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a b s t r a c t 

In the current research, two mesoporous structures of sodium zincate [Na 2 Zn(OH) 4 ], spheres and aggre- 

gated particles, has been synthesized from sulfonation of melamine-formaldehyde (MF) and then bound- 

ing [Na 2 Zn(OH) 4 ] particles onto the surface of sulfonated melamine–formaldehyde (SMF). Furthermore, in 

the present synthetic methodology the zinc oxide (ZnO) thin films on sulfonated melamine–formaldehyde 

was formed via the chemical deposition, and thermal treatment techniques of the sodium zincate. Sev- 

eral spectroscopic and analytical methods proved the structural and morphological properties of sodium 

zincate mesoporous structures based on sulfonated melamine formaldehyde [SMF/Na 2 Zn(OH) 4 ]. The ex- 

perimental studies showed that these catalytic systems showed high activity in the Biginelli reaction for 

the synthesis of 3,4-dihydropyrimidin-2(1H)-one derivatives and will find recoverable potential applica- 

tion. The obtained results indicated that the synthesized mesoporous structures had a thermal stability 

near 300 °C, particle-size distribution around of 10–120 nm for spheres and the surface area of 6 and 2 

m 

2 /g for spheres and aggregated particles, respectively. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

The applying of heterogeneous acidic catalysts is one of impor- 

ant fields in industrial chemistry, which has been attracting con- 

iderable attention in recent years. Disadvantages of homogeneous 

cid catalysts such as generating waste materials, equipment corro- 

ion, the problems of separating and recycling, high cost, and low 

ields have limited homogeneous acid catalysts applications [1] . 

hese problems can be overcome by heterogenizing homogeneous 

cid catalysts via various supports such as polymers [2–8] , meso- 

orous materials [9] , metal oxides [10,11] , and nano-magnetites 

12] . Although the reactants have finite access to the internal ac- 

ive sites of acid catalysts, nanomaterial-based acid catalysts dis- 

lay higher activity and selectivity than their corresponding bulky 

olecules. This result can be attributed to a considerable increase 

n surface area of supported system, which enhances the contact of 

eactant molecules with the catalyst [13] . Recently, the synthesis of 
∗ Corresponding author. 
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etal oxide nanoparticles has been attracting significant interest in 

anotechnology research because of its high demand in industries 

nd medical fields as drug delivery materials, fillers, antimicrobial 

gents, alternative catalysts, photonic and battery materials [14] . 

dditionally, many new applications have been developed as a re- 

ult of controlling particle size and shape of metal oxide nanoparti- 

les [15,16] . Many homogeneous and heterogeneous sulfonated cat- 

lysts have been prepared using the direct sulfonation technique, 

ncluding the addition of chlorosulfonic acid [17] . MF resin has in- 

icated the exceptional potential to enhance numerous properties, 

uch as metal ions chelating [18] , anion exchange [19] , and com- 

osite as well as cells creation [20] . The porosity structure and the 

lear presence of amino functional groups on the surface of MF 

ead to distinctive physical, surface-chemical, and catalytic perfor- 

ance [21] . The SMF as a superhydrophilic material was designed 

nd synthesized via self-assembly of a copolymer surfactant (F127) 

ia the reaction of melamine with formaldehyde and NaHSO 3 in 

n aqueous solution. This material causes increasing the miscibil- 

ty of the catalyst with the biofuel reactant. The structure of SMF 

as been fully characterized through electron microscopy meth- 

https://doi.org/10.1016/j.molstruc.2021.130028
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130028&domain=pdf
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ds [22] . Physical and chemical properties of the various nanos- 

ructures of ZnO, which are arising from size, morphology, dimen- 

ions, shape-controlled synthesis of nanostructures has generated 

onsiderable interest in this field [23] . The various nanostructures 

f ZnO have been used for many applications, so various conditions 

ave been employed for preparing ZnO nanostructure, but in com- 

arison with conventional techniques, the sonochemical method is 

ar more convenient, fast, simple, and easily controlled [24] . De- 

pite extensive surveys in the field of ZnO nanoparticles, limited 

eports are available on the sodium zincate nanoparticles. Sodium 

incate (Na 2 ZnO 2 ) nanostructure has been used as a nanofiller 

ith particle stabilizing PVA films by Subramani et al. [25] . An im- 

roved dip-coating approach, applying an ammonium zincate so- 

ution, has been used to achieve supported zinc oxide films. The 

repared ZnO film on glass or ceramic substrates has been used 

s photocatalyst [26] . The Italian chemist Pietro Biginelli proved 

ulticomponent reaction of ethyl acetoacetate, benzaldehyde, and 

rea under strongly acidic conditions is a particularly useful ap- 

roach for preparation of 3,4-dihydropyrimidin-2(1H)-ones (DH- 

Ms) [27] . DHPMs and their derivatives have evoked significant in- 

erest owing to a wide variety of their biological and pharmacolog- 

cal characteristics, such as antiviral, antitumor, antibacterial, and 

nti-inflammatory behavior [28–30] . Moreover, some of the marine 

lkaloids containing the dihydropyrimidinone in the center of their 

tructure with biological activities have been separated from ma- 

ine sources which can represent the natural properties of these 

ompounds [31] . A wide range of sulfonated acids [32–38] , Brön- 

ted acids [39–40] , Lewis acids [41,42] , nanocatalysts [43,44] and 

olymers [45] have been effectively applied for preparing Biginelli 

roducts. Due to our enthusiasm about synthesis of nanostructure 

n SMF as a polymer-supported nanocatalysts [46] , we have pre- 

ared SMF/Na 2 Zn(OH) 4 as a novel heterogeneous solid acid cata- 

yst and has been applied for preparation of 3,4 dihydropyrimidin- 

(1H)-ones. Also, we proved that the thin film of zinc oxide (ZnO) 

articles had been formed on sulfonated melamine–formaldehyde 

y chemical, deposition, and thermal treatment techniques on 

odium zincate. The prepared ZnO thin film acts as a photocata- 

yst for SMF. 

