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Abstract 

The developments of monolithic materials rapidly in nowadays hold an impressively strong position in separation science as 

well as in other areas of chemistry. In this research are presented functionalization of PolyHIPE monolithic materials by 

tris(2-aminoethyl) amine. Monolithic polymer supports and scavengers were synthesized via nucleophilic displacement of 

chlorine in poly(4-vinyl benzyl chloride-co-divinylbenzene) as PolyHIPE materials. Porous copolymers of DVB/DVB were 

prepared by emulsion templating using high internal phase emulsions (HIPEs) as precursors for monoliths. The properties of 

the final products synthesized were functionalized with an amino group, at a different ratio of amine/chloromethyl groups, in 

different time refluxed were explored. PolyHIPE functionalized with tris(2-aminoethyl)amine to yield a product with high 

degrees of conversion. The extent of the functionalization reactions was investigated by a range of qualitative and quantitative 

techniques: FTIR, CHN analysis, potentiometric measurements, and (BET) measurements have been performed. 
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1. Introduction 

     New technologies have been developed that 

made it achievable to generate new compounds in a 

practically unlimited number. The use of polymer 

support in synthetic organic chemistry is much 

more, where the simultaneous service of 

combinatorial chemistry and synthesis in parallel 

enables. The convenience from polymeric aid is 

possible to conduct experiments from the computer 

software. 

    Scavenging methods may be useful in 

conventional organic synthesis in situations where a 

starting material has similar physical properties to 

the acquired product and is difficult to remove by 

traditional methods such as extraction, distillation, 

crystallization, and chromatography while avoiding 

time-consuming [1, 2], Scheme 1.  

For example, if a substrate B is reacted with an 

excess of the A then the product AB will be 

comprising of the residual excess of the A removal 

of this excess reagent in the lead reaction 

completion can be achieved through employing an 

appropriate scavenger resin. Therefore, the 

scavenger resin is added and reacts by the excess of 

A, a follow-on in being covalently bonded to the 

resin. An electrophonic scavenger is a nucleophilic 

polymer and conversely [3].  

 

A (excess) + B A B + A

Reactants Product

X

polymeric 
scavenger

A B + X A
separation

A B
purified

 
Scheme 1.General representation of a reaction involving a 

polymer scavenger. 
   An early report lists dozens of polymeric reagents 

that have found applications as a catalyst, protecting 

groups, substrate carriers, analysis (sensor), ion 

exchange, and detection of reaction intermediates, 

chromatography, enzyme immobilization, and 

others. 

Scavengers, as good as we do for organic synthesis, 

have been used as polymer nucleophiles as well as 

polymeric phosphine reagents, sulfonium salts, 

halogenating agents, redox, acylating, and 
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alkylating reagents [4, 5]. Frechter researched an 

early example of the polymeric purification of 

allergenisoalanthylactone (the allergen present in 

natural oils) [6]. 

   Keating and Armstrong research and give us the 

first report of the application of a polymer-based 

reagent to synthesis. Thus, the polymeric 

polypeptide was obtained with high yields and 

purity [7]. Through polymerization in a cylindrical 

glass mold, Tripp at al. were prepared macroporous 

disks while polyethylene covered porous poly 

(chloromethyl-styrene-co-divinylbenzene) [8]. To 

facilitate the work and  purification of  parallel non-

peptide small molecule libraries were used solid-

supported (nucleophiles and electrophiles). Most of 

the polymeric supports used to date have been 

obtained by various methods in gel or porous form 

with different porosity. Gel-type beads in swelling 

are important to enable access to the reactive side. 

This thus limits the number of solvents that be able 

to use. Permanently porous beads do not need to 

require pre-swelling and are consequently 

appropriate for different solvents. 

    Last employment by Svec, Frechet, et al. has 

publicized that porous polymer monoliths under 

flow-through conditions can exceed many of the 

issues related to beads. Nevertheless, materials with 

low surface areas are characterized by high 

permeability and larger pore sizes. Berkeley Group 

has functionalized the polymer by grafting on the 

monolithic surface with relatively large pores [9].  

