
C(2) 17.5169 314.4882 -151.6071 -0.848173997 314.4882 0.176006 
C(3) -8.4071 243.9314 -143.5676 -0.750169955 243.93145 -0.042687 
C(4) -120.9721 417.6694 -400.9731 0.690548817 -420.00155 0.179916 
C(5) 6.081 114.3054 -96.5746 0.515161336 -153.98345 0.297922 
C(6) 33.5337 147.8079 -34.6205 -1.090963447 147.80785 -0.088355 
C(7) 12.4461 204.1295 -182.6148 0.422265337 -292.59135 0.141554 
C(8) 11.742 151.8907 -110.3976 -1.295487402 151.89065 -0.017765 
C(9) -45.7468 293.0887 -213.5008 0.902768046 -297.06475 -0.0686 

C(10) -30.2892 120.726 -179.447 0.065814976 -223.73665 -0.097895 
C(11) 44.6122 191.9118 -115.5461 -1.664923351 191.9118 0.108883 
C(12) 153.6682 109.9127 89.24 0.622828328 109.9127 -0.036932 
C(13) 28.005 55.3391 -19.0601 -3.00300628 55.3391 -0.025677 
C(14) 21.0921 152.8095 -40.8595 -0.539169593 152.8095 -0.072851 
C(15) -75.2379 164.8101 -241.4911 0.221513754 -249.3798 0.137649 
C(16) -26.2074 213.0911 -142.8569 1.172305993 -174.9743 0.007632 
C(17) 100.362 43.3451 79.7429 0.15476613 43.34515 -0.076323 
C(18) 21.0423 133.2635 -73.529 -1.364091719 133.26355 0.301221 
C(19) 32.917 93.6112 -38.2561 -2.089567415 93.61125 0.160405 
C(20) 1.7726 121.227 -109.6795 0.457550408 -167.17815 0.522007 
O(21) 62.6252 204.8119 -178.9042 -1.936888569 204.81195 -0.435309 
C(22) 100.1009 22.7542 84.4828 0.190177172 22.75415 0.025979 
C(23) 118.936 51.1741 95.317 0.137665894 51.17415 -0.058041 
O(24) 275.1244 153.8505 204.8868 0.185020216 153.8505 -0.559429 
O(25) -254.7399 625.3822 -575.7099 0.890853362 -481.45495 -0.318766 
O(26) 86.3413 131.586 0.4174 201.5421658 131.58595 -0.517916 
O(27) 187.8892 134.081 113.0446 0.533435476 134.081 -0.57416 
O(28) 251.2965 106.1611 210.1944 0.054378708 106.16115 -0.550953 
H(29) 27.4432 4.665 25.042 0.067586455 4.66495 0.228107 
H(30) 28.0884 4.866 24.6285 0.149249853 4.866 0.178602 
H(31) 28.2509 7.8649 22.3644 0.291964014 7.8649 0.171712 
H(32) 28.1733 5.6183 23.4359 0.244466822 5.61835 0.203087 
H(33) 32.5386 14.1223 24.8772 0.237482514 14.12225 0.35415 
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Fig. 5. Plot of a) σiso(ppm), b) σaniso(ppm), c) ∆σ(ppm), d) δ(ppm) and e) η versus atomic charge for B6C4Si cluster. 
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Fig. 6. Plot of a) σiso(ppm), b) σaniso (ppm), c) ∆σ(ppm), d) δ(ppm) and e) η versus atomic charge for B6C4Si cluster 
beside vitamin C. 

-��

-��

-��

-��

-��

-�

�

�

-��� -��� -��� -��� � ��� ��� ��� ��� �

η

Atomic Cherge

-1500

-1000

-500

0

500

1000

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

Atomic Charge

σaniso

e

b

-400

-200

0

200

400

600

800

1000

1200

1400

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

Atomic Charge

σiso

a

Atomic Charge



T. Ardalan et al. /J. Phys. Theor. Chem. IAU Iran, 9(2): 103-116, Summer 2012 
 

112

Fig. 7. Plot of a) σiso b) σaniso c) ∆σ d) δ and e) η versus atomic charge for C16 cluster. 
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Fig. 8. Plot of a) σiso b) σaniso c) ∆σ d) δ and e) η versus atomic charge for C16 cluster beside vitamin C. 
 

Table 5. HOMO, LUMO and HOMO- LUMO Gap energies. 
C16 cluster beside 

vitamin C B6C4Si cluster beside vitamin C Vitamin C  
-0.23359 

-0.18401 

0.04958 

-0.21210 

-0.12834 

0.08376 

-0.26814 

-0.09013 

0.17801 

HOMO energy (eV) 

LUMO energy(eV) 

HOMO-LUMO gap energy(eV) 

Calculation of HOMO, LUMO and 
HOMO- LUMO Gap Energies 
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LUMO and HOMO–LUMO Gap energies 
for vitamin C and vitamin C beside B6C4Si 
or C16 cluster using B3LYP method and 6-
311G* basis set. Table 5 demonstrates that 
HOMO energy of vitamin C increases and 
HOMO–LUMO Gap energy decreases 
 

after connecting to B6C4Si or C16 cluster.  
Vitamin C is an electron donor (reducing 

agent or antioxidant), and probably all of 
its biochemical and molecular functions 
can be accounted for by this function [20-
23]. Also by decreasing of HOMO-LUMO 
Gap energy for vitamin C beside B6C4Si or 
C16 cluster, vitamin C can act better as an 
electron donor and antioxidant. 
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CONCLUSION 
The chemical properties of B6C4Si and C16 
Clusters as vitamin C carriers have been 
investigated using DFT method. NMR 
parameters, HOMO, LUMO and HOMO- 
LUMO Gap energies are calculated. The 
results of HOMO–LUMO Gap calculation 
show that HOMO- LUMO Gap energy of 
vitamin C decreases after connecting to 
B6C4Si or C16 cluster and by decreasing of 
HOMO- LUMO Gap energy, vitamin C 
can act better as an electron donor and 
antioxidant. The calculation of NMR 
parameters shows that vitamin C connects 
stronger to B6C4Si cluster in negative 
charges than positive charge. Thus by 
creating a negative field vitamin C can be 
connected to the B6C4Si cluster and 
delivered easily by using a positive filed 
but for C16 cluster, the NMR results are 
quite different.  
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