. Experimental 

.1. Materials and methods 

All chemicals and solvents were ordered from Merck, Fluka, and 

pplied without more purification. All melting points were taken 

n a Mettler 9100 melting point instrument. The measurements 

f Fourier transform infrared spectroscopy (FT-IR) were performed 

n a 4300 Shimadzu FT-IR spectrometer. Hydrogen nuclear mag- 

etic resonance ( 1 H NMR) and carbon-13 nuclear magnetic res- 

nance ( 13 C NMR) spectra were measured with a Bruker Avance 

00 MHz spectrometer in DMSO–d 6 solutions. Elemental analysis 

as done using Heraeus CHN Rapid analyzer. All products were 

dentified compounds, and their structures were proved by com- 

arison of the obtained physical and spectroscopic data with those 

f authentic samples. Powder X-ray diffraction (XRD) patterns of 

he as-prepared particles were performed by XRD (D8 ADVANCE, 

ruker, Nederland) at ambient room temperature. Scanning elec- 

ron microscope (SEM) images were taken with a MIRA III SEM, the 

zech Republic, at an accelerating voltage of 15 kV. Transmission 

lectron microscopy (TEM) images were gathered by a JEOL, JEM- 

100F transmission electron microscope at a 200 kV accelerating 

oltage. The Brunauer–Emmett–Teller (BET), specific surface areas, 

ere calculated by nitrogen adsorption-desorption at 77 °K with a 

elsorp mini II instrument. The Barret–Joyner–Halenda (BJH) tech- 

ique was utilized to measure the pore size distribution. Energy- 

ispersive X-ray (EDX) spectroscopy microanalysis (Bruker XFlash 
2 
130) was used in order to analyzing phase composition and el- 

mental distribution maps of the as-prepared particles. Thermal 

ravimetric analysis (TGA) of SMF/Na 2 Zn(OH) 4 was investigated us- 

ng TG thermoanalyser (TGA, Mettler system TA 40 0 0) under N 2 

nvironment at a heating rate of 10 °C min 

−1 . 

.2. Synthesis of sodium zincate [Na 2 Zn(OH) 4 ] particles 

Na 2 Zn(OH) 4 was synthesized, according to the procedures re- 

orted previously [47] . The reaction of ZnO (5.50 g, ~67.0 mmol) 

n a boiling solution of NaOH (20.0 g, ~500.0 mmol) in 20 mL H 2 O

s an efficient strategy for the preparation of Na 2 Zn(OH) 4 particles. 

fter the clear solution was cooled within a few hours, the color- 

ess plates of crystal structure appeared. After filtering, the residue 

as washed with cold water and dried using an oven at 50 °C. 

inally, the obtained product was ball milled for ~1 h at ambient 

emperature. 

.3. Synthesis of sulfonated melamine–formaldehyde (SMF) 

MF resin (10.0 g) was slowly added to 50.0 mL stirring CHCl 3 at 

 °C for 2 h. Then under mild stirring, chlorosulfonic acid (20.0 g, 

150.0 mmol) was gently added to the suspension at 0 °C. The re- 

ulting mixture was stirred for 24 h to remove HCl. Subsequently, 

he mixture was filtered, the white crystals were washed with 

etroleum ether (2 × 15.0 mL), and dried at 50 °C under vac- 

um conditions for several hours to gain sulfonated melamine–

ormaldehyde (5.25 g). 

.4. Synthesis of sulfonated melamine–formaldehyde supported 

tructured sodium zincate [(SMF/Na 2 Zn(OH) 4 )] spheres and 

ggregated particles 

The SMF/Na 2 Zn(OH) 4 spheres and aggregated particles were 

repared by a simple sonochemical technique using a sonochem- 

cal bath. The mentioned method for preparing desired products is 

s follows: The SMF (0.40 g) was suspended in water (10 mL) and 

ently refluxed for 12 h, then Na 2 Zn(OH) 4 (0.045 g, 0.250 mmol) 

as added. The reaction mixture was then stirred for ~1 h under 

mbient temperature, and microwave heating was performed with 

 power of 800 W for 5.0 min. The SMF/Na 2 Zn(OH) 4 spheres and 

ggregated particles were successfully synthesized in a sonicator at 

00 W (freq. 50 MHz), for 4, and ~8 h, respectively. The resulted 

roducts, SMF/Na 2 Zn(OH) 4 spheres and aggregated particles, were 

laced in a vacuum oven for ~2 h at 250 °C to get uniform drying.

.5. Catalytic performances of SMF/Na 2 Zn(OH) 4 spheres 

In a model reaction for the preparation of 3,4-dihydopyrimidin- 

(1H)-ones, a mixture of aromatic aldehyde (1.0 mmol), ethyl ace- 

oacetate (0.130 g, 1 mmol), urea (0.090 g, 1.5 mmol), and cata- 

yst [SMF/Na 2 Zn(OH) 4 ] spheres (0.10 g, 0.07 wt%) was stirred at 

0 °C under solvent-free conditions. The reaction progress was 

hecked by TLC using petroleum ether and ethyl acetate (5:2) as 

luent. After completing the reaction, the mixture was allowed to 

ool and was extracted with hot ethanol (5.0 mL). The purifica- 

ion of products was done by concentration and allowing standing 

vernight the filtrate. The resultant white crystals of the pure 3,4- 

ihydropyrimidin-2(1H)-ones were collected by filtration. Melting 

oint, IR, 1 H NMR, 13 C NMR, and elemental analysis proved the 

tructures of all products. 

.6. General procedure for recycling of SMF /N a 2 Zn (OH) 4 

The recyclability of SMF/Na 2 Zn(OH) 4 was studied in the model 

iginelli reaction leading to 3,4-dihydopyrimidin-2(1H)-ones. At 
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he end of the reaction, the heterogeneous catalyst was filtered via 

 glass filter, washed thoroughly with hot ethanol (2 × 15 ml) to 

liminate the organic pollutants and dried in a vacuum oven at 

0 °C for about 3 h. Moreover, the catalyst has been successfully 

eused without noticeable loss of activity for subsequent reactions. 

he results show that the catalyst, even after four cycles afforded 

 high yield of the desired product. 

The spectral data 

(5-Ethoxycarbonyl) −6-methyl-4-phenyl-3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 1): mp: 196–198 (lit.: 

02–204 °C) [39] .; IR (KBr): 3240, 3118, 2975, 1725, 1635,1460,1283 

m 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.20 (s, 1H, NH), 7.75 (s, 1H, NH),

.28–7.15 (m, 5H, ArH), 5.14 (s, 1H, CH), 3.90 (q, J = 7.0 Hz, 2H,

CH 2 CH 3 ), 2.20 (s, 3H, CH 3 ), 1.12 (t, J = 7.0 Hz, 3H, OCH 2 CH 3 ); 
13 C

MR (DMSO–d 6 ):) δ= 165.8, 153.4, 147.1, 143.2, 129.6, 125.8, 125.1, 

00.9, 60.4, 54.9, 17.9, 14.1; Anal. Calcd for C 14 H 16 N 2 O 3 : C, 64.60;

, 6.20; N, 10.76. Found: C,64.66; H, 6.27; N, 10.95. 

