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Synthesis and characterization of thiourea
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Herein, a simple and effective method for the preparation of thiourea using a nucleophilic substitution reaction is 
reported. Urea and Lawesson’s reagent were used as the raw materials to prepare thiourea via a one-step method 
involving the sulfuration reaction, and the reaction mechanism was analyzed. The effect of the reaction time, reac-
tion temperature, and mass ratio of the raw materials on the yield of thiourea were investigated.The most benefi cial 
conditions used for the reaction were determined to be: Reaction time = 3.5 h, reaction temperature = 75oC, and 
mass ratio of urea to Lawesson’s reagent = 2:1. Under these optimal conditions, the average yield of thiourea over 
fi ve replicate experiments was 62.37%. Characterization using Fourier transform infrared (FTIR) spectroscopy, X-ray 
diffraction (XRD) and thermogravimetric analysis (TGA) showed that the as-synthesized substance was thiourea. 
Our synthetic method has the advantages of high yield, mild reaction conditions and simplicity.
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INTRODUCTION

               Thiourea (CAS No. 62-56-6) has the molecular formula, 
CSN2H4 . It can be isolated as colorless to pale yellow 
orthorhombic or needle-like glossy crystals with a bitter 
taste and ammonia-like odor. Thiourea is slightly soluble 
in cold water, soluble in hot water, and can be recrystal-
lized from ethanol Thiourea is a general reagent used in 
synthetic chemistry and belongs to the thioamide family 
of compound. Thiourea has an increasingly important 
use in chemical1, 2,medicine3, agriculture4 and adsorbent 
industry5, 6, but little research has been done on synthe-
sizing at home and abroad. The literature on synthesis 
is outdated and  its production technology is back-
ward. Furthermore,there’s nothing about one-step syn-
thesis reports. Therefore, it is necessary to have an in-
depth study of synthesizing.

The previously reported syntheses of thiourea include 
methods using urea-calcium cyanamide, urea-cyanamide, 
cyanamide, carbon disulfi de and ammonium thiocyanate 
isomerization, lime nitrogen, and cyanamide-hydrogen 
sulfi de. The urea- calcium cyanamide method7 uses cal-
cium cyanamide (CaCN2) and calcium oxide as the raw 
materials to form an intermediate product, Ca(OCN)2, 
which reacts with H2S to form thiourea.However, this 
method has a high production cost and small profi t 
margin. In addition, the viscous Ca(OCN)2 intermediate 
produced during the process cannot be removed from 
the reaction system for the subsequent reaction in the 
thiourea synthesis because there is no supporting equip-
ment.Calcium hydroxide, the by-product produced in 
the reaction with hydrogen sulfi de, has a low solubility 
in water, and eventually forms a thick agglomerate in 
the reaction vessel,which seriously affects the progress 
of the reaction. The urea-cyanamide method8 involves 
the dehydration of urea under normal pressure to form 
cyanamide (H2CN2), which is then reacted with hydro-
gen sulfi de to form thiourea A large number of side 
reactions occur during the process, and the yield of the 
target product is usually low (~32%).The cyanamide 
method9 involves the reaction of ammonia with carbon 
dioxide to form H2CN2, which is then reacted with H2S 