Polymerization, or curing, the continuous phase of a 

HIPE gives a porous polymeric material known as a 

PolyHIPE with highly permeable monoliths. 

Different authors have used a nucleophilic 

scavenging agent, synthesis ureas, thioureas amides, 

sulfonamides, and carbamates to remove the excess 

isocyanate, isocyanide, isociamide, acyl chloride, or 

sulfonyl chlorides [10, 11]. Scavenger resins, 

depending on their structure and functionalities, can 

be used for scavenging of: anhydride [12], acid 

chloride [13], amines [14, 15], esters, epoxides [16, 

17], aldehydes and ketones [18, 19], miscellaneous 

compounds [20], for metal removal from a reaction 

mixture [21], functionalized with gold nanoparticles 

[22], for efficient removal of environmental 

pollutants [23],   in the field of culture heritage to 

clean surfaces for art conservation and restoration 

[24], preventing paper documents [25] and many 

others [26].   

  The majority usually used method of forming 

HIPEs is through the slow addition of a porogen 

(non-continuous phase) to the continuous phase 

with mixing, although other methods can be used 

[27]. 

   The aim is to synthesized poly (VBC-co-DVB) 

polyHIPE monoliths functionalized with tris (2-

aminoethyl) amine which can be used as 

scavengers. Prepared PolyHIPE materials with a 5% 

degree of crosslinking by divinylbenzene, 

hydrophobic monomer possessing reactive chlorine, 

and allowing for the polyHIPE material to be 

tailored post-polymerization  [28]. The resulting 

porous materials with reactive pendant vinyl groups 

be able for functionalization with an amino group 

from tris(2-aminoethyl)amine in different times 

excess and refluxed are presented in Table 1.  

2. Experimental: 

     2.1. Materials and Methods: 

 

4-Vinylbenzyl chloride (VBC, 90% Sigma Aldrich) 

and divinylbenzene (DVB, 80%, composed of 80% 

of divinylbenzene and 20% of ethyl vinyl benzene, 

Sigma Aldrich) were passed through an inhibitor 

removal column (Aldrich, Al2O3 Fischer 

Chemical),α,α′-azoisobutyronitrile (AIBN, Fluka), 

sorbitan monooleate (Span 80, Aldrich), tris(2-

aminoethyl)amine (Fluka), tetrahydrofuran (THF 

dehydrate, Baker), calcium chloride hexahydrate 

(CaCl2 x 6H2O, 98%, Sigma Aldrich), triethylamine 

(Sigma Aldrich), pyridine (Sigma Aldrich), nitric 

acid (Fluka, 65% aqueous solution), ethanol and 

methanol (Merck) were also used as received. 

 

     2.2. Infrared Spectral Analysis:  

A Fourier transforms infrared spectrometer (Perkin 

Elmer FT-IR 1650 spectrometer) was used to 

identify the components of the 'pendant 

chloromethyl groups' located on the internal and 

external surfaces of the products. The absorption 

spectra were measured in KBr pellets between 4000 

and 500 cm-1. 

 

    2.3. Surface Area Analysis of Spherical Porous 

Polymer Particles: 

Nitrogen adsorption and desorption isotherms were 

measured at 77.3 K using a Micromeritics Tristar II 

3020 r (BET) surface area analyzer. The specific 

surface area of spherical porous poly (DVB-VBC) 

and immobilization with tris (2-aminoethyl)amine 

was obtained using the standard BET method.  

 

2.4. Potenciometric measurmensts: 

Potentiometric measurements Chlorine content was 

determined by potentiometric titration. A 

Potentiometric measurement was used to perform 

on a Hanna 8818 Microprocessor ph/mV/oCMetre. 

