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ABSTRACT

We report the green synthesis of silver nanoparticles by using Euphorbia condylocarpa
M. bieb root extract for the synthesis of N-monosubstituted ureas in water. UV-Visible
studies show the absorption band at 420 nm due to surface plasmon resonance (SPR) of
the silver nanoparticles. This reveals the reduction of silver ions (Ag®) to silver (Ag®)
which indicates the formation of silver nanoparticles (Ag NPs). This method has the
advantages of high yields, simple methodology and easy work up.

Keywords: UV-Visible, N-Monosubstituted urea, Surface plasmon resonance, Ag
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1. Introduction

N-Monosubstituted ureas have potential medical and agricultural applications [1,2].
Several methods for their preparation have been reported, but synthetic approaches for
these compounds are needed. Classical methods for the synthesis of N-monosubstituted
ureas have involved reaction of primary or secondary amines with isocyanates [3,4], toxic
phosgene or its derivatives [5,6], insertion of CO or CO, into amino compounds in the
presence of different catalysts in organic solvents at high temperature and pressure [7-
10], reaction of amines with sodium or potassium cyanate in aqueous solution in the
presence of one equivalent of HCI [11], acid or base-catalyzed hydration of cyanamides
[12-15], and reaction of §,S-dimethyl dithiocarbonate with ammonia in water-dioxane
[16].

Earlier reported methods for the preparation of N-monosubstituted ureas suffer from
drawbacks such as the use of expensive and toxic reagents and catalysts, the
environmental pollution caused by utilization of organic solvents and use of corrosive
base or acids such as HF-pyridine complex, H,SO4, H,0,/NaOH and HCI, low yields,
high temperatures, long reaction times, harsh reaction conditions, difficulty in availability
or preparing the starting materials or catalysts, tedious work-up, waste control and



formation of side products. Therefore, the need for ‘greener’ methods or chemical
products that reduce or eliminate the use and generation of hazardous compounds is
essential.

Among currently available synthetic routes to N-monosubstituted ureas, the most
widely used one is based upon hydration of cyanamides [12-15], which involves the
treatment of cyanamides with corrosive acids or bases. To resolve this problem, recently
Kim et al. described the hydration of cyanamides into ureas using InCl; and acetaldoxime
as a water surrogate in toluene as the toxic organic solvent [17]. However, the
development of an efficient and versatile method for the hydration of cyanamides is an
active ongoing research area, and there is a potential for further improvement toward
green chemistry.

From the standpoint of ‘green chemistry’ and for reasons of economy and pollution,
organic reactions in water are of great interest to make the classical procedures more
clean, safe and easy to perform [18,19]. Water is cheap, non-toxic, non-combustible, non-
explosive, and environmentally acceptable [18,19].

Nanotechnology is emerging as a cutting edge technology interdisciplinary with
biology, chemistry and material science. In recent years, noble metal nanoparticles have
been the subjects of focused researches due to their unique electronic, optical,
mechanical, magnetic and chemical properties that are significantly different from those
of bulk materials [20]. For these reasons, metallic nanoparticles have found uses in many
applications in different fields, such as catalysis, photonics, and electronics.

In nanotechnology, silver nanoparticles are the most promising one. Silver
nanoparticles (Ag NPs) have been widely used during the past few years in various
applications, such as biomedicine, biosensors, catalysis, pharmaceuticals, electrical
conductivity, photonics and as the substrates for surface-enhanced Raman spectroscopy
(SERS) due to the existence of surface plasmons [21-26]. The silver nanoparticles
provide high surface energy, which promotes surface reactivity (e.g., adsorption,
catalysis). One unique property of silver nanoparticles includes their utilization in
fluorescence and surface plasmon resonance (SPR) [23,24,27]. The frequency and
intensity of plasmon resonance are dependent on the distribution of charge across the
nanostructure, which in turn is determined by the shape [28].

Hence in recent years the green synthesis approach has emerged as one of the active
areas of research. The green synthesis techniques are generally synthetic routes that
utilize relatively nontoxic solvents such as water, biological extracts, biological systems
and microwave assisted synthesis [29-35]. Green synthesis of NPs has several advantages
over chemical synthesis, such as simplicity, cost effectiveness as well as compatibility for
biomedical and pharmaceutical applications.