(5-Ethoxycarbonyl) −6-methyl-4-(2-chlorophenyl) −3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 2): mp: 218–220 

lit.: 222–224 °C) [39] .; IR (KBr): 3225, 3152, 2980, 1680, 1620, 

432, 1275 cm 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.22 (s, 1H, NH), 

.70 (s, 1H, NH), 7.35–7.24 (m, 4H, ArH), 5.54 (s, 1H, CH), 3.90 (q, 

 = 7.0 Hz, 2H, OCH 2 ), 2.30 (s, 3H, CH 3 ), 1.09 (t, J = 7.0 Hz, 3H,

CH 2 CH 3 ); 
13 C NMR (DMSO–d 6 ):) δ= 165.2, 151.8, 149.2, 141.1, 

30.7, 130.1, 127.1, 126.4, 100.3, 59.5, 51.4, 17.9, 14.1; Anal. Calcd 

or C 14 H 15 N 2 O 3 Cl: C, 57.03; H, 5.13; N 9.51 .Found: C, 56.90; H,

.04; N, 9.58. 

(5-Ethoxycarbonyl) −6-methyl-4-(3-nitrophenyl) −3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 3): mp: 228–230 

lit.: 229–231 °C) [39] .; IR (KBr): 3275, 3102, 2965, 1680, 1618, 

535,1450, 1270 cm 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.30 (s, 1H, NH), 

.85 (s, 1H, NH), 8.15–7.57 (m, 4H, ArH), 5.35 (s, 1H, CH), 3.94 (q, 

 = 7.0 Hz, 2H, OCH 2 CH 3 ), 2.24 (s, 3H, CH 3 ), 1.10 (t, J = 7.0 Hz,

H, OCH 2 CH 3 ); 
13 C NMR (DMSO–d 6 ):) δ= 165.1, 151.9, 148.1, 147.1, 

47.5, 133.3, 130.1, 122.7, 121.1, 99.3, 59.6, 52.9, 17.8, 14.2; Anal. 

alcd for C 14 H 15 N 3 O 5 : C, 55.06; H, 4.96; N, 13.77. Found: C, 54.60;

, 4.85; N, 13.72. 

(5-Ethoxycarbonyl) −6-methyl-4-(3-hydroxyphenyl) −3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 4): mp: 159–161 

lit.: 163–165 °C) [39] .; IR (KBr): 3515, 334O, 3175, 2980, 1725, 

675, 1633, 1420, 1275 cm 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.35 (s, 

H, OH), 9.10 (s, 1H, NH), 7.75 (s, 1H, NH), 7.15–6.55 (m, 4H, ArH), 

.15 (s, 1H, CH), 3.97 (q, J = 7.0 Hz, 2H, OCH 2 CH 3 ), 2.20 (s, 3H,

H 3 ), 1.15 (t, J = 7.0 Hz, 3H, OCH 2 CH 3 ); 
13 C NMR (DMSO–d 6 ):)

= 165.2, 156.8, 152.6, 148.4, 147.1, 130.2, 116.2, 114.4, 113.3, 101.1, 

9.6, 52.8, 17.6, 14.2; Anal. Calcd for C 14 H 16 N 2 O 4 : C, 60.08; H,

.84; N, 10.14. Found: C, 59.35; H, 5.40; N, 10.88. 

(5-Ethoxycarbonyl) −6-methyl-4-(4-methoxyphenyl) −3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 5): mp: 206–208 

lit.: 199–201 °C) [40] .; IR (KBr): 3240, 1770, 1680, 1625, 1512, 

236 cm 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.15 (s, 1H, NH), 7.70 (s, 1H,

H), 7.25 (d, J = 8.0 Hz, 2H, ArH), 6.90 (d, J = 8.0 Hz, 2H, ArH),

.15 (s, 1H, CH), 4.07 (q, J = 7.0 Hz, 2H, OCH 2 CH 3 ), 3.75 (s, 3H,

CH 3 ), 2.32 (s, 3H, CH 3 ), 1.18 (t, J = 7.0 Hz, 3H, OCH 2 CH 3 ); 
13 C

MR (DMSO–d 6 ):) δ= 165.9, 159.4, 153.7, 146.4, 136.2, 128.2, 114.2, 

01.8, 59.2, 55.4, 55.2, 18.5, 14.5; Anal. Calcd for C 15 H 18 N 2 O 4 : C,

2.07; H, 6.20; N, 9.66. Found: C, 62.55; H, 6.28; N 9.58. 

(5-Ethoxycarbonyl) −6-methyl-4-(4-methylphenyl) −3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 6): mp: 210–212 

lit.: 215–216 °C) [39] .; IR (KBr): 3255, 3115, 2970, 1724, 1653, 

610, 1544, 1240 cm 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.20 (brs, 1H, 

H), 7.75 (brs, 1H, NH), 7.20 (S, 4H, ArH), 5.25 (s, 1H, CH), 4.07 (q,

 = 7.0 Hz, 2H, OCH 2 CH 3 ), 2.25 (s, 3H, CH 3 ), 2.18 (s, 3H, ArCH 3 ),

.12 (t, J = 7.0 Hz, 3H, OCH 2 CH 3 ); 
13 C NMR (DMSO–d 6 ):) δ= 165.9,

53.4, 148.7, 141.5, 136.2, 128.2, 125.5, 101.8, 59.2, 53.4, 20. 8, 
o

3 
8.2, 14.3; Anal. Calcd for C 15 H 18 N 2 O 3 : C, 65.66; H, 6.62; N, 10.22.

ound: C, 65.35; H, 6.75; N, 10.15. 

