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Abstract 

A new material, Leu(CH3)4-TCNQ, has been successfully synthesized from 
Tetracyanoquinondimethane (TCNQ) and amino acid ester, N,N,N-Trimethyl-L-Leucine Methyl ester 
((Leu(CH3)4

+). This material was characterized by modern physicochemical methods such as: X-ray 
diffraction technique (XRD), Raman, Infrared (FT-IR) and UV-Vis spectroscopy and voltammetric 
technique. This result will offering a new direction for the synthesis of new materials from TCNQ and 
other amino acids. 
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1. Introduction 

Amino acids are the most essential bio-molecules and play an important role in the synthesis of 

proteins and other bio-molecules. Over the past few years, there have been a number of studies on 

methods of determining amino acids such as: lysin, histidin, thiocystein and axit glutamic [1]. Organic 

anions hitherto composed of pyrrol, TCNE (tetracyano-p-benzoquinon), DDQ (2,3-diclo-5,6-dicyano-

p- benzoquinon) and TNF (2,4,5,7-tetranitro-9-florenon) are typical for combination with amino acids 

to form substances which are capable of exchanging charges and potential for the synthesis of bio-

sensors [2,3]. Doing research on new materials based on the TCNQ (Tetracyaniquinondimethane) and 

its derivatives with metal cations has been carried out over the past time and applied in the fields of 

electricity, optics, magnetism. 

TCNQ is acceptor of one electron with an affinity of about 2,88 eV [4]. Radical anion TCNQ•- 

can be composed by chemical reduction [5,6], optical reduction [7] or electrochemical reduction [8] 

from TCNQ. Through the process of reduction, a charge exchange reaction occurs, TCNQ is reduced 

to form TCNQ•- anions (confusing) and TCNQ•- anions will rearrange in different directions creating 

many interesting properties such as: semiconducting, magnetic, catalytic...[4, 9].  

Although TCNQ has been researched for a long time, there have just been a few studies about 

synthesis of material from free radical anion of TCNQ and cations of amino acid derivatives recently. 
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In 2004, Jiang et al. reported some results of determining color of cysteine by using a molecular 

complex of dihydroxymethyl-di-(2-pyroly)methane with TCNQ. Padhiyar et al also reported the 

formation of charge-conversion complexes of four amino acids with TCNQ shown by IR spectroscopy 

[3]. Previously published studies mainly described the formation of materials between TCNQ and 

cyclic amino acids. The combination of TCNQ and cyclic amino acids can occur due to the - 

interaction between two rings of adjacent radical anion of TCNQ•-, and hydrogen bonding between 

donor (amino acid) and acceptor (TCNQ). [12]. Along with the series of studies on materials of TCNQ 

and amino acids. In this article, we report the material synthesis between TCNQ and unbranched 

amino acid ester, N,N,N-Trimethyl-L-Leucine methyl ester (Firuge 1). The crystal structure of the 

material and the physicochemical properties in both solution and solid state of charge transfer 

materials [Leu(CH3)4]TCNQ were also researched . 

1. Materials and methods or Experiments 

2.1. Experiment 

2.1.1. Chemicals and instruments  

N,N,N-trimethyl-L-Leucine metyl ester iotdua, 7,7,8,8-tetracyanoquinondimetan (TCNQ), 

CH3CN, CH3COCH3, C2H5OC2H5, C5H12 are bought from Aldrich (99.99%). TCNQ is recrystallized 

in CH3CN before using, Tetra-n-butylamonihexaflopphosphate (Bu4NPF6) was recrystallized from 

C2H5OH three times and dried under vacuum before using. Infrared spectroscopy was measured on 

Spectrac Diamond ATR. Raman spectroscopy was measured on Raman Renishaw RM2000 

spectrometer and UV-Vis spectroscopy was measured on UV Varian Cary 5000- Vis NIR 

spectrometer, cuvet’ length was 1.0 cm. Electrochemical experiments were performed on 

Bioanalytical Systems (BAS) 100 W device using a three-electrode system: working electrode Au (S = 

0,0314 cm2), counter electrode Pt, and reference electrode Ag/AgCl. X-ray diffraction data used a 

Bruker X8 Apex II. The structure was analyzed by using SHELXS-97 software.  

