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SERS STUDIES ON A NOVEL COPPER 
PORPHYRIN AND ITS COMPLEX WITH DNA 

Keywords Copper (11) complex of meso-tetris (4-N-cyano methyl pyridyl) porphyrin, 
SERS, Double-stranded DNA, Denatured DNA, Silver sols 

Guangming Zhou 

(School of Chemistry and Chemical Engineering, Southwest- 
China Normal University, Chongqing, 4007 15) 

ABSTRACT 
The SERS spectra of copper (11) complex of meso-tetris (4-N-cyano methyl pyndyl) 

porphyrin (Cu"NACN) and the complexes with the calf thymus double-stranded and 
denatured DNA on silver sols obtained by reducing AgNO3 with citrate and the effect of pH 
and the concentration of CU'INACN have been investigated. It was pointed out that. 
pH=5-6. the concentration of Cu"NACN ca Ix 10.' mol/L are better for SERS. CU'INACN 
acts on Ag sols through the pyridyl N and the porphyrin core together, and is absorbed on 
Ag sols in the slope-on form which is not influenced by adding the double stranded and the 
denatured DNA. In the system of Ag sols, Cu"NACN acts on the double stranded DNA at 
phosphate by electrostatic force, but maybe part-intercalates the single stranded of the 
denatured DNA accompanied with the electrostatic force similar to the double stranded 
DNA. 
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1 INTRODUCTION 
The porphyrins, as colorimetric or fluorescent agents have been studied extensively by 

analytical chemists. The alkaloids of porphyrins and their complexes with metals play 
important roles in many biological functions. Moreover they can be used as models of anti- 
cancer agents', Some porphyrins can restrain HIV-1 virus caused by AIDS2. Understanding 
of the action of porphyrin on biological molecule from molecular structure has been studied 
in chemistry, medicine, and biology to understand the biological mechanism and based on 
the results to select the porphyrins of biological activity. Surface-enhanced Raman spectra 
(SERS) have been proved to be a powerful tool to obtain structural information of 
fluorescent chromophores at very low concentrations3. The very high enhancement (up to 
lo') of the intensity of the Raman spectra of molecules close to (a few angstroms) or 
adsorbed on a metal surface permits the structural study of small pharmacological probes, 
even at the femtogram level4. It has been used to determine the structure of the adduct of 
benzo(a)pyrene-DNA', ellipticine, 2-N-methylellipticine and their complex with DNA6, 
adriamycin, lldeoxycanninomycin and their complexes with DNA'. This paper 
investigated the SER spectra of a novel kind of porphyrin, cbpper 01) complex of meso- 
tetris (4-N-cyano methyl pyridyl) porphyrin (CuI'NACN) and its complex with DNA on 
silver colloidal surface, assigned their wavenumbers, discussed the absorption mode on the 
silver surface, the effect of pH value and the concentration of the porphyrin on the SERS, 
and finally analyzed the action model of double stranded DNA and single stranded DNA on 
the porphyrin. 

2 EXPERIMENTAL 
This SERS spectra were recorded by a Jobin-Yvon U-1000 double monochromator 

controlled by a computer, and a photon-controlled system with a thermoelectrically cooled 
RCA C3 1034A photomultiplier, An Ar' laser device was used as a radiation source, the 
UV-240 spectrophotometer was used to measure the concentration of DNA. 

The department of chemistry, Wuhan University. furnished the copper (11) complex of 
meso-tetris (4-N-cyan0 methyl pyridyl) porphyrin; The colloidal silver solution was 
prepared in the manner described in reference 8 and 9; 

Calf thymus DNA was purchased from Huamei Biotechnology Corporation and used 
as received. Bulk solutions were obtained by dissolving the nucleic acid in NaCl solution at 
10.' mol/l. stirred under 4 "C for 24 h, and then treated with supersonic vibrations for 20 
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min. The concentration was determined (as basic couple) using an extinction coefficient 
E~~ = 13200. The solution of denatured single-stranded DNA was prepared by heating the 
solution of 1x10" mom double-stranded DNA in 90 "C water bath for 20 min, then 
cooling in ice-water bath immediately". 

2.1 Experimental Procedure 
Quantities of CuI'NACN or its complexes were mixed with double-stranded DNA and 

denatured single-stranded DNA together with vary of silver sol, and sealed in a 2-mm inner 
diameter capillary tube, the tube was placed on the sample holder perpendicularly, Raman 
spectra were then recorded via 90" set-up. The laser wavelength was 488.0 or 5 14.5 nm, 
the emission slit was 400 pm, and the scan rate was Icm-'/0.3s. 

