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Effect of Evaporation Process on Surface-Enhanced Raman
Scattering Properties of Carbon Nanotubes Composite Structure
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Abstract In order to analyze the effect on surface enhanced Raman scattering (SERS) properties of three—
dimensional (3D) substrate during evaporation process of the probe molecules solution, a 3D composite structure
of silver nanoparticles modified vertically aligned carbon nanotubes array(Ag/CNTs) is produced by magnetron
sputtering and thermal annealing processes. Relevant experiments use the time—course SERS mapping test method
and select 1 pmol/L Rhodamine 6G (R6G) and 10 pmol/L malachite green (MG) as probe molecules, respectively.
The results indicate that, with the increase of evaporation time, the Raman signal of probe molecules enhance firstly
and then decrease. It is this main reason that, during evaporation process of analyst molecule, the capillary forces
make the hotspots between the probe molecule and three- dimensional structure change, and then lead the
electromagnetic field enhancements to change; in addition, the depth of focus and concentration change also
influence the Raman signal.
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Fig.1 Photos of sample. (a) SEM photo; (b) physical map
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Table 1 Each element content of Ag/CNTs sample

Element Mass fraction /% Relative standard deviation of mass /% Atomicity percentage /%
C 80.28 0.15 93.64
Si 10.31 0.07 5.14
Ag 9.41 0.14 1.22
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Fig.2 Schematic experiment setup of time—course SERS mapping
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Fig.3 Results of experiment using R6G as probe molecules. (a) Time-course SERS mapping of R6G; (b) corresponding time evolution
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Fig.4 Schematic diagram of the probe solvent in the evaporation process
PRAT VA T 28 2 3 B v (0<e<200 ), $37 2 45 5 50 B SR B W G 58 . 7S] 19 50 s, 50 mT LA 2 (5 5 fg
P FETE 1362 em™ 11508 em™ 4b , 58 Ji 43 51 S 6000~7000 s~ F1 3000~4000 s 36 B 76400 4h By B, A 45 5 4> T
W2 BFFE Ag/CNTs B % I, (7] sf e 40 K 457 P 1) 2 1T b R 490 R JBURE 7™ A= 1) J) 38k Fi, 37 38 it o G BTk . |l T4
JT AR AL T ARE S i SR AR AR LG T V0T IR 2w T B R A R 25 A, R AR T T R Ak

0410001-3



S I S
B4, AELTE 290 i Rk 2, 003 ) 3R A S THT 7 +2[ 18T 5a) | B A2, AR SR IR JEE 55 0 JEE A O R IR (18 5(b) R A&, 7T LA
5 FE TR B XS 4] 6 I 220 8 R 2 G R AR S LT A S o TE 50~200 s I H] BE, B8 45 7 I T 1 35 45 5 5
TS SR B 1) TR A0 BT R AR A KA Z ] 2 B R BT 2
[F] Fsf s R 8 22 B 4R B 20 1 16 BT 1098 A B A 0K BURE A U 1) B 9 KA L 5 2) B U R B0 2% e, W o L
TR SRR AR ST o T RE RS AN EL A thiz s, BUNURL 2 )R B ARG, AR A T 2 R R R HE 2 (E S R 5 3)
Wi ROG Y78 A , Wi v B R, i3k ) 3R A~ THD 228 3 5 3 =0 9 SR AR P T, 7 B s I R BT LA e = {5

T G R O B B, R RD SR A R R AR A A [ S ) T 2 i
700
@ objective lens - (b)
1} 0

§5 0+

2 400t

-= 300+

focal depth,h' focélz%?n € g 200k

2 8
Ll 100+
. 0 ' A :
spot size, -200 -100 0 100 200

Z2/pm

&5 (a) BAR I (b) Ag/CNTs 7E L2 (1A% 7 1362 cm™ A 147 B 430 4 il kA 7% 5 A8 1k 1y it 28 &
Fig.5 (a) Schematic section view of focussing; (b) Raman intensity—depth profile of integrated intensity of 1362 cm™ band for Ag/CNTs
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Fig.6 Experimental results using MG as probe molecules. (a)Time—course SERS mapping of MG; (b) corresponding time evolution of

the intensity at the 1179 cm™ and 1619 ¢cm™ peaks
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