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ABSTRACT 
 

The normal mode frequencies and corresponding vibrational assignments of Pt(CN)4
2- ion have been theoretically examined 

by means of standard quantum chemical techniques. All normal modes have been assigned to one of six types of motion 
(CN and Pt-C stretching, Pt-CN in plane and out of plane bending, C-Pt-C in plane and out of plane bending) utilizing the 
D4h symmetry of Pt(CN)4

2- ion. Calculations have been performed at HF, BLYP and B3LYP levels of theory using the 
Lanl2dz effective core basis set. Infrared intensities and Raman activities of vibrational frequencies have also been 
calculated. Theoretical results have been successfully compared against available experimental data.  
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Pt(CN)4

2- İYONUNUN TİTREŞİM FREKANSLARI 
VE YAPISAL İNCELEMESİ 

 
ÖZET 

 
Pt(CN)4

2- iyonunun normal mod frekansları ve bunlara karşılık gelen titreşim işaretlemeleri standart kuantum kimyasal 
teknikler yardımıyla kuramsal olarak incelenmektedir. Tüm normal modlar Pt(CN)4

2- iyonunun D4h simetrisi kullanılarak altı 
tür hareketten (CN ve Pt-C gerilme, Pt-CN düzlemde ve düzlem dışı bükülme, C-Pt-C düzlemde ve düzlem dışı bükülme) 
birine işaretlenmektedir. Hesaplamalar etkin çekirdek baz seti Lanl2dz kullanılarak HF, BLYP ve B3LYP yöntemleri ile 
yapılmaktadır. Titreşim frekanslarının infrared şiddetleri ve Raman aktiviteleri de hesaplanmaktadır. Kuramsal sonuçlar 
mevcut deneysel verilerle başarılı bir şekilde karşılaştırılmaktadır. 
 
Anahtar kelimeler: Titreşim işaretlemesi, normal mod frekansı, tetrasiyanoplatin (II) iyon, DFT, Lanl2dz. 
 

 
I. INTRODUCTION 

 
The tetracyanoplatinate (II) ion (Pt(CN)4

2-) is one of the 
most important coordination compounds for inorganic 
chemistry and has been frequently used as bridging group in 
some metal complexes which are used as molecular sieves, 
hosts for smaller molecules and ion exchangers [1-3] and in 
various conductor [4, 5], semiconductor [6] and sensor [7] 
materials. Experimental data of the geometric parameters 
and vibrational spectra of Pt(CN)4

2- ion exist in the literature 
[1, 3, 6, 8-10]. The B3LYP density functional model 
exhibits good performance on electron affinities, excellent 
performance on bond energies and reasonably good 
performance on vibrational frequencies and geometries of 

inorganic or ion compounds [11-14] as well as organic and 
neutral compounds [14-19]. The Lanl (Los Alamos National 
Laboratory) basis sets, also known as Lanl2dz (Lanl-2-
double zeta) and developed by Hay and Wadt [20-22], have 
been widely used in quantum chemistry, particularly in the 
study of compounds containing heavy elements.  
  
A detailed quantum chemical study will aid in making 
definitive assignments to the fundamental normal modes of 
Pt(CN)4

2- and in clarifying the experimental data available 
for this ion. In this study, the vibrational spectra of Pt(CN)4

2- 
have been examined using the HF, BLYP and B3LYP 
methods with the Lanl2dz effective core basis set and 
compared against available experimental data.  
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II. COMPUTATIONAL DETAILS 
 
For the vibrational calculations, molecular structure of 
Pt(CN)4

2- ion was first optimized by HF, BLYP and B3LYP 
models with Lanl2dz basis set. For the B3LYP/Lanl2dz 
calculation (-490.608246 a.u.), energy was found lower than 
the others (-490.467251 a.u. for BLYP and -487.473181 a.u. 
for HF). After the optimization, the vibrational frequencies 
of Pt(CN)4

2- were calculated using the same methods and the 
basis set under the keyword freq = Raman and then scaled to 
generate the corrected frequencies. Additionally, in the 
calculations all frequencies were positive. The computations 
were performed using the Gaussian 03 program package 
[23]. The calculations utilized the D4h symmetry of 
Pt(CN)4

2- (Figure 1). Each of the vibrational modes was 
assigned to one of six types of motion (CN and Pt-C 
stretching, Pt-CN in plane and out of plane bending, C-Pt-
C in plane and out of plane bending) by means of the 
GaussView program [24] using the DFT output files. 
 