The plants of the Euphorbiaceae contain acrid, milky, or colorless juice. Chemical
data are available for several genera, especially Eubhorbia, where more than 120 species
have been investigated. The family Euphorbiaceae is rich in flavonoids, particularly



flavones and flavonols, which have been identified from several genera. Furthermore, the
previouse studies in 1970 on Euphorbia condylocarpa demonstrated the presence of
phytochemicals such as flavonoids, tetracyclic triterpenoids, and trifolin in different parts
of the plant [33-36].

In continuation of our recent works on the green chemistry [36-40], we wish to report
a new and rapid protocol for the preparation of silver nanoparticles by using Euphorbia
condylocarpa M. bieb root extract (Figure 1) as a reducing and stabilizing agent. Also,
the optical absorption properties was measured by UV-Visible spectrophotometer and
observed the absorption peak in 440 nm region due to surface plasmon resonance (SPR)
of the silver nanoparticles.
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Figure 1. Image of Euphorbia condylocarpa M. bieb.

In addition, we hereby report a new protocol for the hydration of cyanamides in water
using silver nanoparticles as a stable heterogeneous catalyst (Scheme 1).
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2. Experimental and modeling

All reagents were purchased from the Merck and Aldrich chemical companies and
used without further purification. Products were characterized by different spectroscopic
methods (FT-IR and NMR spectra), elemental analysis (CHN) and melting points. The
NMR spectra were recorded in acetone and DMSO. *H NMR spectra were recorded on a
Bruker Avance DRX 250, 300 and 400 MHz instrument. The chemical shifts (o) are
reported in ppm relative to the TMS as internal standard. J values are given in Hz. IR
(KBr) spectra were recorded on a Perkin-Elmer 781 spectrophotometer. Melting points
were taken in open capillary tubes with a BUCHI 510 melting point apparatus and were



uncorrected. The elemental analysis was performed using Heraeus CHN-O-Rapid
analyzer. TLC was performed on silica gel polygram SIL G/UV 254 plates. UV-Visible
spectral analysis was recorded on a double-beam spectrophotometer (Hitachi, U-2900) to
ensure the formation of nanoparticles.

2.1. General procedure for the synthesis of cyanamides
Cyanamides were prepared according to the literature [41].

2.2. Preparation of Euphorbia condylocarpa M. bieb root extract
10 G of dried plant powder was extracted using boiling in 100 mL double distillated
water for 10 min and aqueous extract was filtered.

2.3. Green synthesis of silver nanoparticles using Euphorbia condylocarpa M. bieb root
extract

In a typical synthesis of Ag NPs, 5 mL of aqueous extract was added dropwise to 50
mL of 0.003 M aqueous solution of AgNOj3 (0.003 M) with constant stirring at 50 °C.
After 30 min the color of the solution changed from yellow to reddish brown during the
heating process due to excitation of surface plasmon resonance which indicates the
formation of Ag nanoparticles. Reduction of silver ions (Ag®) to silver (Ag°) was
completed around 1 hour (as monitored by UV-Vis and FT-IR spectra of the solution).
Then the colored solution of silver nanoparticles was centrifuged at 6000 rpm for 30 min
to completely dispersing. The nanoparticles solution was diluted 10 times with distilled
water to avoid the errors due to high optical density of the solution.

2.4. General procedure for the hydration of cyanamides to N-monosubstituted ureas
using silver nanoparticles

A mixture of the appropriate cyanamide (1.0 mmol), water (10 mL) and Ag NPs (5.0
mg) was stirred under reflux conditions for 1 h. After completion of reaction (as
monitored by TLC), Ag NPs were separated from the reaction mixture by centrifugation.
The desired pure products were characterized by *H NMR, *C NMR, FT-IR, elemental
analysis (CHN), and melting points.

