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Much attention is currently focused on chromophoric molecules because they can not
only mimic natural antenna systems but also exhibit unique optical and physical properties.
Chlorophyll , produced by extracting from green leaves, has electrostatic interactions with
Au nanoparticles through carboxyl groups. Herein, we report the charge transfer between
chlorophyll and Au nanoparticles using UV-vis electronic absorption spectroscopy. The
efficiency of charge transfer from chlorophyll to Au nanoparticles was estimated by the
normalization of Q-ban absorption intensity. From the observation of absorption intensity
versus concentration of chlorophyll curves, we find that the efficiency of charge transfer is
increased while the size of Au-particle 1s larger than 30nm, but decreased while the size

smaller than 30nm.

¥ e
s g[&iﬁﬂﬂ*% ﬁlﬁ;wn@&«f@;, (| P > R S L
- RIDBR T < ARy HIE ) Aok GHAVAR [ SRRy B D I 2 = RIS - KR
e F“TJI. SV T T IRIFE S R A Rl A BBk (B2 kg
PR o R Ak P O R AR 7 T [ PORHET U BT P R
J é?r:%ﬁlﬂﬂum i 2 SRS 30nmpE > 4 [ OB Bt dbk IR froser it A
[N i3 55 FROREAS | A 30nmfH  PUIBEER SRSk A )



BRSPS 13k o RESRiA [ RS L POV RY o e CRITASEY TR
AR EIOA SV H e Fiple BRI B RTPEAR BN s S e R
SHyE TR = F'EHFTF{T‘W » ARV PR ARG, o SR PR ZS S
T PPN TR T e TEIR o S KRR AREE - HORE ] 25 kR 2

R IVRVIEET o PO PR A fpk = A | 25 ok NSTRL e SRR NP R TR
PR E R ERTR PR RSk I T o S R PR O sk



E—:,{) N ’PJT.JEE IF’[%J
BB & 2 A TRk VR S R (R ) B Rl g
W F KRN BTG U RN - %ﬁﬁawﬁwﬁ$?§ﬁ*%ﬁ*
T B RRSRE PRI T PRI £ 5k AR Rk R R RS0 [ (R IR (2
G o UE SR AR > IR SR N R I A sk

(= ) & 3 F 2B Rk IR =2 oo H

hv Au ~ H¥ska
e

i {72 (charge transfer)



% - P R
-~ RERE
1. FrARK % % (FP 6200 Spectrofluorometer )
2. K % & (PerkinElmer instruments Lambda 900 UV/VIS/NIR Spectrometer )

3. ?F,“Fﬁ W (BRANDSONIC® ul transonic cleaner )
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3. Ethylether ¢ (C:HsOCHs)
4. Methyl alcohol  F'I[ift (CHsOH)
5. Sodium Citrate M5EFLE]  (NaCsHiOr)
6. Acetone [*[flif (80%) (CH:COCH:)
7. Potassium hydroxide &4t (=& (KOH)

8. Petroleum ether 7 flIfik
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Introduction

Metal nanoparticles (NPs) have currently attracted much attention because of
their unconventional electronic and optical properties, arising from reduced
dimensionality and high surface-to-volume ratio. It is now known that chlorophyll
(Chl) is capable of harvesting light energy into other energy forms. Organic solar
cells having Chl conduction layers have recently been invented. Improvement in the
conducting efficiency of Chl has become an important subject in searching for high
efficient cells. The surface electrons of metal nanoparticles are known to be only
loosely bounded, and they are good candidates for improving conduction when the
nanoparticles are physical or chemical bonded to Chl.

Experimental

1. Material.

1.1 Synthesis of Au NPs.

1.1.1 100 mL of gold chloride, trihydrate was boiled at 100°C, and various amounts of 1%
sodium citrate were then added. The reaction mixture was further boiled for 10 min to
reduce gold chloride, trihydrate to Au NPs. Five preparations, AuNP-1, AuNP-2,
AuNP-3, AuNP-4, and AuNP-5 were obtained (Table 1).

Table 1: Receipts used in preparing the Au NPs for this study.

Sample AuNP-1 | AuNP-2 | AuNP-3 | AuNP-4 | AuNP-5
HAuCl,; 0.01 (mL) 100 100 100 100 100
Sodium Citrate (mL) 2.5 2.5 1.5 1.0 0.5
Particle size (nm) 14 17 15 19 28

1.2 Preparation of Chl-a.

1.2.1 2.5 g of dired spinach was pulverized, and 40 mL of acetone was added to
extract Chl-a. 50 mL of petroleum ether and 70 mL of water were added to the
acetone extraction and stirred slowly. Chl-a was extracted from upper layer with
50 mL methanol followed by 15 mL 30% potassium hydroxide-methanol.