2.5. Elemental analysis: 

Quantitative elemental analyzers of polymers were 

used to determine by C, H, and N elemental 

analysis, using a Perkin Elmer CHN 2400 analyzer 
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series II (C, H, N, S, and O). We were determined 

the amount (wt. %) of chemical transformations of 

functionalized polymers 

 

2.6. Preparation of 4-

vinylbenzylchloride/divinylbenzenepolyHIPE 

material: 

HIPE material 4-Vinylbenzyl chloride (5.3 g, 0.035 

mol) was placed in a reactor together with 

divinylbenzene (0.30 g, 0.002 mol), ABIN (0.06 g), 

and the surfactant sorbitan monooleate (Span 80; 

1.04 g), and the mixture was stirred with an 

overhead stirrer at 500 rpm. An aqueous phase, 

consisting of 1.79 g CaCl2
.6H2O till 100 ml 

deionized water which was previously degassed 

under reduced pressure for 15 min, was placed in a 

baffled suspension polymerization reactor. The 

emulsion was stirred (300 rpm) for another 30 min 

at room temperature, after addition of the aqueous 

phase, then transferred to a mold for curing (24 h at 

60 oC). The resulting polyHIPE was purified by 

Soxhlet extraction (distillation water for 24 h and 

ethanol for 24 h) then dried in a vacuum for 24 h. 

 

2.7. Scavenging Experiments: 

PolyHipe (100mg, 4.01 mmol of chloromethyl 

groups per gram) was placed in a reactor together 

(at a molar ratio of amine/ chloromethyl groups 3/1) 

with 4a (17.64 mg, 0.12 mmol) of tris(2-

aminoethyl)amine and refluxed for 1h, and 4b,  4c,  

4d (at a molar ratio of amine/chloromethyl groups 

10/1) with (58.8 mg, 0.4 mmol) of tris(2-

aminoethyl) refluxed for 1, 3, 6 h, then mixture 

dissolved in 5 ml dimethylformamide at 45 oC. The 

products were washed with DMF, MeOH, NEt3, 

MeOH, MeOH/H2O (1:1),  MeOH, and THF, dried 

in a vacuum oven  (10 mbar, at 50 oC for 24h), 

Scheme 2. 

 

 
 

Scheme 2.Functionalization of PolyHYPE monolithic 

materials by tris(2-aminoethyl)amine. 

3. Results and Discussions: 

      The production of  VBC-co-DVB PolyHIPE 3 

has been functionalized with a nucleophilic amines 

tris (2-aminoethyl) amine, such is presented in 

scheme 2. 

Functionalization of  PolyHIPE monolithic 

materials by tris (2-aminoethyl) amine 4a (at a 

molar ratio of amine/ chloromethyl groups 3/1) 

refluxed for 1h, and with 4b, 4c, 4d  (at a molar 

ratio of amine/chloromethyl groups 10/1) refluxed 

for 1h, 3h, 6h are presented in Table 1. 

   FTIR Analysis of Synthesized Spherical Porous 

Polymer: In the DVB (2) FTIR spectrum  monomer 

showed the peak at 3086 cm-1 resulting from the 

ν(C-H) stretching vibrations of the vinyl group, the 

ν(C-H) stretching vibrations of  the group of the 

benzene ring are presented in 3050-3010 cm-1 and 

the methyl ν(C-H) stretching of methyl group 

appeared at 2950-2750 cm-1. The appearance of the 

absorption signal at 1635 cm-1 resulted from  

ν(C=C) stretching  mode of  the vinyl group, and 

the signal at 1600-1500 cm-1 corresponds to 

ν(C=C) stretching vibrations of the aromatic group 

[29]. 
   In the VBC (1) FTIR spectrum appeared the peak at 

1630 cm-1 corresponding to the presence of vinyl bond 

(C=C), the absorption signal at 1270 cm-1 resulted from 

ν(C-Cl) stretching vibrations [30], whereas the sharp 

peak at 710 cm-1 is characteristic for chloromethyl group 

vibrations [31]. In the spectrum of (3) FTIR spectrum 

spherical porous poly(DVB/VBC), the peak at 3300-

3500 cm-1 corresponds to the presence of a low degree of 

hydroxyl group content in the polymer. This can be 

explained presumably by the partial hydrolysis of 

chloromethyl functionality through polymerization [32]. 