2.5. Spectra Data

N-Phenylurea (Table 2, entry 1): M.p. 143-145 °C; FT-IR (KBr, cm™) 3346, 3268,
3243, 3193, 3057, 1740, 1656, 1597, 1561, 1493, 1447, 1369, 1319, 1238, 1068, 737,
691, 605, 491; '"H NMR (300 MHz, DMSO-ds) dy = 8.55 (s, 1H), 7.38 (d, J = 7.8 Hz,
2H), 7.20 (t, J = 7.6 Hz, 2H), 6.87 (t, J = 7.2 Hz, 1H), 5.84 (s, 2H); *C NMR (75 MHz,
DMSO-ds) oc = 156.5, 141.0, 129.0, 121.5, 118.2; Anal. Calcd for C;HgN.O: C, 61.75;
H, 5.92; N, 20.58. Found: C, 61.65; H, 5.82; N, 20.49.



N-(4-Methoxyphenyl)urea (Table 2, entry 2): M.p. 167-169 °C; FT-IR (KBr, cm™)
3471, 3337, 3195, 2955, 2837, 1645, 1616, 1592, 1547, 1512, 1417, 1347, 1302, 1247,
1137, 1108, 1038, 823, 785, 675, 563, 519; *H NMR (300 MHz, DMSO-d;) dn = 8.27 (s,
1H), 7.26 (d, J = 7.2 Hz, 2H), 6.78 (d, J = 7.2 Hz, 2H), 5.68(s, 2H), 3.67 (s, 3H); **C
NMR (75 MHz, DMSO-d;) Jc = 156.6, 154.3, 134.1, 119.9, 114.3, 55.6; Anal. Calcd for
CgH10N203: C, 57.82; H, 6.07; N, 16.86. Found: C, 57.71; H,5.94; N, 16.78.

N-(4-Methylphenylyurea (Table 2, entry 3): M.p. 182-184 °C; FT-IR (KBr, cm™)
3431, 3311, 3041, 2920, 1655, 1620, 1591, 1551, 1514, 1408, 1357, 1256, 1109, 1024,
824, 811, 708, 638, 551, 501; 'H NMR (300 MHz, DMSO-dy) 81 = 8.35 (s, 1H), 7.24 (d,
J = 7.8Hz, 2H), 7.00 (d, J = 7.8Hz, 2H), 5.73 (s, 2H), 2.20 (s, 3H); *C NMR (75 MHz,
DMSO-ds) oc = 156.5, 138.4, 130.1, 129.4, 118.2, 20.7; Anal. Calcd for CgH1oN2O: C,
63.98; H, 6.71; N, 18.65. Found: C, 63.35; H, 6.65; N, 18.51.

N-(2-Methylphenyl)urea (Table 2, entry 4): M.p. 198-200 °C; FT-IR (KBr, cm™)
3438, 3315, 3218, 1650, 1613, 1582, 1547, 1459, 1354, 1289, 1258, 1117, 1041, 844,
747, 596, 480; '*H NMR (400 MHz, DMSO-ds) oy = 7.79 (t, J = 6.4 Hz, 1H), 7.69 (s,
1H), 7.13-7.07 (dd, J = 8.0 Hz, J = 7.6 Hz, 2H), 6.88 (d, J = 7.4 Hz, 1H), 6.03 (s, 2H),
2.19 (s, 3H); ®C NMR (100 MHz, DMSO-ds) dc = 156.6, 138.6, 130.5, 127.4, 126.4,
122.5, 121.4, 18.36; Anal. Calcd for CgHioN,O: C, 63.98; H, 6.71; N, 18.65. Found: C,
63.85; H, 6.61; N, 18.52.

N-(4-Chlorophenyljurea (Table 2, entry 5): M.p. 208-210 °C; FT-IR (KBr, cm™)
3427, 3314, 3215, 1654, 1611, 1587, 1549, 1492, 1401, 1357, 1091, 821, 731, 503; *H
NMR (250 MHz, DMSO-ds) on = 8.80 (s, 1H), 7.41 (d, J = 8.1Hz, 2H), 7.25 (d, J =
8.1Hz, 2H), 5.93 (s, 2H); **C NMR (62.5 MHz, DMSO-ds) dc = 156.3, 140.1, 128.8,
124.8, 119.6; Anal. Calcd for C;H;CIN,O: C, 49.28; H, 4.14; N, 16.42. Found: C, 49.17;
H, 4.05; N, 16.31.

