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Abstract 
Fast phase-transferring was adopted in ethanol solution at the condition of n (oil-soluble tea po-
lyphenol): N (As3+) = 2:1, 4:1, 6:1, pH = 4.0, temperature 40˚C - 45˚C, action period of 15 h to com-
pose the target, of which the productivity was 59%, UV was 267.50, 218.00, 220.50 nm, FTIR was 
6291, 34158.6, 2850.2, 1708.2; 1457.3; 1370.4, 1224.2, 1144.0, 760.5 cm−1, fluorescence value λmax 
= 257, 591.1, 593.7, 590.3, 591.0, 591.5, XRD λ/nm is 3.6974, 4.186, 12.0762, 15.4747, 1H-NMRδ = 
0.782, 1.193, 1.483 - 1.586, 1.959 - 2.184, 2.479, 3.116, 3.970 - 3.981, 5.231 - 5.753, 6.537 - 7.300. 
Finally it was ascertained through XRD as double-coordinated polycrystal compound. 
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1. Introduction 
Tea polyphenols (TP) is a group of poly-hydroxyl compounds existing in tea leaves, which is capable of anti- 
oxidation, anti-mutation, anti-inflammation, anti-virus and so on [1]-[4]. TP are newly found absolute natural 
antioxidant and green medicine for anticancer while arsenic is a poisonous element. Lots of experiments have 
proved that arsenic of small dosage acts as activating enzyme—interact with sulfhydryl group of oxidating en-
zyme in organism improving assimilation and abating dissimilation [5]-[14]. What’s more, it has been proved by 
the document that trivalent arsenic tends to combine with cysteine to produce a certain catalyst for oxidation far 
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more active than pure cysteine [12]-[16]. Arsenic trioxide is also highly toxic. It destroys respiratory enzyme of 
some cells after entering into human body and kills people by isolating tissue from oxygen. Strongly irritating to 
stomach mucosa, arsenic trioxide also festers mucosa of stomach and intestine. Blood vessels and liver will also 
be damaged and in serious condition human will die of paralysis of respiratory and central nervous system in 
one hour. Project Team of Class 2006 led by Zhou Wenfu has successfully synthesized oil-soluble tea-poly- 
phenols arsenic (OTP-As) and proved its pharmaceutical effect with lightly toxicity by experimenting on rats 
[17], which also indicates that the toxicity of OTP-As is catabolized in two weeks; but its application was much 
restricted due to insolubility in oil and water. We made TP react with fatty acyl chloride to produce TP fatty acid 
ester to enhance its ability of dissolving in oil and then the oil-soluble TP was complexed with arsenic ion to 
produce OTP-As [10]. The compound may replace highly poisonous pure arsenic trioxide and be applied to treat 
leukemia and control intestinal parasite; but we did not do further experiment to confirm it. Nothing on similar 
topics is reported in international and Chinese periodicals literature. 

2. Experiments 
2.1. Materials and Instruments 
Materials: tea contain 95% TP (ecological tea from West Lake in Nanchang) Sixteen chloride (AR), ethyl ace-
tate (AR), three arsenic chloride (AR), hydrochloric acid (AR), ethanol (AR) sodium hydroxide (CP), sodium 
carbonate solid (CP). Instrument: UV-Vis spectrophotometer UV-1100 (Beijing Rayleigh Analytical Instrument 
Company), Fourier Thermo infrared spectrometer FT-IR 360 (American Nicolet company), NMR Unity-500 
(American Vavian Company) XRD diffraction, Rigaku DMax-2500 X-RAY Diffracto meter: D/MAX-Ⅲ A 
automatic, pipe flow, pressure 40 KV, 100 mA, λ = 0.154 nm starting angle is 5 degrees, the end angle 65˚, step 
2 nm, scanning speed 12/min, the integral time 1/s, target type Cu, Filter Sm (RIGAKU), fluorescence spectro-
photometer 970 CRT (Analytic Instrument City in Shanghai), Visible spectrophotometer 722 S (Shanghai Pre-
cise Scientific Instrument Co. Ltd.), circulating water pumps (Zhengzhou Du Fu instrument factory), vacuum 
drying box 2K-82B (Shanghai Experimental Instrument General Factory), and the thermostat magnetic stirrer, 
electric jacket and other commonly used instruments. 