 
 

Figure 1. Structure of Pt(CN)4
2- ion. 

 
The symmetry of the title ion was also helpful in making 
vibrational assignments. The symmetries of the vibrational 
modes were determined using the standard procedure [25] of 
decomposing the traces of the symmetry operations into the 
irreducible representations of the D4h group. The symmetry 
analysis for the vibrational modes of Pt(CN)4

2- was 
presented in some detail to describe better the basis for the 
assignments. The symmetry elements of the D4h group have 
been ordered according to Vincent [25]. For the CN 
stretching modes, the four CN bonds were used as a basis. 
The k operator has a trace of four. The C2

ı and the v 
operators have a trace of two. All other operators except E 
have a trace of zero. Thus, the four CN stretching modes 
possess symmetries A1g, B1g and Eu. The remaining modes 
were also determined with similar processes.  
 

III. RESULTS AND DISCUSSION 
 
Pt(CN)4

2- ion consists of 9 atoms, so it has 21 normal mode 
frequencies and belongs to the D4h point group with the E, 
2C4, C2, 2C2

ı, 2C2
ıı, i, 2S4, k, 2v, 2d symmetry 

operations. Within this point group, we can distinguish 
between 15 in plane and 6 out of plane normal modes. In 

plane modes belong to the symmetry species A1g, A2g, B1g, 
B2g and Eu. On the basis of the symmetry properties of the 
dipole moment and polarizability operator, it can easily be 
seen that the A1g, B1g and B2g modes are Raman active 
whereas the Eu modes are IR active. The A2g modes are 
neither IR nor Raman active. We identify the A1u, B1u, A2u, 
B2u and Eg modes as out of plane normal modes. Among 
them only the A2u and Eg modes are IR and Raman active, 
respectively. The remaining modes display no IR and 
Raman activity. The use of these selection rules has aided 
the assignments of the vibrational modes of Pt(CN)4

2- ion. 
Figure 2 presents a view of the normal modes of Pt(CN)4

2-.  
 

 
 

Figure 2. Normal modes of Pt(CN)4
2- ion. 

 
The calculated vibrational frequencies for Pt(CN)4

2- ion at 
HF, BLYP and B3LYP methods with Lanl2dz basis set are 
given in Tables 1–3, together with experimental data, for 
comparison. The correction factors are obtained by taking 
the average of the ratios between the computed and 
experimental frequencies for all modes of a particular 
motion type [11, 13]. The computed correction factors for 
the HF, BLYP and B3LYP models using the Lanl2dz basis 
set are presented in Table 4. These correction factors have 
been used to generate the corrected frequencies in the last 
column of Tables 1–3. 
 
Bytheway and Wong performed similar calculations using 
the B3LYP/Lanl2dz on a set of 50 inorganic molecules. 
Their correction factor was within 1 % 1.00 [12]. 
Additionally, Check  et al.’s correction factors were 1.167 
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and 1.065 of B3LYP method for Lanl2dz and Lanl2dzpd 
basis sets on a set of 36 metal halide molecules [11]. It can 
be seen from Table 4 that average correction factors for 
B3LYP and BLYP in this study are found as 1.0143 and 
1.0619, respectively. Determined correction factors in this 
study are similar with previously reported values [11, 12].  
 
Table 1. Normal modes of Pt(CN)4

2- ion calculated at the HF level of 
theory using the Lanl2dz basis set. 
 

 
 
a Units of IR intensity are km/mol. b Units of Raman scattering activity are 
Å4/amu. c Taken from Ref. [11, 12]. d Frequencies multiplied by the 
correction factors in Table 4. ip; in plane, oop; out of plane. 
 
Table 2. Normal modes of Pt(CN)4

2- ion calculated at the BLYP level of 
theory using the Lanl2dz basis set. 
 

 
 
a Units of IR intensity are km/mol. b Units of Raman scattering activity are 
Å4/amu. c Taken from Ref. [11, 12]. d Frequencies multiplied by the 
correction factors in Table 4. ip; in plane, oop; out of plane. 
 