N-(4-Nitrophenyl)urea (Table 2, entry 6): M.p. 226-229 °C; FT-IR (KBr, cm™) 3488,
3381, 3317, 3247, 3218, 3152, 1690, 1595, 1550, 1488, 1414, 1359, 1322, 1299, 1261,
1179, 1111, 1097, 1005, 855, 839, 750, 718, 632, 566, 473, 434, 411; *H NMR (300
MHz, DMSO-d;) on = 9.30 (s, 1H), 8.10 (d, J = 9.0Hz, 2H), 7.60 (d, J = 9.0Hz, 2H), 6.20
(s, 2H); *C NMR (75 MHz, DMSO-dy) dc = 155.7, 147.7, 140.9, 125.5, 117.3; Anal.
Calcd for C/H;N303: C, 46.41; H, 3.89; N, 23.20. Found: C, 46.52; H, 3.80; N, 23.08.

N-(2,5-Dichlorophenyl)urea (Table 2, entry 7): M.p. 232-234 °C; FT-IR (KBr, cm™)
3495, 3417, 3364, 3340, 3308, 3206, 2826, 1676, 1610, 1586, 1535, 1466, 1410, 1385,
1351, 1263, 1089, 1056, 873, 805, 792, 764, 583, 557, 475, 440, 418; 'H NMR (300
MHz, DMSO-d;) dn = 8.24 (s, 2H), 7.38 (d, J = 8.1 Hz, 1H), 6.96 (d, J = 8.1 Hz, 1H),
6.55 (s, 2H); *C NMR (75 MHz, DMSO-dy) dc = 154.7, 137.7, 131.7, 129.9, 121.5,
119.5, 118.8; Anal. Calcd for C;HgN,OCl,: C, 41.00; H, 2.95; N, 13.66. Found: C, 39.84;
H, 2.89; N, 13.80.

N-(3-Bromophenylyurea (Table 2, entry 8): M.p. 141-143 °C; FT-IR (KBr, cm™)
3375, 3333, 3189, 1679, 1578, 1476, 1410, 1091, 861, 777, 674, 599; 'H NMR (400



MHz, DMSO-dg) oy = 8.74 (s, 1H), 7.83 (s, 1H), 7.23-7.15 (m, 2H), 7.07 (d, J = 8.1 Hz,
1H), 5.97 (s, 2H); °C NMR (100 MHz, DMSO-dy) ¢ = 156.2, 142.7, 131.0, 123.0,
120.4, 120.2, 116.8; Anal. Calcd for C;H;N,OBr: C, 39.10; H, 3.28; N, 37.16. Found: C,
39.20; H, 3.34; N, 37.26.

N-(4-Acethylphenylyurea (Table 2, entry 9): M.p. 297-298 °C; FT-IR (KBr, cm™)
3407, 3307, 3215, 1672, 1613, 1584, 1536, 1508, 1410, 1357,1310, 1273, 1117, 1013,
963, 874, 835, 766, 747, 718, 632, 655, 594, 494, 410; 'H NMR (300 MHz, DMSO-dy)
on =8.93 (s, 1H), 7.80 (d, J = 8.4 Hz, 2H), 7.50 (d, J = 8.4 Hz, 2H), 6.02 (s, 2H), 2.47 (s,
3H); °C NMR (75 MHz, DMSO-d;) ¢ = 196.6, 156.0, 145.7, 130.2, 130.0, 117.0, 26.7;
Anal. Calcd for CgH;10N20;: C, 60.66; H, 5.66; N, 15.72. Found: C, 60.47; H, 5.45; N,
15.59.

N-(1-Naphthyl)urea (Table 2, entry 10): M.p. 221-222 °C; FT-IR (KBr, cm™) 3444,
33055, 3206, 3052, 2922, 1651, 1608, 1555, 1530, 1505, 1360, 1335, 1278, 1101, 785,
772, 608, 530; 'H NMR (300 MHz, DMSO-dy) 6 = 8.70 (s, 1H), 8.17 (s, 1H), 8.00 (d, J
= 7.3 Hz, 1H), 7.85 (s, 1H), 7.73-7.37 (m, 4H), 6.22 (s, 2H); *C NMR (75 MHz, DMSO-
ds) 0c =157.1,135.9, 1345, 128.9, 126.6, 126.4, 126.0, 122.7, 122.3, 117.5; Anal. Calcd
for C11H10N2032: C, 70.95; H, 5.41; N, 15.04. Found: C, 70.82; H, 5.34; N, 14.91.