2. Study the optical properties of Chl-Au complex.

2.1 Using spectrophotometer as the diagnostic, we found that the Q-band of Chl was
enhanced in Chl-Au complex.

2.2 Study the dependency of charge transfer on Au NPs sizes.

2.3 Study the dependency of charge transfer on Chl concentration.

2.4 Mixing gold colloid and pure Chl-a together to study the variations of the B-band
and Q-band absorption spectra.



Result and discussion

1. Study the optical properties of Chl-Au complex.

1.1 The enhancement in Q-band was observed. The intensity ratio I/l was used to
characterize the enhancing efficiency. The enhanced Q-band absorption of the
Chl-Au complex may be associated with the occurrence of charge transfer
between Chl and Au NPs when bonded.
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Fig.1. Absorbance of Au NPs.
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Fig.2. Absorbance of Chl.
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Fig.3. Absorption spectra of Chl-Au complex ( —— ), and the characteristic
intensities of individual Au and Chl ( ).

Qo and By: From the characteristic intensities of individual Au and Chl.
Q; and B;: From absorption spectra of Chl-Au complex.

10=Qo/Bo [,=Q1/B,

Normalized intensity: I;/]



2. Study the dependency of charge transfer on Au NPs size.

2.1 Four sets of Au NPs from AuNP-1 to AuNP-4 were fabricated and send to AFM
image to get the mean particle sizes. Their capabilities in enhancing Q-band
absorption of Chl were studied.

2.2 Higher normalized intensities were observed for smaller particles and for all Chl
concentrations studied. The higher enhancing efficiency observed for smaller
particle may be associated with higher surface-to-volume ratio and weaker
bounding of the surface electrons for smaller particles.
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Fig.4. Variations of I,/I, with the mean particle diameter, where smaller particle gave
raise to a larger enhancement was observed.
Concentration of Chl: 1.35 mg/m’ ( ), 1.08 mg/m’ (—),

0.54 mg/m’ (—).




3. Study the dependency of charge transfer efficiency on Chl concentration.

3.1 AuNP-5 was sent to study the dependency of charge transfer efficiency on Chl
concentration.

3.2 The enhancing efficiency, represented by the I,/I, ratio, reaches its maximum at
0.4 mg/m’ of Chl, higher than which the enhancement weaken slightly, and no
obvious changes were then detected for the Chl concentration over than 0.55
mg/m’.  Similar behaviors were observed when using different Au NPs, however,
the Chl concentration for best enhancement was found to depend on the size.
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Fig.5. Variations of the I;/I, ratio with the amount of Chl used in the formation of
Chl-Au complex.



3.3 To make sure the decreasing with Chl concentration within 0.4~0.55 mg/m’ is
excusive from inaccuracy. We repeated the experiment four times at the same

range by using AuNP-1~AuNP-4.
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Fig.6. Variations of the I,/I, ratio with the amount of Chl used in the formation of the

Chl-Au complex.

3.4 (a) At a Chl concentration of 0.4 mg/m’, all of the available Au NPs were coupled

to Chl and form Chl-Au complex.

(b) Adding more Chl may result in the formation of Chl-Chl n-n linkage on the
Chl-Au surface, which in terms reduced the charge transfer efficiency between

Chl and Au.

(b)

.:9'.

Fig.7. Schematic drawing of the formations of Chl-Au
concentrations are (a) saturated and (b) over saturated.

complexes

when Chl



3.5 (a) Formation of Chl-Au complex.
(b) Linkage between Chl and Chl by porphyrin n-7 interaction.
(¢) Formation of Au-Chl-Chl complex when Chl was saturated. The linkage of
Chl-Chl would reduce the bonding strength between Chl and Au NPs.

(b)

(©)

Fig.8. Formation of (a) Chl-Au, (b) Chl-Chl-Chl, and (¢) Au-Chl-Chl.



Conclusions

1. Au nanoparticles were found to be capable of enhancing Q-band absorption of
chlorophyll-a.
2. A smaller Au nanoparticle gave rise to a larger enhancement.

3. There existed a specific chlorophyll a concentration for best enhancement.

4. Enhancement effects observed in this study may be understood by charge transfer
mechanism.
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