2.2. Synthesis of OTP [18]-[20] 
5 g tea polyphenols (TP) was dissolved in ethyl acetate, to which 12.5 ml sixteen chloride (SC) was added at n 
(TP):n (SC) = 1:3. Solid sodium hydroxide was added to adjust the pH value to 4.8 - 5.1. The mixture was 
stirred at 40˚C to get Brown turbid solution. Warm water was used to wash the solution many times until it was 
neutral, red brown solution. And ethyl acetate was distilled to generate red brown viscous liquid, which was 
dried at 40˚C to produce 12.8982 g light yellow powder. The productivity is 96.89%. 

2.3. Synthesis of OTP-As 
OTP and As3+ were dissolved in 50 mL ethanol at n (OTP): n (As3+) = 2:1, 4:1, 6:1 and saturate sodium carbo-
nate solution was added to adjust pH to a certain value. Then the solution was stirred for 15 hours at 40˚C - 45˚C, 
turning from red to brown and to bright red and then brown, producing a large amount of dark brown precipitate, 
which was filtrated in vacuum filtration, cleansed and purified, and dried in vacuum. We got light brown solid 
powder 7.3962 g, 7.4306 g and 7.4537 g. The yield did not differ much for an average of 59%. 

3. Results and Discussion 
3.1. Choice of Catalyst  
Alkali acts as catalyst in acyl chloride esterification. Anhydrous sodium carbonate, solid sodium hydroxide and 
amine were used as catalyst in the synthesis of OTP. The results are shown in Table 1. 

3.2. Structural Characterization 
3.2.1. UV Spectral Analysis 
UV-Vis absorption spectroscopy performs qualitative and quantitative analysis and structural characterization 
through studying the absorption by molecules or ions of radiant energy in the UV and visible spectrum region. It  
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reflects the transition between the energy level of electrons in molecules. Molar ratio is n (OTP): n (As3+) = 2:1 
(Figure 1), 4:1 (Figure 2), 6:1 (Figure 3). 

UV-Vis spectrum detects changes of peak in conjugated system. Coordination numbers changes after the 
complexing of OTP and OTP-As while conjugation system remains the same. In this way UV-Vis spectrum  
 
Table 1. Catalyst choices.                                                                                

Catalyst Anhydrous sodium carbonate Sodium hydroxide(s) Amine (AR) 

Phenomena Turned from red brown to brown after 
TP was added, not muddy 

Became muddy some time later after 
TP was added and kept muddy when 
it was over 

Became muddy right after TP was 
added and sticky substance  
appeared 

Color Dark orange Light soil-yellow Dark brown 

Stir period (h) 8 h 8 h 8 h 

 

 
Figure 1. UV spectrum of OTP-As (2:1).                

 

 
Figure 2. UV spectrum of OTP-As (4:1).               

 

 
Figure 3. UV spectrum of OTP-As (6:1).                
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strongly proofs the number of moles of OTP has little influence on coordination structure of arsenic ion. 
Figure 1, Figure 2 and Figure 3 shows that UV-vis absorption peak of OTP-As is not affected by different 

ratio of n (OTP) to n (As3+), the maximum value of which is in the vicinity of 267.50 nm and 220 nm shown in 
Table 2. Comparing three UV graphs, the maximum absorption peak wavelength is almost the same, which 
shows that the conjugated system is similar; it means the number of moles of OTP has little influence on coor-
dination structure of arsenic ion and all of the complex is double-coordinated. 

3.2.2. FTIR Spectral Analysis 
Infrared spectroscopy identifies compounds and determines molecular structure through collecting information 
about atomic relative vibration and molecular vibration information. FTIR spectrum of Figure 4. OTP-As of 
which the molar ratio is n (OTP):n (As3+) = 2:1. FTIR spectrum of Figure 5. OTP-As of three kinds of different 
molar ratio of n (OTP):n (As3+) = 2:1, 4:1, 6:1 as shown in. 

The molecular vibration frequency is proportional to the group binding constant K 1/2, so when the binding 
force constant reduces, λ value approximates lower wave number. Figure 5 shows that the infrared feature in-
formation isomers are almost the same. Although OTP-As is a mixture, they have the same functional group and 
the structure is similar. Different ratio of n (OTP):n (As3+) does not exert much influence on infrared characte-
ristic absorption peak of OTP-As. The structural information of the FTIR spectrum Figure 5 is consistent with 
that of UV spectrum. 