3. Results and discussion

In this study, Euphorbia condylocarpa M. bieb root extract has been used as a
reducing and stabilizing agent for the synthesis of silver nanoparticles. Figure 2 and 3
show the UV-Vis and FT-IR spectra of Euphorbia condylocarpa M. bieb root extract,
respectively.

+2.6868A8 i L3

.
. J \\‘ '

Z84a.4 JB.BCNMSDIV, » 5088.8

Tm
i

[=ld }
T
o

-

+08.68684

Figure 2. UV-Vis spectrum of Euphorbia condylocarpa M. bieb root extract.
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Figure 3. FT-IR spectrum of Euphorbla c:fondylocarpa M. bieb root extract.
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The UV spectrum with bonds at Amax 387 (bond 1) which is due to the transition
localized within the B ring of cinnamoyl system; whereas the one depicted at 283 (bond
2) is consistent with absorbance of ring A of benzoyl system (Scheme 2). They are
related to the m — 1 transitions and these absorbent bonds demonstrated the presence of
flavon nuclei.

Scheme 2

The FT-IR spectrum depicted some peaks at 3436 to 3000, 1643, 1561, 1413 and 1277
cm™ which represent free OH in molecule and OH group forming hydrogen bonds,
carbonyl group (C=0), stretching C=C aromatic ring and C-OH stretching vibrations,
respectively.

Reduction of silver ion to silver nanoparticles during exposure to the plant extracts
could be followed by color change and spectroscopic techniques such as UV-Vis. As the
Euphorbia condylocarpa M. bieb root extract was mixed in the aqueous solution of the
silver nitrate, it started to change the color from watery to reddish brown (Figure 4) due
to the surface Plasmon resonance phenomenon which indicated formation of silver
nanoparticles. The intensity of the color was increased during the process.



Figure 4. (a) Photograph of Euphorbia condylocarpa M. bieb root extract; (b) Color change of aqueous
solution of silver nitrate after addition of Euphorbia condylocarpa M. bieb root extract.

Figure 5 shows the UV-Vis spectra of Ag NPs formation. The progression of the
reaction, formation and stability of silver nanoparticles were controlled by UV-Vis
spectroscopy. The best time was 1 h and the best concentration of AgNO3; was 0.003 M.
Also the ratio of plant extract to AgNO;3 solution was 1/10. No significant increase in
absorbance was observed after 1 h of reaction time, which indicates the completion of
reaction. The appearance of a single, bell shaped, surface plasmon band at the wavelength
of maximum absorbance at 420 nm, indicated the formation of Ag NPs. The synthesized
silver nanoparticles by the this method are quite stable and no obvious variance in the
shape, position and symmetry of the absorption peak is observed even after two months
which indicates that the as-prepared silver nanoparticles can remain stable.

a: After 2 hrs
b: After 1 hr
c: After 30 min
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Figure 5. UV-Vis spectrum of green synthesized Ag NPs at different times.

Figures 6 represents the FT-IR spectrum of biosynthesized silver nanoparticles by the
Euphorbia condylocarpa M. bieb root extract and shows bands at 3423, 2918, 2850,
1578, 1377 and 1033. The band at 3423 cm™ corresponds to free O-H or stretching
vibrations of hydroxyl group of alcohols or phenols in bonding. Signals ranging under
3000 to 2800 cm™ identify the methylene stretching bonds. Furthermore, the peak at 1578
cm™ corresponds to conjugated aromatic C=C bonds. As shown in Figure 6, a prominent
shift in the wave numbers was observed from 1000 to 1380 cm™ characterize the C-C



stretching bond of hydrocarbon skeletal vibrations. From the analysis of FT-IR bands of
silver nanoparticles studies we grasp that the antioxidant polyphenolics have the stronger
ability to bind metal indicating that could possibly from the metal nanoparticles (capping
of silver nanoparticles) to form biometallic complex (bio chelating) and thereby remove
the oxidant agent and stabilize the medium. This suggests that the FEuphorbia
condylocarpa aqueous extract could possibly perform dual functions of formation and
stabilization of Ag NPs in the aqueous medium.
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Figure 6. FT-IR spectrum of Ag NPs produced from the root of the Euphorbia condylocarpa M. bieb
extract.