By comparison with the FTIR spectra of the DVB and 

VBC monomers, the presence of peaks due to C-Cl 

bonds (1265 and  680 cm-1)  was considerably reduced of 

the C=C peaks 1610 cm-1, confirming the reduction of 

chlorine, indicates that the copolymerization was 

successful. Also, signals between 3000-2854 cm-1 

associated with C-H bonds stretching from became more 

intense due to the copolymer backbone formation (sp3 C 

formation). 

 
Figure 1. FTIR spectra of VBC/DVB PolyHIPE and 

functionalized with tris (2-aminoethyl) amine 
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A slight shift of C-C aromatic stretching modes 

towards higher wavenumbers was observed and this 

can be explained by a lower mobility of these 

aromatic carbons when polymer is formed [33]. As 

the ratio of amine groups increases by increasing 

the reflux time, it will become the most identifiable 

spectrum for characteristic groups. Thus, we will 

see a clearer spectrum in case 5d, since, for case 5a, 

the identification spectrum will be less visible. The 

medium band of ν(N-H) stretching band at 3409 

cm−1 clearly demonstrate the modification of 

compound  (3) with tris(2-aminoethyl)amine, as 

shown in figure 2. Tris(2-aminoethyl)amine 

showing double absorption band at 1580 cm-1 and 

1630 cm-1 for δ(N-H) scissoring vibration and 

absorption band at 1020 cm-1 (stretching vibration 

for C-N) which confirms the presence of amino 

group. 

 

Potentiometric measurements: 

Chlorine was determined by potentiometric titration 

with AgNO3 0.10 g of a support was placed in a 

flask and 5 ml of pyridine was added. The mixture 

was stirred and  heated for 2 h at 100 °C. After 

cooling, 7 ml of HNO3 and 10 ml of N, N-

dimethylformamide were added and the mixture 

was diluted to 100  ml. Finally, 20 ml of this 

mixture was titrated with 0.01 M  AgNO3. The 

amount of chlorine in the samples is calculated from 

the volumes of AgNO3 used by titration. 

The results of chlorine analysis indicate signify the 

possibility to control the degree of reaction of the 

chloromethyl groups. We were determined the 

amount (wt.%) of chemical transformations of 

functionalized polymers.  

After washing and drying PolyHIPE starting 

material's which corresponds with (4.01 mmol of 

chloromethyl groups per gram) of the polymer 

product, to give an amino derivative, compound 3 

reacted with 4a (0.12 mmol of amine/chloromethyl 

groups), when loading of chloromethyl groups was  

reduced 1.79  mmol/g.  1.8 mmol of  NH/NH2 

groups per gram was isolated, found a product with 

a (24 %) degree of conversion, respectively as 

shown in Table 1. 

The results of chlorine analysis indicate signify the 

possibility to control the degree of reaction of the 

chloromethyl groups. We were determined the 

amount (wt. %) of chemical transformations of 

functionalized polymers. After washing and drying 

PolyHIPE starting material's which corresponds 

polymer product 3 with (4.01 mmol of chloromethyl 

groups per gram). To give an amino derivative 

compound 3 reacted with 4a, is isolated 5a product 

when loading of chloromethyl groups was reduced 

1.79 mmol/g and 1.8 mmol of NH/NH2 groups per 

gram was isolated, with (24 %) degree of 

conversion. Compound 3 reacted with 4b, 

chloromethyl groups were reduced 0.74 mmol/g. is 

isolated product 5b with approximately (41.6 %) 

conversion was achieved, after 1h. ref. with (3.05 

mmol NH/NH2 group per gram). While after 3h ref. 

a product 5c was isolated (with 3.61 mmol, of 

NH/NH2 groups per gram) which corresponds to 

approximately (49.3 %) conversion. Products 5d 

refluxed for 6h.  

Resulted in a higher degree of conversation (62.3 

%), while chloromethyl groups were reduced to 

0.18 mmol/g (4.56 mmol NH/NH2 group per gram  

is isolated) follow-on in high loadings of 

immobilized of NH/NH2 groups.  