The biggest difference between the experimental and 
corrected wavenumbers is 60 cm-1 for HF, 27 cm-1 for 
BLYP and 26 cm-1 for B3LYP. The experimental and 
theoretical correlation values are found to be 0.99923 for 
HF/Lanl2dz, 0.99983 for BLYP/Lanl2dz and 0.99985 for 

B3LYP/Lanl2dz. It can be seen that the B3LYP/Lanl2dz 
calculation is better than the others.  
 
According to the experimental geometric parameters, the 
four Pt-C and CN bonds lengths are ranging from     1.98 
Å to 2.02 Å and 1.11 Å to 1.16 Å, respectively [1, 3, 6, 8]. 
The calculated distances of the Pt-C and CN bonds for HF 
are about 2.05 Å and 1.16 Å. The Pt-C bond is about 2.04 Å 
for BLYP and 2.02 Å for B3LYP while the CN bond is 
1.21 Å and 1.19 Å, respectively. Regarding the results, 
B3LYP for the Pt-C bond distance is better than HF and 
BLYP whereas HF for the CN bond length is better than 
the others. 
 
Table 3. Normal modes of Pt(CN)4

2- ion calculated at the B3LYP level of 
theory using the Lanl2dz basis set. 
 

 
 
a Units of IR intensity are km/mol. b Units of Raman scattering activity are 
Å4/amu. c Taken from Ref. [11, 12]. d Frequencies multiplied by the 
correction factors in Table 4. ip; in plane, oop; out of plane. 
 
Table 4. Correction factors for the normal modes of Pt(CN)4

2- ion. 
 
Band motion Lanl2dz Basis Set 
 HF BLYP B3LYP 
CN stretching 0.9111 1.0609 1.0095 
Pt-C stretching 1.0894 1.1311 1.0882 
Pt-CN ip bending 1.1000 1.1530 1.0970 
Pt-CN oop bending 0.9304 1.0594 1.0063 
C-Pt-C ip bending  0.7983 0.9223 0.8879 
C-Pt-C oop bending * 0.9429 1.0449 0.9971 
Average 0.9620 1.0619 1.0143 
 

* Experimental values are not available for comparison. Average values of 
the bending vibrations in related method have been used. 
 
Table 5 presents the Mulliken charge distribution of 
Pt(CN)4

2- ion at the HF, BLYP and B3LYP levels of theory 
with Lanl2dz basis set. Regarding the calculations, there is a 
considerable positive charge on platinum atom (Q = 0.4056, 
Q = 0.2632 and Q = 0.3192 for HF, BLYP and B3LYP, 
respectively) with a corresponding negative charge on each 
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carbon and nitrogen atom. This suggests that the ion is held 
together in part by electrostatic forces. 
 
Table 5. Mulliken charge distribution for Pt(CN)4

2-. 
 
Atom Lanl2dz Basis Set 
 HF BLYP B3LYP 
Pt  0.4056  0.2632  0.3192 
C -0.2597 -0.3010 -0.2981 
N -0.3417 -0.2648 -0.2817 
 

IV. CONCLUSIONS 
 
The normal mode frequencies and corresponding vibrational 
assignments of Pt(CN)4

2- ion have been completed with 
good accuracy. Comparing the computed vibrational 
frequencies with experimental spectra available in the 
literature, a set of scaling factors is derived. For the 
calculations, it is shown that the corrected results of B3LYP 
method with Lanl2dz effective core basis set are excellent 
agreement with the experimental values.     
 