 
Table 2. UV values of OTP-As.                                                                 

n (OTP):n (As3+) 2:1 4:1 6:1 

Peak wavelength (nm) 267.50, 218.00 267.50, 220.50 267.50, 220.00 

Peak value 0.418, 1.635 0.531, 1.496 0.527, 1.892 

 

 
Figure 4. FTIR spectrum of OTP-As (2:1).      
 

 
Figure 5. FTIR spectrum of OTP-As (2:1, 4:1, 6:1). 
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3.2.3. Fluorescence Spectrometry Analysis [21] 

Molecular fluorescence analysis is a quantitative method based on fluorescence intensity of material. The com-
plexes determined by this experiment were A= (EGC)2As or (ECG)2As, B= (EGCG)2As, C= (EC)2As [the molar 
ratio n (OTP):n (As3+) = 2:1, 4:1, 6:1]. Experiment results show that λ value in fluorescence spectrum of 
OTP-As of different complexes with different concentrations is similar but the fluorescence intensity is different 
(Figure 6, Figure 7). We can see that EX wavelength is about 257.0 nm when OTP-As complexes are in excited 
state while EM wavelength is about 591.1 - 593.7.0 nm when they are in launching state. The higher the con-
centration of the solution is, the stronger INT intensity is. Because of the dilute concentration, when excited 
light intensity is constant, fluorescence intensity is proportional to the concentration of fluorescent matter—F = 
K × C [13]. Analyze Figure 7 we can see that maximum peak of EM graph often complex was at wavelength λ 
= 591.0 nm; and the higher concentration of the solution is, the stronger the intensity of EM is. 

Figure 7 shows that EX spectrum (excited) λ 200 - 400 nm of OTP-As complexes of the same proportion are 
almost the same, the maximum peak wavelength λ nearly overlap; but their EM spectra (emission) intensity of 
500 - 650 nm differentiates significantly. The increasing of the molecular conjugated structure system and the 
molecular plane rigidity reduce the molecular vibration, along with the interaction between the molecule and the 
solvent or other solute molecules, meaning external transfer loss of molecular energy in excited state reduces 
and favors fluorescence emission. And the increase of rigid plane can enlarge the absorption cross section of 
molecules, molar absorption coefficient, and fluorescence intensity. Because the larger the non-local area of π 
electron is, the easier it is to be excited; and molecular fluorescence efficiency will also enhances. In addition, 
electron-donating groups such as -OH, -OR increase the transition probability between the lowest excited singlet 
and ground state; and often intensify the fluorescence, λ moves to long wavelength side. Compare A, B, C curve 
in Figure 7, the wavelength corresponding to their maximum peak is slightly different; B curve stands for 
(EGCG)2As, of which the maximum peak wavelength is 593.7 nm. Conjugation degree increases because of a 
lot of free phenol -OH. And since molecular weight of the complex was large, solubility low, concentration low, 
EM intensity was low. But the wavelength corresponding to the maximum peak of A, C curve were the same, 
and EM intensity of Curve A is obviously weaker than that of Curve C. Presumably it stands for (EGC)2As or 
(ECG)2As. Because free phenol -OH in molecules reduced, fluorescence λ became a bit smaller as 591.1 nm,  
 

 
Figure 6. EX (200 - 400 nm), EM (500 - 650 nm) spectrm of OTP-As complex of different concentration, 
different proportion.                                                                      

 

  
Figure 7. EX (200 - 400 nm）, EM (500 - 650nm) spectrum of OTP-As of the same proportion, different 
concentration.                                                                              



W. F. Zhou et al. 
 

 
39 

the solubility of the molecules is slightly enhanced; and solution concentration is quite high; the EM intensity 
was stronger than that of Curve B. Curve C stands for (EC)2As, fluorescence λ is 590.3 nm, minimum molecular 
weight, high solubility and high concentration, all of which led to great EM intensity. In Table 3, EM spectrum 
revealed information about 5 kinds of OTP-As mixture generating different complex. [note] A, B, C respectively 
stand for 2:1, 4:1, 6:1 OTP-As dissolved in 60 mL 95% ethanol solution. 

3.2.4. X-Ray Diffraction [11] [17] 

X ray is a kind of electromagnetic radiation generated by electron beam bombarding elements in the X ray tube. 
X-ray diffraction is an effective means of analyzing crystal structure for diffraction peak intensity and half peak 
width reflects amorphous degree of powder and changing information of lattice. In Table 4, 2θ stands for dif-
fraction, D crystal grain size, B half peak width. Figure 8 is XRD for OTP-As. 