(5-Ethoxycarbonyl) −6-methyl-4-(4-chlorophenyl) −3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 7): mp: 210–212 

lit.: 212–214 °C) [40] .; IR (KBr): 3240, 3120, 1710, 1655, 1635, 

556, 1268 cm 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.15 (s, 1H, NH), 

.30–7.21 (m, 4H, ArH), 6.30 (s, 1H, NH), 5.50 (s, 1H, CH), 3.90 (q, 

 = 7.0 Hz, 2H, OCH 2 CH 3 ), 2.52 (s, 3H, CH 3 ), 1.15 (t, J = 7.0 Hz, 3H,

CH 2 CH 3 ); 
13 C NMR (DMSO–d 6 ):) δ= 165.2, 152.6, 148.1, 142.9, 

31.6, 129.8, 129.1, 128.2, 127.4, 98.3, 58.8, 52.6, 17.7, 13. 4; Anal. 

alcd for C 14 H 15 N 2 O 3 Cl: C, 57.14; H, 5.10; N, 9.52. Found: C, 56.78;

, 4.90; N, 9.64. 

(5-Ethoxycarbonyl) −6-methyl-4-(4-styryl) −3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 8): mp: 218–220 

lit.: 232–235 °C) [40] .; IR (KBr): 3248, 3118, 1715, 1650, 1615, 

560, 1265 cm 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.13 (s, 1H, NH), 

.45 (s, 1H, NH), 7.35–7.20 (m, 5H, ArH), 6.35 (d, J = 12.0 Hz, 

H, = CH), 6.20 (dd, J = 12.0, 1H, = CH), 4.70 (S, 1H, CH), 4.15 (q,

 = 7.0 Hz, 2H, OCH 2 CH 3 ), 2.20 (s, 3H, CH 3 ), 1.15 (t, J = 7.0 Hz,

H, OCH 2 CH 3 ); 
13 C NMR (DMSO- 6 ):) δ= 165.3, 152.7, 148.2, 136.8, 

31.1, 128.8, 128.1, 127.5, 126.7, 98.5, 59.1, 51.6, 17.6, 14.3;. Anal. 

alcd for C 16 H 18 N 2 O 3 : C, 67.12; H, 6.34; N, 9.78. Found: C, 67.30;

, 6.38; N, 9.70. 

(5-Ethoxycarbonyl) −6-methyl-4-(2-furfuryl) −3,4- 

ihydropyrimidin-2(1H)-one ( Table 3 , entry 9): mp: 204–206 

lit.: 209–211 °C) [39] .; IR (KBr): 3325, 3215, 3110, 1690, 1645, 

545, 1248 cm 

−1 ; 1 H NMR (DMSO–d 6 ): δ = 9.20 (s, 1H, NH), 7.65

s, 1H, NH), 7.55 (s, 1H, ArH), 6.45 (s, 1H, ArH), 6.10 (s, 1H, arom

H), 5.25 (s, 1H, CH), 4.10 (q, J = 7.0 Hz, 2H, OCH 2 CH 3 ), 2.25 (s,

H, CH 3 ), 1.18 (t, J = 7.0 Hz, 3H, OCH 2 CH 3 ); 
13 C NMR (DMSO–d 6 ):)

= 165.1, 155.8, 152.1, 149.5, 142.3, 111.56, 105.4, 97.1, 59.3, 48.5, 

8.7, 14.5; Anal. Calcd for C 12 H 14 N 2 O 4 : C, 57.57; H, 5.64; N 11.20 

. Results and discussion 

To get insight into the nature of the catalytic activity of the het- 

rogeneous solid acid, we produce SMF/Na 2 Zn(OH) 4 structures as 

ffective solid acid catalysts. In the first step of catalysts prepara- 

ion, SMF is formed by adding chlorosulfonic acid to melamine- 

ormaldehyde in dry CH 2 Cl 2 at 0 °C ( Scheme 1 ). 

By modification of SMF with Na 2 Zn(OH) 4 particles under 

ltrasonic irradiation, SMF/Na 2 Zn(OH) 4 were prepared. Initially, 

a 2 Zn(OH) 4 nuclei generally evolve into spheres, and then they 

an be converted into aggregated particles ( Scheme 2 ). The crys- 

al growth in a specific direction has been controlled by chang- 

ng the duration of ultrasonic irradiation. The conversion of spher- 

cal morphology into aggregated particles is because of the ad- 

orption of ultrasound energy by the ionic species generated from 

ater molecules. The growing processes of Na 2 Zn(OH) 4 particles 

re controlled both by the diffusion of Zn 

2 + ions and the rate- 

ontrolling reactions which take place at the surface of polymer 

48] . Additionally, charged polymeric materials have various ef- 

ects on crystallization of Na 2 Zn(OH) 4 in solution. The aggregation 

f suspended amorphous clusters leads to formation of homoge- 

eous nucleation which cause minimizing the total surface energy 

f Na 2 Zn(OH) 4 . Heterogeneous nucleation of Na 2 Zn(OH) 4 causes 

he amorphous clusters to aggregate into the spherical morphol- 

gy. Aggregated particles morphology could be achieved by irre- 

ersible and oriented attachment of particles by lateral atom-by- 

tom arrangement at the interface of Na 2 Zn(OH) 4 particles [49] . 

.1. Catalyst characterization 

The titration method was used to measure the protic protons 

f the organized SMF. The titration and its first derivative curves 



N. Zarnaghash, R. Rezaei, P. Hayati et al. Journal of Molecular Structure 1232 (2021) 130028 

Scheme 1. Preparation of sulfonated melamine–formaldehyde (SMF). 

Scheme 2. Preparation of sulfonated melamine–formaldehyde supported Na 2 Zn(OH) 4 particles [SMF/Na 2 Zn(OH) 4 ]. 

4 
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Fig. 1. Titration and its first derivative curve of the SMF with NaOH. 

Fig. 2. Titration and first derivative curves of (a) Na 2 Zn(OH) 4 with HCl and (b) 

Na 2 Zn(HSO 4 ) 4 with NaOH. 
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Fig. 3. FT-IR spectra of (a) Na 2 Zn(OH) 4, (b) MF (c) SMF, (d) SMF/Na 2 Zn(OH) 4 
spheres and (e) SMF/Na 2 Zn(OH) 4 aggregated particles. 

Fig. 4. Powder XRD patterns of (a) MF, (b) SMF, (c) SMF/Na 2 Zn(OH) 4 aggregated 

particles and (d) SMF/ Na 2 Zn(OH) 4 spheres. 
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s

s

f 0.1 g of SMF in 10 mL water with 0.01 M NaOH show that the

urface densities are around 1.3 mmol H 

+ /g ( Fig. 1 ). 

