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∇ 2ρ Expt. Theory

LS

HS
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(a)                                            (b)              

(d)                                            (e)              

Fermi hole function along Fe-N bond

HS

LS

Reference spin N

Fe

N

Fe
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L=-100 eÅ-5

LS HS

Iso-value surface of Laplacian around Fe
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d orbital populations of Fe

DFT6.341.931.881.760.370.40

DFT

Expt

Expt

6.091.861.051.031.061.09
6.701.271.511.301.361.27Fe’

(HS)

6.751.801.881.730.720.60Fe
(LS)

totaldx2-y2(t2g)dyz(t2g)dxz(t2g)dxy(eg)dz2(eg)

x

y
z

N2

N1

DFT

Expt.

DFT

Expt.

8.757.02

9.797.79
Volume (Ǻ3)

1.401.30

1.181.05Charge (e)    

Fe‘(HS)Fe(LS)

AIM charge and  volume of Fe
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S7NH0.00
0.01

0.04
0.06

0.53
0.90

0.08
0.103.506S1…H1

2.880

[H2N(CH3)2][H(HC4O4)2]0.0100.0390.7010.0543.183O4…H3
2.764

Mn(HC4O4)2(H2O)4-0.0890.2221.8980.3402.744O2…H3
1.794

Mn(HC4O4)2(H2O)4-0.1300.2481.6830.3932.696O4…H6
1.757

Mn(HC4O4)2(H2O)4-1.7740.020-25.0501.6462.462O3…H2
1.232

Mn(HC4O4)2(H2O)4-1.3760.262-15.9211.4342.451O2…H1
1.226

[H2N(CH3)2][H(HC4O4)2]-1.0660.487-8.2671.1902.432O2…H6
1.219

CompoundHbGb∇2ρcρcO…O
Bond/

BP

Hydrogen Bonds
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Symmetrical hydrogen bonds O2…H1…O2

Mn(HC4O4)2(H2O)4

Δρ ∇2ρ Iso-value surface 
of ∇2ρ

ρc: 1.434
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Symmetrical hydrogen bonds O3…H2…O3

Mn(HC4O4)2(H2O)4

Δρ ∇2ρ
Iso-value surface 

of ∇2ρ

ρc: 1.646
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[H2N(CH3)2][H(HC4O4)2]

O1…H5…O3 O2…H6…O6

Iso-value surface of ∇2ρ
ρc: 0.486 ρc: 1.190

J. Phys. Chem., 1994, Vol.98, No. 45, 11685-11693
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Thiourea-S,S-dioxide   

Inter-molecular Interaction

H-bond

Chem. Eur. J., 2003, 9, 3112-3121

C---S; N---O interaction
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N-H1···O

dimer(DFT) crystal(PDFT)

expt(XD) PDFT/XD

2.837Å
176.6
ρc: 0.178
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N-H2···O

Dimer(DFT) Crystal(PDFT)

Expt(XD) PDFT/XD

2.826Å
158.4°

ρc: 0.146
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Weak intermolecular interactions 
C ··· S’ interaction

DFTExpt
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Net atomic AIM charge and molecular 
dipole moment (Debye)

16.315.514.614.212.6Dipole moment

0.750.720.580.550.46-C(NH2)2

-0.75-0.72-0.58-0.55-0.46-SO2

0.7070.6020.5380.5500.500H2

0.6710.6110.5220.5020.410H1

0.8930.7901.2771.2211.214C

-1.452-1.246-1.407-1.386-1.287N

-1.255-1.339-1.362-1.347-1.313O

1.7591.9552.1452.1412.164S

Expt/
KRMM

PDFT/
XD

PDFTHeptamerMonomerAtom
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S7NH

monomer(DFT) Crystal(PDFT)

PDFT/XD Expt(XD)

ρc: 0.08

J. Phys. Chem. Solids, 2004, 65, 1957-1966
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S7NH

monomer(DFT) Crystal(PDFT)

Expt(XD)PDFT/XD

86

S7NH

monomer(DFT) Crystal(PDFT)

PDFT/XD Expt(XD)
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Secondary Interaction

CompoundHbGb∇2ρcρcBond/BP

Thiourea S,S-dioxide
0.01
0.01

0.04
0.03

0.77
0.65

0.06
0.05

S…C

S7NH
0.01
0.01

0.04
0.03

0.67
0.53

0.06
0.04

S4…S3

Thiourea S,S-dioxide
0.005
0.004

0.01
0.02

0.26
0.27

0.02
0.02

O…N

S7NH
0.01
0.01

0.03
0.04

0.36
0.61

0.06
0.05

S2…S3

S7NH
0.01
0.00

0.04
0.04

0.64
0.61

0.07
0.06

N…S4
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SummarySummary
Accurate diffraction data in company with DFT calculations can be used 
as an effective tool for chemical bond characterization.
Non spherical electron density can be visualized via deformation density 
maps.
Bond characterization can be classified by the magnitude of ρ(rc), H(rc) 
and Fermi hole function.
M-L coordinated bond is dative but with certain extent of covalency. 
Bond strength is such that M-Nimine> M-S > M-O.
M-L multiple bond is covalent, the bond strength is much bigger than 
that of M-L coordinated bond.

●

●

●

●

●

VSCC can be demonstrated by the isovalue surface of ∇2ρ,
its quantitative description can be achieved by atomic graph.
A range of H-bond is illustrated
Weak intermolecular interactions are depicted.

●

●