to form thiourea. The reaction is diffi cult to perform due 
to the inertness of carbon dioxide, and the reaction yield 
is usually low (~30%)which results in high production 
costs. The carbon disulfi de method10 involves the use 
of carbon disulfi de and ammonia as the raw materials 
to prepare, dithiocarbamate, which is then decomposed 
into ammonium thiocyanate. The ammonium thiocyanate 
formed is then isomerized to form thiourea, producing 
hydrogen sulfi de as a by-product. The highest yield 
reported for this process is 11.5%, and the low yield 
is mainly attributed to the isomerization of ammonium 
thiocyanate and the physical and chemical properties of 
the ammonium thiocyanate intermediate and thiourea 
product. In addition, there is currently no effective 
separation method used in this synthesis, which is also 
a bottleneck in the process. The ammonium thiocyanate 
isomerization method11 uses ammonium thiocyanate as 
the raw material to obtain thiourea. The yield reported 
for this method does not exceed 30%, which results 
in high production costs. The lime nitrogen method12 
produces lime milk upon reacting calcium oxide with 
water, which absorbs hydrogen sulfi de to obtain calcium 
hydrosulfi de. The thiourea is further prepared by mixing 
Lime nitrogen and The calcium hydrosulfi de. The yield 
of thiourea reported using this method is only 60%.The 
synthesis of thiourea via the cyanamide-hydrogen sulfi de 
method13 uses cyanamide which can be prepared using two 
processes: Lime nitrogen synthesis and urea atmospheric 
pressure dehydration. The lime nitrogen synthesis uses 
sulfuric acid as a weak acid catalyst to decompose lime 
nitrogen into cyanamide at low temperature. A modifi ed 
atmospheric molecular sieve is used as the catalyst to in 
the urea atmospheric pressure dehydration step, which 
is performed under an ammonia atmosphere, to form 
cyanamide. Thiourea is then prepared in a concentrated 
aqueous ammonia solution of cyanamide and hydrogen 
sulfi de gas. The total yield of thiourea using this method 
can reach 33%. In this study, urea and Lawesson’s reagent 
were used as the raw materials to prepare thiourea via 
a one-step method through sulfuration reaction.The most 
benefi cial conditions were investigated and the resulting 
product was characterized. Our study aims to establish 
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a high yielding, mild and simple preparation method for 
the synthesis of thiourea.

EXPERIMENTAL

Lawesson’s reagent (80% purity), urea, and tetrahy-
drofuran (analytical grade) obtained from Kang Baotai 
Fine Chemical Co., Ltd. Ultrapure water was used 
throughout our study. Fourier transform infrared (FT-IR) 
spectra were recorded using KBr discs on a Shimadzu 
8400S spectrophotometer. The absorbance spectra were 
recorded on a UV 9100 D UV-Vis spectrophotometer 
manufactured by Beijing Laibo Tyco Instrument Co., Ltd. 
Thermogravimetric analysis (TGA) was carried out under 
a nitrogen atmosphere on a Shimadzu TGA-50 thermal 
analyzer. The crystal structure of the thiourea product 
was characterized using X-ray powder diffraction (XRD) 
recorded on a Bruker-D8 Advance diffractometer using 
Cu Kα radiation.

Synthesis of thiourea
The synthesis of thiourea is shown in Fig. 1.

spectroscopy in the range of 200–1000 nm, as shown in 
Fig. 3. The maximum absorbance was observed at 235 nm.

Figure 1. Synthesis of thiourea using Lawesson’s reagent and 
urea

Lawesson’s reagent (2 g, 0.005 mol) and urea (1 g, 
0.017 mol) were added to 40 mL of tetrahydrofuran and 
the resulting solution heated in a water bath at 343K for 
4 h under an atmosphere of N2. The reaction mixture 
was cooled to room temperature and the tetrahydrofuran 
removed via distillation. and the Lawesson's reagent and 
urea were dissolved in tetrahydrofuran by stirring to form 
a yellow transparent mixed solution. The reaction slowly 
and a white substance was formed at the bottom of the 
bottle of the three-mirror fl ask. The white material is 
thiourea and by-product thiophosphorus ylide, as well as 
excess urea. After the reaction is completed, the prod-
uct is purifi ed by a method of dissolving and fi lter-
ing, using n-butanol as a solvent, and then by-produ-
cts in the experiment are rec-overed.

Determination of the product composition
The reaction mechanism for the preparation of 

thiourea using urea and Lawesson’s reagent is shown 
in Figure 2. Lawesson’s reagent is decomposed into 
two molecules upon heating. Urea is a typical amide 
structure and contains a carbonyl group in which the C 
atom carries a partial positive charge and the O atom 
a partial negative charge, and a nucleophilic reaction 
occurs. The sulfur anion of Lawesson’s reagent attacks 
the carbon of urea. The positive ions, the phosphorus 
cations of Lawesson’s reagent and the oxygen anions of 
urea form a C, O, P, S four-membered ring transition 
state. The quaternary transition ring is unstable, and 
the electrons of the phosphorus-sulfur bond migrate to 
the phosphorus-oxygen bond to form a thiophosphorus 
ylide. At the same time, the carbon-oxygen single bond 
is broken, and the carbon-sulfur bond transforms to 
a double bond, forming thiourea.