The titration method was used to determine the structure 

f sodium zincate two proposed modes of Na 2 Zn(OH) 4 [47] and 

a 2 ZnO 2 •2H 2 O [25] . For this purpose, after preparation and soni- 

ation of sodium zincate, this compound was reacted with chloro- 

ulfonic acid to obtain the sulfonated sodium zincate. The as- 

repared compound was exposed to ultrasonic irradiation at 

00 W (freq. 50 MHz), for 8 h. If sodium zincate has Na 2 Zn(OH) 4 
tructure, the following reaction occurs as a result of the sulfona- 

ion: 

aZn(OH) 4 + 4CLSO 3 H → Na 2 Zn(HSO 4 ) + 4 HCL 

In order to determine the basicity character of Na 2 Zn(OH) 4 , the 

itration and its first derivative curve were drawn up ( Fig. 2 a). Fur-

hermore, the titration and its first derivative curve corresponding 

o Na 2 Zn(HSO 4 ) 4 indicates its acidity character ( Fig. 2 b). Thus, it

an be concluded that in this case sodium zincate has Na 2 Zn(OH) 4 
tructure. Na 2 Zn(HSO 4 ) 4 in 10 mL of water were done with 0.01 M

Cl and NaOH, respectively. 

The FT-IR spectra of Na 2 Zn(OH) 4 , MF, SMF, SMF/Na 2 Zn(OH) 4 
pheres and SMF/Na 2 Zn(OH) 4 aggregated particles are displayed 

n Fig. 3 respectively. The FT-IR spectrum of pure MF indicates 

he broad absorption band at 3411 cm 

−1 , which is related to the 

tretching vibration of N–H and O–H ( Fig. 3 b) of MF [50] . Ac-
5 
ording to the spectra of SMF ( Fig. 3 c), SMF/Na 2 Zn(OH) 4 spheres 

 Fig. 3 d) and SMF/Na 2 Zn(OH) 4 aggregated particles ( Fig. 3 e), the

 = S = O asymmetric and symmetric stretching vibration bands of 

he sulfonic acid groups (–SO 3 H) are appeared at 1342, 1165 cm 

−1 , 

335, 1148 cm 

−1 and 1334, 1148 cm 

−1 , respectively [51] . A weak 

bsorption band at ~ 486 cm 

−1 is referred to Zn–O vibration mode 

f Na 2 Zn(OH) 4 sample ( Fig. 3 a) [52] . Furthermore, in the spectra

f SMF/Na 2 Zn(OH) 4 spheres ( Fig. 3 d) and SMF/Na 2 Zn(OH) 4 aggre- 

ated particles ( Fig. 3 e), the characteristic stretching vibration of 

n–O bond of Na 2 Zn(OH) 4 have appeared at 612 and 604 cm 

−1 re- 

pectively. 

The X-ray diffraction (XRD) measurements of the as-prepared 

amples is indicated in Fig. 4 . Two broad diffraction peaks of the 
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Fig. 5. XRD spectrum of SMF/ZnO from thermal treatment of SMF/Na 2 Zn(OH) 4 
structures. 
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t

F in 2 θ range of 5–15 ° and 15–25 ° (002 diffractions) shows the 

morphous structure for this compound ( Fig. 4 a). Two equivalent 

iffraction peaks with equal size are the characteristic peak of MF. 

fter sulfonation the intensity of the 2nd peak of the SMF has been 

educed ( Fig. 4 b). Due to the lack of characteristic peaks in the

MF/Na 2 Zn(OH) 4 structures, the composition of these compounds 

annot be estimated by XRD patterns ( Fig. 4 c-d). Furthermore, the 

RD pattern has been used to investigate the structural behavior 

f sodium zincate on sulfonated melamine formaldehyde. It can 

e seen that after heating several strong reflections appear, which 

ives a perspective view of the crystal orientations. After heating 

f SMF/Na 2 Zn(OH) 4 at 600 °C for 3 h, its XRD pattern ( Fig. 5 ) ex-

ibited the peaks at 2 θ = 31.75, 34.45, 36.25, 47.55, 56.60 and 

2.85 that could be assigned to (10 0), (0 02), (0 01), (102), (110) and

103) planes of ZnO, respectively. Due to the matching achieved 

ata with previously reported structure of ZnO (JCPDS file No. 80–

074), it seems caused by the ZnO film is deposited by the dip- 

oating method using zincate [24] . 

The size, structure/morphology of as-synthesized Na 2 Zn(OH) 4 
ere evaluated by the SEM images. As shown in the SEM images, 

he irregular spherical Na 2 Zn(OH) 4 particles are aggregated on the 

rinkled structures of Na 2 Zn(OH) 4 ( Fig. 6 ). 

The interaction of polymers with the metal ions through com- 

lexation or ion-pair formation may improve the optical, electronic 

nd physical properties of pure ZnO particles. In addition, because 

f the high polarity of water, ZnO is almost insoluble and its ag- 

lomeration happens immediately in water during the synthesis. 

herefore, using of polymers as capping agents, is a way to over- 

ome these problems. The role of the polymers as a structure di- 

ecting agent was approved by a comparative study of ZnO parti- 

les synthesis with/without using polymers. Furthermore, changes 

n morphology, crystal orientation and dimensions of the particles 
ig. 6. SEM images of the prepared Na 2 Zn(OH) 4 particles via hydrolysis and complexatio

he reader is referred to the web version of this article.) 

6 
ere related to various nature of polymers as the capping agents. 

he pH of the reaction medium is a significant factor affecting the 

orphology of particles and the action of capping agents. The dis- 

ribution of Zn(II) species is slightly affected by pH variations in 

uch a way that Zn(OH) 2 at pH 6–9 the dominant species. By in- 

reasing the pH around 9–13 the dominant species appear to be 

n(OH) 4 
− 2 . The SMF as an amphoteric polymer with sufficient 

ree NH and SO 3 H groups on its surface, has the ability to adsorb 

nto the substrate through hydrogen-bond interactions and make 

 physical barrier to the preferred growth crystal planes. In the 

rst step the interaction of SMF with Zn(OH) 4 
− 2 ions result into 

he formation of micro-spherical capsules. Therefore, Zn(OH) 4 
− 2 

pecies spread towards the surface of the polymer with the assis- 

ance water molecules which are present in the reaction medium, 

ead to formation of spherical micelles. Finally, the growth of the 

rystals in all directions results into the formation of assembled 

ggregated particles ( Fig. 7 ) [49] . 