3 RESULTS AND DISCUSSION 
3.1 RRS and SER Spectra of Cd'NACN 

Figure 1 illustrated the resonance Raman spectra of CU'INACN at 488.0 nm exciting 
and the surface-enhand Raman spectra at 488.0 nm and 5 14.5 nm exciting wavelength 
respectively. The Table 1 lists the corresponding shifts and their assignments. It was 

indicated that although the concentration of Cu"NACN was high, up to 2.5X lo4 molL, 

the laser wavelength 488.0 nm and the laser power 400 mW, the resonance Raman 
scattering intensity was still small. While with 488.0 nm and 5 14.5 nm exciting at  the laser 
power 100 mW and 60 mW respectively, although the concentration of Cu"NACN was 

1 X l o5  mom, the intensities of the SERS peaks were higher than W. It indicated that the 
surface enhancement of the silver sols was obvious, nevertheless the corresponding peaks 
were different in the extent of enhancement, these differences provided the information of 
the absorption pattern of the porphyrin on the surface of silver sols". According to the class 
of the vibration mode of Zn"TMPP(4) by Ok-Keun Song". we classified the vibration 
mode of Cu"NACN into A, B, C and D kinds, and calculated the relative ratio of the SERS 
intensities to the RRS signals. which are listed in Table 1 with subscripts. Among the 
characteristic spectra of 225, 408, 670, 749, 803, 904. 1005, 1099, 1203, 1224, 1261, 
1358. 1376, 1458, 1563, 1643 cm-I, the bending mode of the pyridine and the in-plane 
vibration mode of the porphyrin were enhanced larger, and that the stretching mode of 
pyridine and the out-plane vibration mode of the porphyrin were enhanced smaller. If thc 

molecule of porphyrin were face-on the surface of silver sols, the enhancement of the out- 
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FIG. 1 RRS and SERS spectra of CunNACN 
A. RRS, 2 .5~10"  moVL, 488.0 tun, 400 mW; 
B. SERS, 1.5x105moVL, 488.0 nm, 100 mW; 
C. SERS, 1.5x105moVL, 488.0 nm, 100 mW. 

plane vibration mode of porphyrin would be larger than the in-plane vibration mode, If the 
molecule of porphyrin were edge-on the surface of silver sols, the enhancement of the in- 
plane vibration mode of porphyrin is then lager than the out-plane model2. So it is 
reasonable to deduce that Cu"NACN is tilted-relative to the surface of silver sols. For the 
porphyrin with the substituting group of pyridine, the popular thought is that the porphyrin 
is absorbed on the silver sols by the nitrogen in pyridine. But for Cu"NACN, the -CN 
radical, the nitrogen in pyridine and the porphyrin care can be the site acting on the surface 
of silver sols. Because the bending mode involving pyridine and the in-plane mode of 
porphyrin are enhanced larger as analyzed above, so it is considered that the nitrogen of 
p!.ridine and the core of porphyrin are absorbed together on the surface of silver sols. It was 
clear that the peak of 1018 cm.' in figure IB shifts to 1005 cm.' in figure lC, and the peak 
of 1578 cm-' in figure 1B shifts to 1565 cm" in figure IC. This difference can be seen in the 
following experiment. 
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3.2The Effect of pH Value on the SERS of Cu"NACN 
Figure 2 illustrated the effect of pH value on the SERS of Cu"NACN with the exciting 

navelength at 488.0 nm. When the pH = 11-12 (figure 2A), the peak of 226 cm.' is weak 
up to the background, the peak of 399 cm-' is broaden and has hvo shoulder peaks, the 
peaks in the range of 665-950 cm-' are not clear, and the mode of 1018 cm-' is weaker. 
When the pH = 2-3 (figure 2B), the peak of 226 cm-' is still weak and approachs the 
background, the peak of 399 cm" is broader and has two shoulder peaks, the peaks in the 
range of 665-950 cm-' are not clear, and the mode of 1018 cm.' is weaker than those at 
pH=l1-12, the mode of 1377 cm-' is decreased to some extent. While the pH=5-6 (figure 
2C), the SERS spectra are very good. The following experiment was carried out at 
pH=5-6. 