V. REFERENCES 
 
[1] M. Munakata, J. C. Zhong, I.Ino, T. Kuroda-Sowa, M. 
Mackawa, Y. Sucnaga, N. Oiji, Inorg. Chim. Acta, 317, 268, 
2001. 
[2] T. Akitsu, Y. Einaga, Inorg. Chim. Acta 360, 497, 2007. 
[3] M. Vavra, I. Potocnak, M. Kajnakova, E. Cizmar, A. 
Feher, Inorg. Chem. Commun., 12, 396, 2009. 
[4] O. Pana, L. V. Giurgiu, S. Knorr, J. Rahmer, A. Grupp, 
Mehring, M. Solid State Commun., 119, 553, 2001. 
[5] L. Ouahab, Coordin. Chem. Rev., 178-180, 1501, 1998. 
[6] A. D. Dubrovskii, N. G. Spitsina, A. N. Chekhlov, O. A. 
Dyachenko, L. I. Buravov, A. A. Lobach, J. V. Gancedo, C. 
Rovira, Synthetic Met., 140, 171, 2004. 
[7] S. M. Drew, J. E. Mann, B. J. Marquardt, K. R. Mann, 
Sensor. Actuat. B, 97, 307, 2004. 
[8] M. L. Colin-Moreau, Struct. Bond., 10, 167, 1972. 
[9] G. J. Kubas, L. H. Jones, Inorg. Chem., 13, 2816, 1974. 
[10] D. M. Sweeny, I. Nakagawa, S. I. Mizushima, J. V. 
Quagliano, J. Am. Chem. Soc., 78, 889, 1956. 
[11] C. E. Check, T. O. Faust, J. M. Bailey, B. J. Wright, T. 
M. Gilbert, L. S. Sunderlin, J. Phys. Chem. A, 105, 8111, 
2001. 
[12] I. Bytheway, M. W. Wong, Chem. Phys. Lett., 282, 
219, 1998. 
[13] J. O. Jensen, J. Mol. Struct. (Theochem) 728, 243, 
2005. 
[14] J. B. Foresman, A. Frisch, Exploring Chemistry with 
Electronic Structure Methods, Second Ed., Gaussian, Inc., 
Pittsburgh, 1996. 
[15] A. P. Scott, L. Radom, J. Phys. Chem., 100, 16502, 
1996. 
[16] A. D. Becke, J. Chem. Phys., 98, 5648, 1993. 

[17] Ö. Alver, C. Parlak, M. Şenyel, Spectrochim. Acta A, 
67, 793, 2007. 
[18] Ö. Alver, C. Parlak, M. Şenyel, J. Mol. Struct., 923, 
120, 2009. 
[19] Ö. Alver, C. Parlak, M. Şenyel, Bull. Chem. Soc. 
Ethiop., 23, 85, 2009. 
[20] P. J. Hay, W. R. Wadt, J. Chem. Phys., 82, 270, 1985. 
[21] W. R. Wadt, P. J. Hay, J. Chem. Phys., 82, 284, 1985.  
[22] P. J. Hay, W. R. Wadt, J. Chem. Phys., 82, 299, 1985. 
[23] M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. 
Scuseria, M. A. Robb, J. R. Cheeseman, J. A. Montgomery, 
Jr., T. Vreven, K. N. Kudin, J. C. Burant, J. M. Millam, S. S. 
Iyengar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi, G. 
Scalmani, N. Rega, G. A. Petersson, H. Nakatsuji, M. Hada, 
M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. 
Nakajima, Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li, 
J.E. Knox, H. P. Hratchian, J. B. Cross, C. Adamo, J. 
Jaramillo, R. Gomperts, R. E. Stratmann, O. Yazyev, A. J. 
Austin, R. Cammi, C. Pomelli, J. W. Ochterski, P. Y. Ayala, 
K. Morokuma, G. A. Voth, P. Salvador, J. J. Dannenberg, 
V.G. Zakrzewski, S. Dapprich, A. D. Daniels, M. C. Strain, 
O. Farkas, D. K. Malick, A. D. Rabuck, K. Raghavachari, J. 
B. Foresman, J. V. Ortiz, Q. Cui, A. G. Baboul, S. Clifford, 
J. Cioslowski, B. B. Stefanov, G. Liu, A. Liashenko, P. 
Piskorz, I. Komaromi, R. L. Martin, D. J. Fox, T. Keith, M. 
A. Al-Laham, C. Y. Peng, A. Nanayakkara, M. 
Challacombe, P. M. W. Gill, B. Johnson, W. Chen, M. W. 
Wong, C. Gonzalez, J. A. Pople, Gaussian 03, Revision 
C.02, Gaussian, Inc., Wallingford CT, 2004. 
[24] A. Frisch, A. B. Nielsen, A. J. Holder, Gaussview 
Users Manual, Gaussian Inc., 2000. 
[25] A. Vincent, Molecular Symmetry and Group Theory, 
Wiley: London, 1977. 
 