According to test data in Figure 8, diffraction peak of λ/nm = 21.401 is the strongest, which shows OTP-As is 
polycrystal mixture. Information provided by Figure 8 XRD indicates that OTP-As is mixture. 

3.2.5. Spectrophotometry 

Basing on substance’s selective absorption of light, Spectrophotometric analysis method can not only determine 
most inorganic ions but many organic compounds. It can not only be used as quantitative analysis but also qua-
litative analysis for some organic compounds and determination of physical and chemical constant as well as the 
composition of complex. Table 5 shows photometric value of OTP-As of different mass dissolved in 60 mL 95%  
 

Table 3. Numbers of value of fluorescence of OTP-As.                                    

 A                       B                    C 

EX λmax/nm 257.4                    257.0                257.0 

INT 443.876                  365.323              257.318 

EM λmax/nm 591.1                    593.7                590.3 

INT 163.527                  440.298              792.875 

 
Table 4. XRD numbers of value of OTP-As (2:1).                                         

No. 2θ d/nm Count Relative Intensity Half the height B 

1 5.706 15.4747 222 6.1 0.334 

2 7.314 12.0762 130 3.6 0.259 

3 21.401 4.1486 3650 100.0 0.514 

4 24.049 3.6974 277 7.6 0.281 

 

 
Figure 8. XRD spectrum OTP-As (2:1).               
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ethanol solution. Figure 9 shows that absorbance of the same substance increases along with concentration and 
absorbance of OTP-As synthesized under the condition of n (OTP):n (As3+) was = 2:1 increases along with the 
decrease of wavelength. 

In Table 6, X stands for group of proton peaks. The whole spectrum indicates that in addition to the quite  

large mass peak shift of benzene ring, proton peaks of 
( )2

b a b
CH CH OH CH

′

−
 were stronger than OTP-As, most  

of the rest were repeated display. 
Comparison of 1H-NMR between OTP and OTP-As manifests that after OTP-polyol-complexed with As3+, 

1H-NMR-OH peaks in aromatic ring of Ph-OH shifted from 5.446 - 5.953 (quart) to 5.231 - 5.753 (quart); other 
-OH peaks shifted from 3.043 (OH) to 3.116 (OH). The obvious shift suggests that As3+ has already complexed 
with OTP and OTP-As was produced. 

 
Table 5. Absorption photoelectron values of OTP.                                          

Wavelength λ/nm m (A1) = 0.0010 g m (A2) = 0.0020 g m (A3) = 0.0030 g 

340 0.017 0.029 0.059 

350 0.014 0.025 0.054 

360 0.013 0.022 0.049 

370 0.011 0.018 0.044 

380 0.009 0.015 0.040 

390 0.008 0.012 0.035 

 
Table 6. 1H-NMR results of OTP-As and OTP.                                              

OTP δx (peak) OTP-As δx (peak) 

6.52 - 7.26 (multiplet) Ph-H 6.537 - 7.300 (multiplet) Ph-H 

5.446 - 5.953 (quart) Ph-OH 5.231 - 5.753 (quart) Ph-OH 

3.972 - 3.984 (doublet) >CH-O- 3.970 - 3.981 (doublet) >CH-O- 

3.043 (singlet) (OH) 3.116 (singlet) (OH) 

2.486 (multiplet) CH2-CH(OH)CH- 2.479 (multiplet) CH2-CH(OH)CH- 

1.960 - 2.184 (doublet) CH2-CH(OH)CH 1.959 - 2.184 (doublet) CH2-CH(OH)CH 

1.484 - 1.587 (doublet) CH 1.483 - 1.586 (doublet) CH 

1.195 (quart) CH2 1.193 (quart) CH2 

0.783 (triplet) CH3 0.782 (triplet) CH3 
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Figure 9. Photometric value of OTP-As (2:1).           
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4. Conclusion 
In ethanol solution, under the condition of n (OTP):n (As3+) = 2:1, certain pH, reaction temperature 40˚C - 45˚C, 
reaction time 15 h, the target OTP-As was synthesized. OTP-As is ascertained as double-coordinated polycrys-
talline mixture by fluorescence analysis, spectrophotometry and X ray derivative technology. Fluorescence 
quantitative analysis can be used for detection of different complexes. There are still many free phenol-OH in 
OTP-As, which may have antibacterial, antiviral (such as influenza and AIDS virus), anti-cancer, cancer preven-
tion and anti-aging effects. 
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