The SEM images investigated the morphological changes of 

a 2 Zn(OH) 4 spheres and aggregated particles on the SMF surface. 

t is assumed that the particles have homogeneous mean sizes af- 

er the modification. Furthermore, the shape, size, and morphology 

f the produced SMF/Na 2 Zn(OH) 4 characterized by TEM analysis. 

EM imaging proves that the structures gained through ultrasonic 

rradiation within four hours have considerably various morpholo- 

ies from those obtained within eight hours ( Fig. 8 ). 

The surface area, pore volume, and pore size distributions of the 

MF/Na 2 Zn(OH) 4 particles were analyzed by using the BET and BJH 

quations ( Table 1 ). The BET surface area measurements indicated 

hat, compared to the SMF/Na 2 Zn(OH) 4 spheres, the surface area 

f the SMF/Na 2 Zn(OH) 4 aggregated particles were significantly de- 

reased from 6 m 

2 g − 1 to 2 m 

2 g − 1 which was attributed to the 

ggregation effects on the surfaces of the SMF/Na 2 Zn(OH) 4 and the 

andom displacement of Na 2 Zn(OH) 4 aggregated particles layers. 

The N 2 adsorption-desorption isotherms and pore size distri- 

utions (PSDs) for both SMF/Na 2 Zn(OH) 4 spheres and aggregated 

articles were shown in Fig. 9 . Based on IUPAC classification, both 

sotherm plots were classified as type III [53] , which belonged to 

he H3 type [54] . The hysteresis loops of SMF/Na 2 Zn(OH) 4 spheres 

hich are occurred in the range of 0.30 < P /P 0 < 0.97, as well as

he corresponding pore distribution in the range of 5–10 nm, was 

he characteristic of mesoporous materials. The SMF/Na 2 Zn(OH) 4 
ggregated particles demonstrate a type III isotherm with H3 hys- 

eresis loop in the range of 0.30–0.97 P/P 0 . Furthermore, as shown 

n Fig. 9 the pore size distribution is shifted to below 8 nm. This 

henomenon suggested that accumulation of slit pores in the ob- 

ained aggregated particles composite has been resulted in reduc- 

ion of surface area, pore volume and pore diameter. According to 

he BET specific surface area analysis of SMF/Na Zn(OH) aggre- 
n of Zn + 2 ions. (For interpretation of the references to colour in this figure legend, 
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Fig. 7. SEM images of the aggregated particles structure of the obtained of composite material SMF/Na 2 Zn(OH) 4 . 

Table 1 

Surface data of SMF/Na 2 Zn(OH) 4 spheres and aggregated particles. 

Sample BET surface area (m 

2 g −1 ) Pore volume(cm 

3 g −1 ) Pore diameter (nm) 

SMF/Na 2 Zn(OH) 4 spheres 6 0.021 13.01 

SMF/Na 2 Zn(OH) 4 aggregated particles 2 0.007 11.65 
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ated particles, the observed aggregation can be referred to sul- 

onic acid groups in SMF which are successfully grafted onto the 

a 2 Zn(OH) 4 particles. 

The EDX of SMF/Na 2 Zn(OH) 4 structures demonstrate element 

omposition analysis and all of the C, N, O, S, Zn and Na elements

xist in the samples ( Fig. 10 ). Moreover, the Zn content in the

MF/Na 2 Zn(OH) 4 shows its amount in the SMF/Na 2 Zn(OH) 4 (0.68 

t%). 

The EDX elemental mapping shows the uniform dispersion of 

he carbon, nitrogen, oxygen, zinc, and sodium elements ( Fig. 11 ). 

Thermogravimetric analysis (TGA) was carried out to eval- 

ate the thermal stability of both SMF/Na 2 Zn(OH) 4 spheres 

nd aggregated particles. According to the TGA curve of the 

MF/Na 2 Zn(OH) 4 aggregated particles, it can be seen that it is 

hifted to higher temperatures compared to the TGA curve of the 

MF/Na 2 Zn(OH) 4 spheres with thermal stability up to 200 °C. For 

oth SMF/Na 2 Zn(OH) 4 structures, the first weight loss in the range 

f at 180–350 °C is related to the removal of formaldehyde. This 

limination can be attributed to the loss of ether bonds and the 

ormation of methylene bridges. 

Thermal degradation of the triazine-ring begins beyond 390 °C. 

he second distinct weight loss region is attributed to the deami- 

ation reaction, which leads to the formation of HCN [55] . These 

easurements illustrate that the aggregation effects on the sur- 

aces of the SMF/Na 2 Zn(OH) 4 aggregated particles and grafting the 

ulfonic acid groups in SMF onto the Na 2 Zn(OH) 4 particles make 

igher thermal stability ( Fig. 12 ). 

These experimental observations showed that sodium zin- 

ate particles were immobilized on the surface of SMF and 

MF/Na 2 Zn(OH) 4 structures have been successfully synthesized. 

.2. The catalytic performance of SMF/Na2Zn(OH)4 structures for the 

reparation of 3,4-dihydropyrimidin-2(1H)-ones 

After characterization of the catalysts based on the experimen- 

al observations, it turned out that the structure of the aggregated 

articles is not influencing the catalytic activity and not compet- 

ng with the activity of spherical particles. However, the catalytic 

erformance of SMF/Na 2 Zn(OH) 4 spheres was examined in the Big- 

nelli reaction for the synthesis of dihydropyrimidinone derivatives 

 Scheme 3 ). The effect of the catalyst amount and solvents in the 
7 
eaction between benzaldehyde, ethyl acetoacetate, and urea with 

 building block ratio of 1:1:1.5, respectively, were investigated. 