3.3 The Effect of the Concentration on the SERS of 
c UIINACN 

Figure 3 shows the SERS of Cu"NACN at different concentrations at pH=j-6. It is 
seen that the vibration modes of Cu"NACN except 226 cm-' were enhanced gradually with 
the increasing the concentration from 1.3~10" molL to 1 . 2 ~ 1 0 ~  mol/L. When the 
concentration of Cu"NACN was increased to 5 . 0 ~  mol/L. the vibration modes all 
decreased. This indicated that the optimum SERS signals occurred at an optimum 
concentration, because the optimum SERS signal corresponds to the monolayer 
concentration of Cu"NACN on the surface of silver sols. I .2x molL of Cu"NACN was 
shown to be the best 

3.4 The Effect of Double-stranded DNA and Denatured 
Single-stranded DNA on the SERS of Cd'NACN 

Figure 4 illustrates the SERS spectra of the complexes of Cu"NACN with the double- 
stranded DNA and the denatured single-stranded DNA. Figure 4A and figure 4B indicated 
that no SERS signal was obtained in the system of double-stranded DNA and the denatured 
single-stranded DNA with silver sols. Therefore the DNA for double-stranded and 
denatured single-stranded was not absorbed on the silver sols. The similar SERS spectra 
with Cu"NACN were obtained for the mixture of 100 fold of double-stranded DNA or 
denatured DNA to Cu"NACN incorporated in some amounts of silver sols. Table 1 gives 
the ratio of the intensities of SERS spectra of Cu"NACN to the intensities of RRS spectra. 
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FIG. 2 Effect of pH on SERS of CU'NACN 
A. pH=l I -  12, B. pH=2- 3.  C. pH=6-7 
(other conditions as Fig. 1B for A and B). 

0 200 400 600 800 1000 1200 14001600 1800 

Raman shiftlcm-' 

FIG. 3 Effect of the concentration of Cu'NACN 
A. 1.3x106moVL; B. 2.0xIO4moliL,; 
C .  7.0x104moVL; D. 1 .2~10~~rno l lL ;  

E. 5 . 0 ~  10~5mol/L; other conditions as in Fig. 1C. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
2
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



SERS STUDIES 1147 
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FIG. 4 Effect of double-stranded and denatured DNA on SERS of Cu'NACN 

A. SERS of double-stranded DNA. DNA( 1 x 
as in Fig. 1C for A and B; 
mol/L)+Ag sols=l:2, other conditions as Fig. IC; C. denature DNA(1x 
niol/L+Cu"NACN(lx10-5 mol/L)+Ag sols=l:l:2. 488 0 nm, 100mW; D. denatured 
DNA(IxIO-~ moUL + Cu"NACN (lx105 mol/L)+Ag sols=l:l:2, 514.5 nm, 100mW; 
E. double-stranded DNA( 1 x lo" moVL+Cu"NACN( I x niol/L) + Ag sols = 1: 1 :2, 
488.0 nm, 100mW; F. double-stranded DNA( lx  lo" mol/L+Cu"NACN( Ix 10.' mol/L) 
+Agsols= 1:1:2, 514.5 nm, lOOmW 

moVL + Ag sols= 1 :2, other conditions 
B. SERS of denatured DNA. denatured DNA (1x10~' 

It was demonstrated that the pyridine stretching modes and the in-plane modes of 
Cu"NACN were greatly enhanced for the systems of Cu"NACN with double-stranded 
DNA and denatured DNA, thus the double-stranded DNA and denatured DNA did not 
change the tilted-orientation of CuIINACN on the surface of the silver sols. It was noted 
that the double-stranded DNA and denatured DNA caused the intensities of SERS of 
Cu"NACN to decrease using laser 488.0 nm and 514.5 nm. The DNA at higher 
concentration masked the Raman scattering light of Cu"NACN. The changed value of the 
shift before and after Cu"NACN added (see table 2) indicated that different excitation 
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TABLE 1 The Frequency Shifts and Assignment in RRS and SERS of Cu'NACN 

RRS SERS'' SERS" SERS4E SERS" SERSK SERS4D ass imen t  

D 225 226543 2 3 2 2 ~  234781 23hB 242614 pyrrole tiltmg" 

B 408 39982s 391698 4 0 1 8 ~  396892 402876 397499 Cu-N" 

A 670 6 6 5 ~ ~ 7  66S477 665659 664793 666817 665463 G(PF)+S(C-N+CH~)" 

D 149 723519 717489 729519 722868 7215- 724549 pyrrole XI1 

C 803 799151 797482 799418 796119 7984% 807355 P F  ~(C-CWW-CHZ-)"  

B 904 905247 901~1s 906234 906524 908191 912449 &(pr) ls  

I B 1005 1 0 1 8 5 ~  1005101~ 1017420 10051~07 1018525 1011892 V(CtLC,)l5 

II B 1099 1098515 1094412 1097401 109511s 1 l O l r i i  1105412 V*(CB-H)" 