The surface area and so the pore size of the polymer 

frequently  impact the applications for which a 

particular porous polymer can be used. The specific 

surface area of spherical porous poly (DVB-VBC) 

and immobilization with tris(2-aminoethyl)amine 

was obtained using the standard BET method. This 

rather low surface area suggested that the material 

possessed amount of mezo and micropores [34]. In 

the case of sample 5a (at a molar ratio of 

amine/chloromethyl groups 3/1) BET surface area 

was 8.26 m2g-1. For sample 5b, 5c, 5d (at a molar 

ratio of amine/chloromethyl groups 10/1) for (1, 3,  

6 h. refluxed) BET surface area was 8.28, 8.57, 8.84 

m2g-1 gave lower average pore radius and average 

pore volume, Table 1. The reason is that the mass 

transfer by diffusion of a flow system with 

particulate supports is commonly slower and less 

efficient than convection. Large pores in PolyHIPE 

monoliths enable low back pressure inflow makes 

PolyHIPE monoliths generally a material with a 

relatively low surface area. 

In the diagrams below are presented the graphs for 

Adsorption cumulative pore area and pore volume 

for sample 3, 5a, 5b, 5c, 5d. Pore volume (nm) was 

67.47, 58.82, 58.77, 58.87, and 59.92 (nm). 

 

 

 

 

. 
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Table 1. Functionalization of Poly(4-vinylbenzylchloride-co-divinylbenzene) PolyHIPE Monolithic Materials. 

Polymer [a] reaction  found  calc. found conversion BET surface reactive groups 

  time/h %Cl[b] %N[c] %N %[d] area [m2g-1] [mmol-1][e] 

3 

 

14,18 

   

7.1 4.01 

5a 1 6,36 13,56 3,34 24,6 8.26 1.8 

5b 1 2,65 13,56 5,65 41,6 8.28 3.05 

5c 3 1,59 13,56 6,69 49,3 8.57 3.61 

5d 6 0,65 13,56 8,45 62,3 8.84 4.56 
 

[a]PolyHIPE monolithic material; products 5a, 5b, 5c, 5d, are derived from 3. [b] Determined by potentiometric measurements.  
[c] Calculated mass percentage of nitrogen for complete conversion. [d] Conversion determined on the basis of combustion analysis for 

nitrogen. [e] Loading of NH/NH2 groups in the case of 5a 5b, 5c and 5d; otherwise, loading of % Cl for chloromethyl groups in case of 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  The variations of adsorption cumulative pore area and pore volume for samples 3, 5a, 5b, 5c, 5d. 
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4.  Conclusions    

  

Our goal was to synthesize and functionalize PolyHipe 

with nucleophilic groups, prepared VBC based PHPs 

with 5 % level of initial crosslinking functionalized 

PolyHIPE with tris (2-aminoethyl)amine. 

These preliminary results indicate that monolithic 

PolyHIPE supports beneficial materials in organic 

synthesis procedures lead to transformations. 

Monolithic polymer supports and scavengers have been 

prepared via nucleophilic displacement of chlorine in 

poly(4-vinylbenzylchloride-co-divinylbenzene) 

PolyHIPE materials. Porous copolymers of DVB/DVB 

were prepared by emulsion templating using high 

internal phase emulsions (HIPEs) as precursors for 

monoliths (3) were chloromethyl group loading was 4.01 

mmolg-1. 

We were done the reactions of monolithic PolyHIPE 

with tris(2-aminoethyl)amine at 45 oC, bring toward 

functionalized  polymers with amino group, at a molar 

ratio of 3/1 (amine/chloromethyl groups) and 10/1 (in 

different time refluxed).  

The most identifiable spectrum for characteristic of 

(NH/NH2 groups per gram) ratio increases by increasing 

of  rapport ratio and the reflux time. Also is increases the 

degree of functionalization with amine groups, with the  

result of product 5a with conversions (24 %) and 

products 5b, 5c, 5d gave conversions (41.6  %, 49.6 %, 

62.3 %). 

BET surface area in the case of sample 3 and (for 

sample 5a, 5b, 5c, and 5d) resulted in a significantly 

lower  

increase of dry BET surface area (from 7.1 m2g-1 to 8.84 

m2g-1). 
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