2.1.2. Chemical synthesis Leu(CH3)4TCNQ 

1,0 mmol N,N,N-trimetyl-L-Leucin metyl ester iotdua was dissolved in 10 mL H2O under 

nitrogen gas condition. A solution of 0,1 mmol of LiTCNQ (synthesized according to [7]) dissolved in 

15 mL H2O was slowly added to the solution of N,N,N-trimetyl-L-Leucin metyl ester iotdua at room 

temperature (Firuge1). 
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Firuge 1. Sythesis of Leucin metyl este with LiTCNQ 

A dark brown colored microcrystal was instantly precipitated. After 1 hour, the precipitate was 

collected by filtration. The precipitate was washed several times with 5 mL diethylene until the yellow 

colored solution was not remained and dried under vacuum at 400C  in 1 day. Dark blue colored 

monocrystalline of [Leu(CH3)4]TCNQ was obtained by diffusing n-pentane into the product in 

aqueous acetone.  

2.2. Result and discussion  
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2.2.1. Analyse the crystal structure of [Leu(CH3)4][TCNQ] 

The X-Ray differaction pattern of Leu(CH3)4TCNQ is described in Firuge 2 

 

Firuge 2. The X-Ray differaction pattern of [Leu(CH3)4][TCNQ] 

The structural analysis of the materials obtained the crystal structure parameters shown in Table 

1. 

Table 1. Data of Crystal Leu(CH3)4TCNQ 

Formula C39H6N8O4 

Space group P212121 

Length of unit cell (Å) a  6.5080(13)   b 11.931(2)  c 27.908(6) 

Angles of unit cell α 90.00    β 125.12 (4)   γ 90.00 

Volume of unit cell (Å3) 2167.0(7) 

Z, z’ Z ; 4 Z’ : 0 

Coefficient R (%) 13.12 

This material crystallizes with crystals which have orthorhombic space groups P212121 with unit 

cell of one [Leu(CH3)4]+ cation and one TCNQ-• anion. Charge displacement (ρ*), calculated from the 

bond lengths in the TCNQ radical is -1.07 and closes to the -1 charge of the TCNQ-• radical 

monoanion (Table 2).  

 

Table 2. Main bond lengths of C-C and CN in materials 

 a b c d e ρ* 

TCNQ of 

material 

1,3665 1,4170 1,4150 1,4192 1,1635 -1,07 

TCNQ0 [11] 1,346 1,448 1,374 1,440 1,138 0 

TCNQ [11] 1,362 1,424 1,413 1,417 1,149 -1,0 

ρ* is the charge of TCNQ molecule,  𝑝∗ = −
𝑟−𝑟0

𝑟1−𝑟0
    in which  𝑟 =

𝑐

𝑏+𝑑
 

Almost every TCNQ-• radical anion is positioned in the same side of plane and forms π columns 

stacking along the axis with the distance between two radical anion of 3.251 Å (Firuge 3).  
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[Leu(CH3)4]+ cations interact with each other through hydrogen bonding of the CH and O group of 

[Leu(CH3)4]+] cations and form a 2D sheet. These [Leu(CH3)4]+ cations are linked to the columns of 

TCNQ-• anion by hydrogen bonding between  –CH group of [Leu(CH3)4]+ cation and -CN group of 

TCNQ-• anion to form 2D lattice structure.  

   

Firuge 3. Crystal structure of [Leu(CH3)3][TCNQ] material 

2.2.2. The properties of material  

2.2.2.1. Raman spectroscopy  

Raman spectroscopy is a useful tool to distinguish between the free TCNQ0 and the TCNQ-• 

anion. The product’s Raman spectroscopy is shown in Firuge 4. The  vibrations of C=C-H bond (out 

of ring), C=C ring and -CN respectively characterize TCNQ at 1457, 1665 và 2227 cm-1.       