In Fig. 7, the TEM micrograph of the green silver nanoparticles indicates the
nanoparticles are spherical in shape with a narrow size.
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Fig. 7. TEM image of green synthesized Ag NPs.

3.1. Optical modeling

Let us consider a region 0<z<d occupied by silver nanoparticles dispersed in water
(Figure 8) while the regions z<0and z > d are vacuous. Suppose an arbitrarily polarized
plane wave is normally incident (axial excitation) on the chosen structure from thez <0.
The phasors of incident, reflected and transmitted electric fields are given as [42]:
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where (a,,a,),(r,r,) and (¢ ,z,) are the amplitudes of incident plane wave, and reflected
and transmitted waves with S- or P-polarizations, K, = w,/x,¢, =271 4, is the free space
wave number, 2, is the free space wavelength, », =8.854x10? Fm*, and ,, =4z x107 Hm™
are the permittivity and permeability of free space (vacuum), respectively, and 4 are
the unit vectors in Cartesian coordinates system.

z=d

Figure 8. Schematic of the boundary-value problem for silver nanoparticles dispersed in water in order to
excitation surface plasmon.

The reflectance and transmittance amplitudes can be obtained, using the continuity of
the tangential components of electrical and magnetic fields at interfaces and solving the
algebraic matrix equation [43-45]:

t a,
t a
P|_ -1 p
O - E] ' &Ag—Wam ]E] rs
0 r, @)
The different terms and parameters of this equation are given in detail by Lakhtakia [42].
A + A,
A=5_"F
In our work the absorption for natural light is considered as 2 where
ol |4 " -
A[:l'o_(j;)Rj[+Tj[)’R[,j_ a, 1T[,/ a, L] =8P
In optical modeling, the effective dielectric constant

3f(5W_5Ag) )

26y + 845 + (8 —E4) of silver nanoparticles in water was calculated
using Maxwell-Garnett theory (MGT), where ¢, and ¢, are dielectric constants of water

g@ff =&y (

and silver, while £ is the volume fraction of dispersed material [46]. We have used the
bulk experimental refractive indexes silver and water for homogenization [47]. The
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calculated optical absorption of structure as a function of wavelength for natural light
plane wave at different volume fractions of silver nanoparticles is plotted in Figure 9. The
existence of peak in optical absorption of structure at about 400 nm is due to excitation
surface plasmon wave [48]. It can be observed that as the volume fraction of
nanoparticles increases the width of surface plasmon peak broadens that is consistent
with experiment result. By comparison the results of optical modeling and experiment it
IS seen that there are qualitative agreement between experimental data and results of our
applied optical modeling. This slight difference between our optical modeling and
experimental result can be related to the structural difference between the idealized
theoretical model for structure and that obtained in experimental result. On the other
hand, the experimental composite films exhibit a large amount of scattering due to the
highly complex and non-ideal structure that the individual nanoparticles exhibit.

——fAg=0.001
£Ag=0.003
~fAg=0.005

Absorption

360 4(I)0 5(I)0 560 760
A(nm)

Figure 9. Calculated absorption as a function of wavelength at different volume fractions silver
nanoparticles.

3.2. Activity of Ag NPs catalyst for the preparation of N-monosubstituted ureas

In the next step, we tested the catalytic activity of the Ag nanoparticles for the
hydration of cyanamides in water. Initial studies were performed in order to optimize the
reaction conditions for the hydration of 4-methylphenylcyanamide in the presence of the
silver nanoparticles (Table 1). Control experiments show that there is no reaction in the
absence of catalyst (Table 1, entry 6). However, addition of the catalyst to the mixture
has rapidly increased the synthesis of N-monosubstituted ureas in high yields. The best
result was obtained with 1.0 mmol of cyanamide, 5.0 mg of Ag NPs and 10 mL of water
under reflux conditions, which gave the product in an excellent yield.
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Table 1
Hydration of 4-methylphenylcyanamide promoted by silver nanoparticles®

Entry Ag NPs (mg) Solvent Time (h)  Yield (%)”
1 2 H,0 4 60
2 4 H,0 1 80
3 6 H,0 1 95
4 8 H,0 1 95
5 6 H,O:Toluene (8:2 mL) 1 63
6 0 H,0 4 0

“ Reaction conditions: cyanamide (1.0 mmol), water (10 mL), Ag NPs (5.0 mg), reflux, 1 h.
?Isolated Yield.

