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Introduction

Scaling is one of the major problems in membrane-based 
desalination plants which incorporate reverse osmosis (RO) 
protocol in desalting seawater and aquifer brackish waters 
[1–3]. The deposition of scale on the membranes leads to 
the reduction of their efficacy of product recovery and salt 
rejection. Antiscalants are used to mitigate the scaling on 
the membrane surface, which is owing to the precipitation 
of very low water-soluble salts such as CaCO3, Mg(OH)2, 
CaSO4, SrSO4, etc. [4–6]. Several research groups have 
attempted to understand the mechanism of scale inhibition 
which is a matter of paramount importance in desalination 
plants [7–9]. The interactions among the pendant nega-
tively charged functional motifs on the antiscalants such 
as polyphosphates, polysulfonates, polyacrylates and Ca2+ 
ions impart changes in precipitate morphologies, thereby 
leading to scale inhibition [10].

It is one of our objectives to synthesize terpolymer 5 and 
tetrapolymer 7 using Butler’s cyclopolymerization protocol 
[11–13]. The novelty of the work lies with the assembly 
of three different functional motifs of amino-phosphonate, 
-carboxylate and –sulfonate in a single molecular back-
bone. It would give us an opportunity to investigate the effi-
cacies of the newly synthesized polymers as novel antiscal-
ants to exploit the varying chelating abilities of a multitude 
of anionic centers in scavenging metal cations (Scheme 1). 
Note that the three monomer units incorporated in 5 and 7 
have seven chelating centers (of three N and four O−) with 
different basicity constants. In addition, the latter contains 

Abstract An aqueous solution of diallylammonium salts 
(CH2 = CHCH2)2NH+(CH2)3A

− having A− as: CO2
− (I),

PO3H2 Cl− (II) and SO3
− (III) in 1:1:1 mol ratio underwent 

ammonium persulfate-initiated ter cyclopolymerization to 
yield pH-responsive zwitterionic polymer IV with random 
placements of the monomers in the same ratio. During dialy-
sis, PO3H2Cl− of the incorporated monomer units of II upon 
depletion of HCl became PO3H

−. Likewise, azobisisobu-
tyronitrile-initiated cyclopolymerization of I, II, III, and SO2 
in a mole ratio of 1:1:1:3 provided pH-responsive tetrapoly-
mer V in over 90 % yield with random and alternative place-
ments of I–III and SO2 units, respectively, in the same ratio 
as the feed. Polyzwitterions (PZs) IV and V were insoluble 
in salt-free water but soluble in the presence of salts. The 
critical salt concentrations required to promote water solubil-
ity of PZ IV were determined to be 0.356 M NaCl, 0.237 M 
NaBr and 0.128 M NaI, whereas for PZ V the corresponding 
values were found to be 2.25, 1.26 and 0.862 M, respectively. 
PZs IV and V were converted into anionic polyelectrolytes 
VI and VII upon basification with NaOH. The viscosity and 
antiscalant behaviors of VI and VII were examined. The pol-
ymers demonstrated remarkable scale inhibition efficacies; 
at a dose of 10 ppm, both IV (+NaOH) and V (+NaOH)
delayed the precipitation of CaSO4 from its supersaturated 
solution up to 920 and over 4000 min, respectively. For a 
small concentration of 5 ppm of polymer V, a scale inhibi-
tion of 100 % over 100 min verified it to be a potential effec-
tive antiscalant additive in reverse osmosis plants.
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