The absorption spectrum of a standard sample of 
thiourea was recorded using ultraviolet-visible absorption 

Figure 2. Mechanism of thiourea synthesis

Figure 3. The absorption spectrum of thiourea

To obtain the value of the yield, the yield of thiourea 
can be conveniently calculated using the standard curve 
of thiourea. The pure sample of 0.01 g of thiourea into 
100 ml of solution, and several parts were diluted. The 
absorbance value was measured at 235 nm, and the 
standard curve of absorbance versus concentration was 
plotted. 4 is shown. For sample analysis, the absorbance 
(A) of the crude sample was measured at 235 nm and 
used to calculate the thiourea content (C). This assay 
has the advantages of simplicity, sensitivity, rapidity, high 
selectivity, and good stability.

Figure 4. Standard curve of absorption and concentration 
obtained for thiourea
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RESULTS AND DISCUSSION

Eff ect of the mass ratio of reactants on the yield of 
thiourea

We explored the effect of different mass ratios of 
Lawesson’s reagent and urea on the reaction yield. Due 
to the large molar mass of Lawesson’s reagent and to 
reduce waste, the other reactions conditions were kept 
unchanged. The reaction was performed using 40 mL of 
tetrahydrofuran and heated in a water bath at 343K for 
4 h under an atmosphere of N2 using various mass ratios 
of Lawesson’s reagent and urea (3.2:1, 2.7:1, 2.3:1, 2:1, 
and 1:1). The experimental results are shown in Fig. 5.

Eff ect of the reaction time on the yield of thiourea
We explored the effect of the reaction time on the 

yield of thiourea. Lawesson’s reagent (2.0 g, 0.005 mol) 
and urea (1.0 g, 0.017 mol) were reacted using the most 
benefi cial mass ratio of 2:1 and reaction temperature 
of 348 K in 40 mL of tetrahydrofuran and magnetically 
stirred under a nitrogen atmosphere for various reaction 
times (3, 3.5, 4, 4.5, and 5 h, respectively). The experi-
mental results are shown in Fig. 7. When the reaction 
time is less than 3.5 h, the reaction is still in progress. 
Therefore, the yield of thiourea is low, reaching a ma-
ximum value of 69.23% after 3.5 h. However, a further 
increase in the reaction time leads to product decom-
position and the reaction yield decreases. Therefore, 
the most benefi cial reaction time was found to be 3.5 h.Upon increasing the mass ratio of Lawesson’s reagent 

and urea to 2:1, the yield of thiourea rapidly increased 
to 47.18%. However, when the mass ratio was further 
increased, the amount of Lawesson’s reagent and steric 
hindrance effect increases and the molecular collision 
rate between Lawesson’s reagent and urea decreases, 
which affects the reaction, and results in a decrease in 
the reaction yield. Therefore, the most benefi cial ratio 
of Lawesson’s reagent and urea was found to be 2:1.

Eff ect of the reaction temperature on the yield of thiourea
Under the condition that the mass ratio of Lawesso-

n’s reagent to urea is 2:1, other reaction conditions are 
kept unchanged Lawesson’s reagent (2.0035 g, 0.005 
mol), urea (1.0869 g, 0.018 mol), was added to 40 ml of 
tetrahydrofuran and heated for 4 h in a N2 atmosphere, 
and the temperature of the water bath was changed to 
investigate the change in the yield, as shown in Fig. 6.

Initially, a gradual increase in the reaction temperature 
increases the number of reactant molecules that exceed 
the activation energy of the reaction, which increases 
both the reaction conversion rate and yield. The re-
action yield reaches its maximum (64.14%) at 348K. 
As the reaction temperature is further increased, the 
selectivity of the reaction decreases, the number of side 
reactions increase, and the product decomposes due to 
high temperature, all of which cause a decrease in the 
reaction yield. Therefore, the most benefi cial reaction 
temperature was found to be 348K.