Next we examined the utility of the Ag NPs catalyst with other cyanamides (Table 2).
Cyanamides contain both electron-releasing and electron-withdrawing groups underwent
the conversion in excellent vyields. Significantly, the reactions between 1-
naphthylcyanamide and water in the presence of Ag NPs afforded corresponding N-(1-
naphthyl)urea product in excellent yield (Table 2, entry 10).

Table 2
Hydration of different cyanamides by the silver nanoparticles
Entry Cyanamide Product Yield (%)”

1 @—N{EN (\jgj{mz 93
2 Meo@N\}éN {©/NTNHZ 92

3 P N 95 (95,94,93)°
MeAQ—N\}(I:N i\} L(NH ( )
4 Me © g - 93
an T
CN ~F .
5 CIAQ;N\}(I;N )l\) ,N\TO(N 3 95

6 O2N~©—N§N /@/grmz 90
7 a® o ®

o & ne o E 95
. Y
CN
9 —a ore %
10 ™ L %

“Yields are after work-up.
“Yield after the fourth cycle.

The first principle of green chemistry states that it is better to prevent waste
production than to treat waste or clean it up after it has been created [49]. In all of
reported methods in the literature, by-product as waste or pollution is produced. It is not
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in compliance with the first principle of green chemistry. In our methods, after
completion of the reaction, there is no cyanamide residue in the reaction mixture. Also,
no organic solvents were used for the extraction of the product in the work-up step and
the method did not require any further purification. Compared to the reported methods,
our method is convenient, fast, safe and easy to work-up.

Nevertheless some disadvantages of the literature works are as below:

e The use of organic solvent and toxic and volatile reagents such as phosgene and
isocyanates;

e Long reaction times, low yield and harsh reaction conditions;

e The use of Flash chromatography or recrystallization for purification of the
products;

e The use of corrosive acids or bases;

e The use of homogeneous catalysts;

e Several-step methods.

All above items are wasting money and time consuming, so our proposed method can
be considered as a green protocol which the reaction will take place at room temperature
with high atom economy, high yields and easy operations without application of toxic
organic solvents, bases, acids and expensive reagents or catalysts. Compared with the
other literature works on the synthesis of N-monosubstituted ureas, the notable features of
our method are:

e The reaction system is simple;

e Organic solvents are not needed;

e Brgnsted acids and organic reagents such as acetaldoxime are not needed,;

e The use of water as a green solvent;

e The yields of the products are very high;

e The use of plant extract as an economic and effective alternative represents an
interesting, fast and clean synthetic route for the large scale synthesis of silver
nanoparticles;

e The Ag NPs catalyst can be easily recovered,;

e High reaction pressure are avoided; and;

e No side product was observed under the reaction conditions, thus this method did
not require any further purification.

The second principle of green chemistry states that the synthetic systems should be
focused to improve the atom economy or atom efficiency [49]. Atom economy (AE) is a
useful concept for estimating the environmental impacts of starting materials in a reaction
to reach a desired product [50]. In comparison with of the literature works, atom
economy of our work is very excellent.

To the best of our knowledge, Ag NPs catalyst is one of the most general and active
catalysts reported so far for the synthesis of N-monosubstituted ureas. The Ag NPs

13



catalyst has an important role in promotion of the synthesis of N-monosubstituted ureas
as a Lewis acid. The catalyst may show complexation towards nitrile group of
cyanamides and thus may enhance the electrophilic character. It involves activation of the
nitrile group over surface of the catalyst and subsequent nucleophilic attack of the water.

The products were characterized by IR, *H NMR and *C NMR spectroscopy and
from melting points. The disappearance of one strong and sharp absorption band (CN
stretching band), and the appearance of NH, NH, and C=0 stretching bands in the IR
spectra, were evidence for the formation of N-monosubstituted ureas (Figure 10). The *H
NMR spectra of the products showed one NH proton signal and another signal for the
NH, protons (Figure 11). *C NMR spectra displayed signal for the CO carbon.
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Figure 10. FT-IR spectrum of N-(3-bromophenyl)urea.
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Figure 11. "H NMR spectrum (400 MHz, DMSO-d) of 5-(3-bromophenyl)urea.