 

Firuge 4. Raman and Infrared (FT-IR) spectroscopy of [Leu(CH3)4][TCNQ] 

According to the material’s Raman spectroscopy, the characteristics of above groups are tending 

to get lower energy than neutral TCNQ. The CN group shifts from 17 cm-1 to 2210 cm-1, while C=C 

group shifts from 08 cm-1 to 1449 cm-1, and C=C-H group (out of ring) shifts from 23 cm-1 to 1193 cm-

1. These characteristics demonstrate the presence of TCNQ-• anion inside the material [10, 11].  

2.2.2.2. Infrared (FT-IR) spectroscopy  

The IR at 2210 cm-1 (ʋ (C≡N)), 1532 cm-1 (C=C ring), 1369 cm-1 (C=C out of ring) (Firuge 4) 

show the shifting to get lower energy, which indicates the presence of TCNQ-• anion [10, 11]. 

2.2.2.3. UV-Vis spectroscopy of solution on disolving [Leu(CH3)4][TCNQ] into CH3CN 

The UV-Vis spectroscopy of [Leu(CH3)4][TCNQ] was carried out by dissolving the material 

under CH3CN solvent (Firuge 5). 
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Firuge 5. UV-Vis spectroscopy of [Leu(CH3)4][TCNQ] 

For this spectroscopy of TCNQ, λmax is defined at 390 nm and it has no pic for absorbance at 

600-800 nm. All product’ λmax at 418 nm, 686nm và 752 nm (Firuge 6) illustrate the presence of 

TCNQ-• inside synthesized material[7]. 

Electrochemical properties of material 

Measure of redox reaction of [Leu(CH3)4][TCNQ] crystal is defined by Current–voltage curve. In 

principle, the presence of neutral TCNQ0 in solution leads to the negative curve (reduction) from -100 

to 600 mV because one electron of TCNQ leads to form  TCNQ-• for reduction. Conversely, oxidation 

of TCNQ-• in solution leads to form TCNQ0, which creates positive curve in the same potential range. 

Observing the zero line of potentiodynamic scan of [Leu(CH3)4][TCNQ] crystal using fiber 

microelectrodes C 11 μM indicates that solution just has TCNQ-• anion, so TCNQ-• can be oxidated  to 

form TCNQ0 and produce an oxidition current from -100 to 600 mV. At the same time it is reduced to 

form TCNQ2- and produces reduction current from -100 to -800 mV, the zero line is exactly between 

two processes (Firuge 6a). 

 

Firuge 6. (a) Current–voltage curve and (b) Cyclic current –voltage of solution on disolving 

[Leu(CH3)4][TCNQ] into CH3CN (0,1 M Bu4NPF6) 

Cyclic current – voltage of solution on disolving [Leu(CH3)4][TCNQ] into CH3CN is illustrated 

in Firuge (6b). The potential scanning starts from -0,3V, shown by zeron line, and scans towards 

negative side until -0,9V before reversing. The Current–voltage curve shows reversible and 

electrochemical processes, TCNQ0/-1 (E0
1 = -0,052 V) and TCNQ0/-2 (E0

2 = -0,585 V). This curve also 

point the presence of TCNQ-• in solution. It is important that there is only reversible process in the 

potential scanning area, and no other redox process but the redox of TCNQ. These datas show that 
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only single crystals are present in solution. 

3. Conclusions 

Successfully synthesized material N,N,N-trimetyl-L-leucin metyl ester with TCNQ, the molecular 

structure of the material is described by the formula [Leu(CH3)4][TCNQ]. This is a two-dimensional 

material with crystals having an orthorhombic space group P212121 with unit cell of one [Leu(CH3)4]+  

cation and one TCNQ-• anion. The physicochemical properties of this product at both solid and 

solution state confirm the presence of TCNQ-• monoanion, completely correspond with the crystal 

structure. This result, together with the results of research on Prolin-TCNQ, shows that it is possible to 

produce crystals of different proportions using both cyclic and unbranched amino acids. It is hopeful 

that the results of research on this material can offer knowlegde of biomolecules, which can be used in 

biosensors.  
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