In the first stage, the reaction conditions were investigated and 

ptimized by changing the amount of catalyst. The trace product 

btained in the absence of catalyst was evident for the catalytic 

ctivity of SMF/Na 2 Zn(OH) 4 spheres structure ( Table 2 , entry 1). It 

hould be mentioned that the optimum amount of catalyst was 

 wt% and the best results were obtained at 30 min, by chang- 

ng the amount of the catalyst (3, 5, and 7 wt%) ( Table 2 , entries

–4). Then the solvent effect was examined in the various sol- 

ents such as n-propanol, H 2 O, DMF, and toluene (15 mL). Forma- 

ion of by-products and reduction of reaction rate was observed 

n the presence of solvents ( Table 2 , entries 5–8). Various polar 

nd nonpolar solvents evaluation for the catalytic activity of the 

atalyst indicated, the n-propanol was the most favor solvent be- 

ause of its considerable efficiency and the environmental benefits. 

n n-propanol and H 2 O the catalyst was not dispersed in the re- 

ction medium, but it was found that n-propanol was the better 

olvent due to achieve the highest solubility of the reactants. The 

ower yield of product and higher reaction time in nonpolar sol- 

ents may be due to the poor solubility of the reactants. The effect 

f increasing temperature from 20 to 80 °C has been examined. 

he results show that the yield of reaction increased by increasing 

emperature, but there was no significant progress of the reaction 

bove 80 °C. Therefore, in this study, solvent-free conditions with 

 wt% of catalyst at 80 °C were systematically optimized as reac- 

ion conditions. All the following experiments were performed un- 

er the optimized conditions. The superhydrophilicity of the sup- 

ort is helpful to increase the miscibility of the catalyst with the 

eactants. The results show that the hydrophilic surface of the cat- 

lyst is favorable for the adsorption of polar reactants (benzalde- 

yde, ethyl acetoacetate and urea) and desorption of the non-polar 

roduct (dihydropyrimidinone). This feature would change the re- 

ction balance, leading to a significant enhancement of the cat- 

lytic performance. In addition, due to the water formation as a 

y-product in the Biginelli reaction, we postulated that the water 

s momentarily adsorbed, giving a swollen surface so it can dis- 

olve the polar reactants. The reaction proceeds by stirring in the 

resence of the catalyst at 80 °C in solvent free condition [ 22 , 56 ]. 

In the next step, to explore the generality of the Biginelli reac- 

ion, different types of substituted aromatic aldehydes with ethyl 

cetate and urea have been investigated under the optimized con- 
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Fig. 8. SEM, TEM and particle size distribution images (obtained from image analysis of SEM and TEM, respectively) of the obtained of samples under ultrasound irradiation 

for ~4 h (a, c, e, g) and ~8 h (b, d, f, h). 

8 
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Fig. 9. Nitrogen adsorption–desorption isotherms and pore size distribution curves of SMF/Na 2 Zn(OH) 4 spheres and aggregated particles. 

Fig. 10. EDX of SMF/Na 2 Zn(OH) 4 spheres and aggregated particles. 

Table 2 

Optimization of conditions for preparing of 5-ethoxycarbonyl-4-phenyl-6-methyl-3,4- 

dihydropyridin-2 (1H)-one catalyzed by SMF/Na 2 Zn(OH) 4 spheres a . 

Entry Amount of catalyst (wt%) Condition/solvent Time (min) Yield (%) b 

1 – 80 °C/solvent-free 180 10 

2 3 80 °C/solvent-free 60 60 

3 5 80 °C/solvent-free 30 60 

4 7 80 °C/solvent-free 30 85 

5 7 80 °C/ n-propanol 120 60 

6 7 80 °C/water 60 70 

7 7 80 °C/DMF 240 55 

8 7 80 °C/toluene 240 40 

a Reactions carried out at 1 mmol scales with the molar ratio of benzaldehyde: ethy- 

lacetoacetate: urea: 1:1:1.5. 
b isolated yield. 

9 
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Fig. 11. Elemental mapping analysis of SMF/Na 2 Zn(OH) 4 spheres and aggregated 

particles regions. 
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S
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n

Fig. 12. TGA spectra of (a) SMF/Na 2 Zn(OH) 4 spheres and (b) SMF/Na 2 Zn(OH) 4 ag- 

gregated particles. 

Table 3 

Synthesis of 3,4-dihydropyrimidinones catalyzed by 

SMF/Na 2 Zn(OH) 4 spheres under solvent-free condition a . 

Entry R Time (min) Yield (%) b 

1 C 6 H 5 30 85 

2 2-Cl-C 6 H 4 30 80 

3 3-NO 2 –C 6 H 4 35 80 

4 3-OH 

–C 6 H 4 35 80 

5 4-CH 3 O 

–C 6 H 4 20 95 

6 4-CH 3 –C 6 H 4 30 85 

7 4-(Cl)-C 6 H 4 30 80 

8 pH 

–CH 

= CH 2 35 75 

9 2-Furyl 60 73 

10 CH(CH 3 ) 2 60 –

a Reaction condition: aldehydes (1 mmol), ethylace- 

toacetate (1 mmol), urea (1.5 mmol), SMF/Na 2 Zn(OH) 4 
spheres (7 wt%). 

b Isolated yield. 

t

t

p

s

t

c

S

s

e

S

b

itions ( Scheme 3 ). The results indicate that the aldehydes with 

ensitive functional groups such as Cl, NO 2 , OCH 3 , and CH 

= CH 2 

uccessfully participated in reactions ( Table 3 , entries 2, 3, 5, 7 

nd 8). In the case of furfural as a heterocyclic aromatic aldehyde, 

MF/Na 2 Zn(OH) 4 structures played a significant catalytic role with- 

ut making of any side products ( Table 3 , entry 9). It should be

oted that the low boiling points of aliphatic aldehydes may lead 
10 
o incomplete reactions under solvent-free conditions ( Table 3 , en- 

ry 10). 

The better catalytic ability of SMF/Na 2 Zn(OH) 4 spheres in com- 

are with Na 2 Zn(OH) 4 aggregated particles is due to the grafted 

ulfonic acid groups on the aggregated particles, which cause 

he reduction of the catalyst activity [49] . The catalytic effi- 

iency of SMF and Na 2 Zn(OH) 4 particles in comparison with 

MF/Na 2 Zn(OH) 4 spheres, have been investigated separately in the 

ame condition. Comparative data are given in Table 4 . The results 

xhibited yields of 85, 70 and 35% for SMF/Na 2 Zn(OH) 4 spheres, 

MF and Na 2 Zn(OH) 4 particles, respectively. Moreover, the recycla- 

ility and stability of the unsupported Na Zn(OH) particles was 
2 4 
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Scheme 3. Synthesis of 3,4-dihydropyrimidinones catalyzed by SMF/Na 2 Zn(OH) 4 spheres under optimized conditions. 