3.3. Catalyst recyclability

The catalyst recycling is an important step as it reduces the cost of the process. The
reusability of the catalyst was checked in the reaction of 4-methylphenylcyanamide with
water under the present reaction conditions (Table 2, entry 3). After the completion of the
reaction, Ag nanoparticles were separated from the reaction mixture by centrifugation.
The catalyst was washed with water several times, dried and employed for the next
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reaction. The activity of the four consecutive runs (95%, 95%, 94% and 93%) revealed
the practical recyclability of the applied catalyst. This reusability demonstrates the high
stability and turnover of catalyst under operating conditions.

4. Conclusions

In summary, we synthesized silver nanoparticles with Euphorbia condylocarpa M.
bieb root extract as a reducing and stabilizing agent without application of toxic reagents
or surfactant template. The optical properties and catalytic activity of the silver
nanoparticles were also studied. This fast and green synthetic method has the advantages
of high vyields, elimination of homogeneous catalysts, simple methodology, easy
preparation and handling of the catalyst and easy work up. The Ag NPs is eco-friendly
catalyst because it produces little waste, and can be recovered and successively reused
without the significant loss of activity. The synthesized silver nanoparticles by this
method are quite stable and can be kept under inert atmosphere for several months.
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Graphical Abstract

Green synthesis, optical properties and catalytic activity of silver
nanoparticles in the synthesis of N-monosubstituted ureas in water
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Figures caption:

Figure 1. Image of Euphorbia condylocarpa M. bieb.

Figure 2. UV-Vis spectrum of Euphorbia condylocarpa M. bieb root extract.

Figure 3. FT-IR spectrum of Euphorbia condylocarpa M. bieb root extract.

Figure 4. (a) Photograph of Euphorbia condylocarpa M. bieb root extract; (b) Color
change of aqueous solution of silver nitrate after addition of Euphorbia condylocarpa M.
bieb root extract.

Figure 5. UV-Vis spectrum of green synthesized Ag NPs at different times.

Figure 6. FT-IR spectrum of Ag NPs produced from the root of the Euphorbia
condylocarpa M. bieb extract.

Figure 7. TEM image of green synthesized Ag NPs

Figure 8. Schematic of the boundary-value problem for silver nanoparticles dispersed in
water in order to excitation surface plasmon.

Figure 9. Calculated absorption as a function of wavelength at different volume fractions
silver nanoparticles.

Figure 10. FT-IR spectrum of N-(3-bromophenyl)urea.

Figure 11. 'H NMR spectrum (400 MHz, DMSO-d;) of 5-(3-bromophenyl)urea.

Figure 1. Image of Euphorbia condylocarpa M. bieb.
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Figure 2. UV-Vis spectrum of Euphorbia condylocarpa M. bieb root extract.
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Figure 3. FT-IR spectrum of Euphorbia éondylocazpa M. bieb root extract.

Figure 4. (a) Photograph of Euphorbia condylocarpa M. bieb root extract; (b) Color change of aqueous
solution of silver nitrate after addition of Euphorbia condylocarpa M. bieb root extract.
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Figure 5. UV-Vis spectrum of green synthesized Ag NPs at different times.
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Figure 6. FT-IR spectrum of Ag NPs produced from the root of the Euphorbia condylocarpa M. bieb
extract.

Fig. 7. TEM image of green synthesized Ag NPs.
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Figure 8. Schematic of the boundary-value problem for silver nanoparticles dispersed in water in order to
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Figure 9. Calculated absorption as a function of wavelength at different volume fractions silver
nanoparticles.
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Figure 10. FT-IR spectrum of N-(3-bromophenyl)urea.

21



0 = <o ™

< oo @ =

= © N~ o

@ == = 0
P _

JE N

9.0 8.5 8.0 .5 7.0 6.5 6.0 P
S W ww e

Figure 11. 'H NMR spectrum (400 MHz, DMSO-d;) of 5-(3-bromophenyl)urea.
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