Figure 7. Effect of the reaction time on the yield of thiourea

Figure 6. Effect of the reaction temperature on the yield of 
thiourea

Figure 5. Effect of the mass ratio of Lawesson’s reagent and 
urea on the yield of thiourea

The reproducibility of the reaction
The thiourea synthesis was repeated to investigate the 

reproducibility of the reaction using the optimal reaction 
conditions (Reaction time = 3.5 h, reaction temperature 
= 348K, and mass ratio of urea to Lawesson’s reagent 
= 2:1). The experimental results are shown in Table 1.

The results show that under the optimal reaction 
conditions, the yield was maintained between 58% and 
66%, and the average yield was 62.37%.
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X-ray diff raction 
XRD was used to characterize and compare the as-

obtained thiourea product and standard sample, respec-
tively. As shown in Fig. 7, the black line represents the 
XRD pattern recorded for the standard thiourea sample 
and the blue line represents the as-obtained product. The 
characteristic diffraction peaks of the standard sample 
are observed at 20, 21, 23, 26, 30, 32, 35, and 36o. These 
diffraction peaks are also present in the XRD pattern 
of the product obtaining using our synthetic method, 
which confi rms that the as-obtained material is thiourea. 
There are also some small peaks observed in the XRD 
pattern of our product that correspond to the impurities 
formed during the reaction. 

Thermogravimetric analysis
The TGA curves of the standard thiourea sample (black 

line) and the as-synthesized thiourea product (blue line) 
are shown in Fig. 8. The TGA curve of the thiourea 
standard can be divided into three stages, namely in the 
temperature regions below 175oC, between 175–250oC, 
and above 250oC. At <175oC, thiourea is in its molten 
state. This region is accompanied by the isomerization 
of thiourea, which includes the formation of ammo-
nium thiocyanate. When the temperature increases to 
175–250oC, the rate of weight loss of thiourea is at its 
largest and is accompanied by gas generation, which 
indicated the decomposition of thiourea. When the 
temperature is >250oC, the reaction is obviously slow, 
and the isomerized product and the decomposition 
products were decomposed into guanidine. The TGA 

Structural characterization of the thiourea product

Infrared spectroscopy
The as-prepared thiourea sample was investigated 

using FT-IR spectroscopy in the wavenumber range of 
4000–400 cm–1, as shown in Fig. 8.

Table 1. Repeated experimental data

Figure 9. The XRD patterns recorded for a standard sample of thiourea and the as-obtained product

Figure 8. FT-IR spectrum of thiourea

Characteristic absorption peaks at 3429, 3216, and 1081, 
1503 cm–1 , 1190 cm–1. The peak observed between 3429 
and 3216 cm–1 is the characteristic absorption peak of the 
primary amine, the peak between 1081 and 1190 cm–1 
is the characteristic absorption peak of C=S, and the 
characteristic peak of CN3 is observed at 1503 cm–1 14, 15.
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curve of the as-synthesized product is also divided into 
three stages, in the temperature regions below 150oC, 
between 150–230oC, and above 230oC. The two curves 
have similar trends in the fi rst two stages, and the main 
component is thiourea. At >230oC, the curve is slowly 
reduced, which can be attributed to the ammonium 
thiocyanate formed via the isomerization of the Lawes-
son’s reagent by-product and the decomposition of the 
thiourea product into anthraquinone.
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Figure 10. TGA curves recorded for a standard sample of thiourea 
and the as-obtained product

CONCLUSION

In this study, urea and Lawesson’s reagent were used 
as raw materials to prepare thiourea by one-step method, 
and the reaction mechanism was analyzed. The optimal 
reaction conditions were determined as follows: Reaction 
time = 3.5 h, reaction temperature 75oC, and mass ratio of 
Lawesson’s reagent and urea = 2:1. The average yield of 
the repeated experiments was 62.37%. Repeated experi-
ments are carried out under the most benefi cial condi-
tions for the preparation of thiourea. The maximum yield 
of the repeated experiments is 66.05% and the average 
yield reaches 62.37%, which is higher than the highest 
yield of 60% reported in the current literature. The 
characterization results of the products obtained using 
our synthetic route confi rm the target product, thiourea 
was formed. Our process is short, high yielding, and 
uses mild reaction conditions. The research results lay 
the foundation for the industrial production of thiourea.
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