Scheme 4. The mechanism of 3,4-dihydropyrimidinones synthesis catalyzed by SMF/Na 2 Zn(OH) 4 structures. 
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nvestigated by the model reaction under optimized condition. The 

bservations illustrated a constant decrease in the isolated yield 

f the reaction in each run. The obtained results might be due to 

he aggregation of the unsupported Na 2 Zn(OH) 4 sphere particles 

uring the reaction [57] . Unlike a vast number of polymer based 

atalyst like PSSA and PVSA, SMF as an amphoteric polymer has a 

uperhydrophilic and acidic-basic balance with a moderate density 

f –SO 3 H as acidic sites and nitrogen species as Lewis base sites. 

n this system, SMF acts as the support to increase the miscibility 

f the composite toward polar reactants [ 22 , 56 and 58 ]. 

According to the reaction mechanism reported by Kappe [59] , 

he initial step includes the formation of the β-dicarbonyl com- 

ound from the Knoevenagel condensation of the activated alde- 

yde by SMF/Na 2 Zn(OH) 4 spheres with enol type of ethyl acetoac- 

tate. In the second step, the interception of the iminium ion by 

thyl acetoacetate generates an open-chain ureide that leads to the 
11 
roduction of intermediate. Furthermore, this step is the important 

ate-limiting step. Finally, cyclization and dehydration produce the 

,4-dihy-dropyrimidin-2(1H)-one ( Scheme 4 ). 

Hot filtration studies were performed with the SMF/Na 2 Zn(OH) 4 
pheres to test true heterogeneity of the reaction. After 30 min of 

eaction, the SMF/Na 2 Zn(OH) 4 spheres were recovered from the re- 

ction system by simple filtration and the reaction was continued 

ith the filtrate in the absence of any solid catalyst. As expected, 

he results showed that the reaction did not progress in the ab- 

ence of the catalyst which confirms that the reaction occurs het- 

rogeneously ( Fig. 13 ). 

Since the recovery and reusability is one of the most significant 

enefits of heterogeneous catalysts, after separation of the catalyst 

y centrifuging, catalyst was washed with hot ethanol and dried in 

 vacuum oven at 90 °C temperature for 2 h. Although the activ- 

ty of the recovered catalyst was lost in the 2nd run itself, and 3t 
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Fig. 13. Hot filtration test for the SMF/Na 2 Zn(OH) 4 spheres catalyzed Biginelli reaction for preparing of 5-ethoxycarbonyl-4-phenyl-6-methyl-3,4-dihydropyridin-2 (1H)-one 

in n-propanol at 80 °C. 

Fig. 14. Reusability of the SMF/Na 2 Zn(OH) 4 spheres in the Biginelli reaction. 

Table 4 

Comparison of synthesis of 5-ethoxycarbonyl-4- 

phenyl-6-methyl-3,4-dihydropyridin-2 (1H)-one with 

SMF/Na 2 Zn(OH) 4 spheres, SMF and Na 2 Zn(OH) 4 particles a . 

Entry Catalyst (7 wt%) Time (min) Yield (%) b 

1 SMF/ Na 2 Zn(OH) 4 30 85 

2 SMF 30 70 

3 Na 2 Zn(OH) 4 30 35 

a Reaction condition: aldehydes (1 mmol), ethyl acetoac- 

etate (1 mmol), urea (1.5 mmol) and SMF/Na 2 Zn(OH) 4 
spheres (7 wt%). 

b Isolated yield. 
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Table 5 

Comparative study of the results of the SMF/ZnO sphe

Biginelli reaction. 

Entry Catalyst Condition 

1 Ce(C 12 H 25 SO 3 ) 3 EtOH/80 °C 
2 Bentonite/PS-SO 3 H Solvent-free/1

3 PS-PEG-SO 3 H Dioxane/80 °C
4 Carbon-SO 3 H CH 3 CN/80 °C 
5 Fe 3 O 4 /PAA-SO 3 H Solvent-free/rt

6 nano- γ -Fe 2 O 3 -SO 3 H Solvent-free/6

7 β-CD-SO 3 H Solvent-free/1

8 SMF/Na 2 Zn(OH) 4 ; spheres Solvent-free/8

12 
 4th run consuming two fold time, but acceptable results were 

btained for the recovered catalyst ( Fig. 14 ). 

To show the efficiency of this catalyst, the results of 

MF/Na 2 Zn(OH) 4 spheres structure with reported sulfonated cat- 

lysts were compared in the preparation of 5-ethoxycarbonyl-4- 

henyl-6-methyl-3,4-dihydropyridin-2 (1H)-One through the Big- 

nelli reaction. Comparison of the catalytic activity of the 

MF/Na 2 Zn(OH) 4 spheres with other catalysts showed that yields 

f SMF/Na 2 Zn(OH) 4 spheres was comparable with other com- 

ounds however required lower reaction times ( Table 5 ). 
res with several reported sulfonated catalysts in 

Time (min) Yield (%) Reference 

240 93 32 

20 °C 30 89 33 

 600 86 34 

240 89 35 

. 120 90 36 

0 °C 180 95 37 

00 °C 120 89 38 

0 °C 30 85 This work 
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. Conclusions 

In this study, we have presented an efficient sonochemical 

ethod that can control the shape of Na 2 Zn(OH) 4 structures. Crys- 

alline Na 2 Zn(OH) 4 spheres and aggregated particles were selec- 

ively synthesized under ambient conditions. Based on our ob- 

ervations, using the sulfonated melamine-formaldehyde as sup- 

ort not only stabilizes the structures of Na 2 Zn(OH) 4 under ul- 

rasonic wave radiation but also makes conversion of spheres to 

ggregated particles morphology possible. Also, it is possible to 

onvert Na 2 Zn(OH) 4 structures on SMF to ZnO by thermal treat- 

ent step with a high photocatalytic ability that has some po- 

ential and important applications in panel industry, biotechnol- 

gy, and so on. If the SMF/Na 2 Zn(OH) 4 sphere particles are used 

n the multicomponent Biginelli reaction, it shows to be exactly ef- 

ective and gives dihydropyrimidinone products in modest to good 

ields under optimal reaction conditions. Moreover, the application 

f SMF/Na 2 Zn(OH) 4 spheres with strongly -SO 3 H groups can be ex- 

ended to other organic reactions. 
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