A 1203 1198671 1198411 1193460 1195~10 1197619 11994~8 S(PF)tV(ETCHZ-)" 

IV A 1224 1220877 1220548 12196~7 12179~  12217a 1225517 C-PWW S(PF)" 

v A 1261 1255870 1253632 1 2 5 5 s ~  12491324 1 2 5 5 0 ~  1258724 V(CWPYr) 

1342 1323 1337 1330 

1358 1353 1357 1353 1356 1361 

VI B 1376 1377805 1378582 13775s 13771194 1377781 1383713 V ~ C ~ - N ) ~ '  

w B 1458 1473720 1462511 14711% 145615~6 14717~5 147164 V,(C,CP)10 

B 1527 1523 1522 1526 v20v~cm-c,) '~ 

A 1623 1606724 1602667 1607491 16081r17 16086s~ 1612824 S(PF)" 

'Jill B 1563 157881s 1565694 157764~ 156017~ 1 5 R O ~ n  1561661 V2vs(Cg-Cp)" 

IX C 1643 1641522 163810s 1640174 16377% 1640510 1641402 [ w  (CC)+w (C-N)jW1' 

lB, IC, 4C, 4D, 4E and 4F are the SERS frequency shfts of Fig lB, lC, 4C, 4D, 4E and 

4F. I IX type of bands, A bending mode of pyridvl. B m-plane mode of porphynn, C 
stretching mode of pyndyl, D out-plane mode of porphynn, pyr N-cyano-methyl pyndyl, 
por core of porphynn, v stretching, 6 bendmg or dcforming. X folding, s symmetnc. as 
ascninietnc. subscript relative ratio of SERS intensit) to RRS intensity 

TABLE 2 The Frequency Shift Changes in the SERS of CU'NACN 
with Double-strand DNA or Denatured DNA versus the SERS of CunNACN 

I' I1 111 Iv v VI VII VIII Ix 
dDNA, 514.5~" 0 + I  -3 -3 -4 -1 -6 -5 - I  
dDNA,488.0nm - 1  -1 -5 - 1  0 0 -2 -1 - 1  

sDNA,514.5nm +6 + I 1  +1 +5 +5 +5 +9 -4 +3 

~DNA,488.0nm 0 +3 -1  +1 0 0 -2 +2 +1 

Note: *I...IX are the types of the bands, **is the type of DNA, dDNA is double-stranded 
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wavelength coincided with the different values. Laser at 4 8 8 . 0 ~ 1  brought about the value 
smaller than 5 14.5 nm, so the inferior interaction exist between CuiiNACN and DNA. the 
stronger the laser, the bigger the decrease of the weak interaction, the smaller the changed 
value. For the bands of 11, V, IX, the changed values made by double-stranded DNA are 
+ I ( - I ) .  4(0) and - l ( - I )  cm-', while denatured single-stranded DNA are +I 1(+3). +5(0) and 
+3(+1) cm.'. It was considered that Cu"NACN did not intercalate the double-stranded 
DNA'6 But electrostatic interaction exists between the -PO1 radical in the double-stranded 
DNA and the pyridine nitrogen in Cd'NACN. It corresponded to the conclusions of with 
RRS by ZhaoI7. It was believed that Cu"NACN partly intercalated the denatured single- 
stranded DNA, the electrostatic interaction exists the same as double-stranded DNA. 
DNA, sDNA is denatured single-stranded DNA. the numbers in the table are the 
frequency shifts changed. 

4 CONCLUSION 
The RRS and SERS spectra of Cu"NACN with silver sols as the active carrier, the 

effect of pH value and the concentration of CuiiNACN on the SERS of Cu"NACN, the 
SERS of the complexes of Cu"NACN with calf thymus double-stranded and denatured 
single-stranded DNA were investigated. It was shown that the silver sols enhanced the 
Raman scattering of Cu"NACN at low levels. The Cu"NACN was absorbed tilted-on the 
surface of the silver sols. The optimum pH value was 5-6, and the best suitable 
concentration of Cu"NACN was about 1 x 10.' moVL The pattern of tilted-on absorption of 
Cu"NACN on the surface of silver sols was not changed by the addition of the double- 
stranded and denatured DNA. The radical of -PO, interacts with CuilNACN weakly by 
electrostatic force, Cd'NACN may partially intercalate the denatured single-stranded DNA, 
and interacts with it by electrostatic force. The surfaceenhanced Raman scattering 
technology can effectively used to obtain useful structural signals of the molecular complex 
of biological activity, and is a powerful tool to understand the biological mechanism of 
biological active species from molecular level. 
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