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Abstract – Dichloro-diphenyl-trichloroethane (DDT) is a 
toxic contact insecticide used in disease-stricken regions 
for vector control, which is the management of disease-
transmitting organisms’ populations. This paper 
investigates the capacity of various polymers to stabilize 
DDT’s amorphous state, its most lethal form to insects, 
and thereby increase its insecticidal efficacy. Improved 
stabilization of DDT’s most lethal form would more 
effectively neutralize mosquitos, the arguably deadliest 
disease transmitters, therefore minimizing the DDT 
usage required for vector control.  

I. INTRODUCTION 
DDT neutralizes insects upon contact by opening neuronal 
Na+ channels [1]. The resulting spontaneous neuronal 
firing eventuates in fatal spasms, empowering effective 
vector control in disease-stricken regions. Yet DDT’s 
connections to environmental damage and chronic health 
conditions necessitate more lethal applications to 
minimize usage and thereby lessen vector control’s 
environmental footprint.  
Previous studies examining polymorphs of DDT [2] and 
lindane (γ-hexachloro-cyclohexane) [3] suggest that 
Ostwald’s “Stage Rule,” which inversely relates 
polymorphs’ crystallization orders to their thermodynamic 
stabilities, may exist for polymorph lethality: more 
thermodynamically unstable forms can kill quicker. It is 
thus important to delay nucleation onset by stabilizing 
insecticides’ amorphous (least stable) states. Such 
stabilization inhibits crystallization of less lethal forms, 
ultimately increasing lethality and reducing insecticide 
usage. 

II. METHODS 

The polymers polyethylene glycol (PEG), 
polyvinylpyrollidone (PVP), polystyrene (PS), polymethyl 
methacrylate (PMMA), and polyvinyl acetate (PVAc) were 
individually combined with DDT at varying weight ratios 
and dissolved in chloroform, which was chosen for its 
ability to quickly dissolve all above polymers. Solutions 
were coated on glass slides at 1000 rpm for 2 sec, and then 
2000 rpm for 20 sec using a SCS 6800 Spin Coating system, 
preceding drying at 25ºC. Nucleation time was observed 
through a microscope fitted with crossed polarizers 
(Olympus BX50) and equipped with a digital camera; a hot 
stage (Mettler FP82HT) was used for temperature control 
at 25ºC.  

III. RESULTS AND DISCUSSION 

Both polymer type and polymer-DDT weight ratios 
(W/Rs) greatly affected the nucleation rate of DDT at 
25ºC. For PEG(200 kDA)-DDT (2:1 W/R) films, DDT 
crystals developed after 10 min. Varying molecular 
weights of PEG over a range of 6 kDA to 200 kDA failed to 
affect crystallization. Nucleation time increased to 12 hrs 
with PVP-DDT (2:1 W/R) films. Moreover, increased 
polymer-DDT W/Rs seemingly inhibited nucleation; 

PVP-DDT (10:1 W/R) films stabilized amorphous DDT for 
40 hrs.  
Polystyrene exhibited similar results. Nucleation onset 
time for PS(250 kDA)-DDT films increased from 24 hrs (1:2 
W/R) to 6 days (1:1 W/R), and then to 45 days (2:1 W/R) 
as W/R increased. PMMA(350 kDA)-DDT and PVAc-DDT 
films likewise stabilized amorphous DDT for 45 days (2:1 
W/R), at which point 10μm-sized DDT crystals began to 
form. Overall, DDT-polymer films enabled prolonged 
stabilization of DDT’s most lethal amorphous form 
through inhibiting nucleation of other solid-state forms. 
 
 

 

 
Figure 1: (a) PS(250 kDA)-DDT film (1:1 W/R), 6-day 
nucleation onset, and (b) PVAc-DDT film (1:2 W/R), 45-day 
nucleation onset, are juxtaposed. The inverse relationship 
between  polymer-film W/R and DDT crystallization is 
visualized [4]. 
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IV. CONCLUSION 
Mosquitos, responsible for malaria, Zika virus, dengue 
fever, and yellow fever outbreaks, will only become more 
dangerous as global warming expands the scope of their 
habitats. Alleviating public health concerns requires more 
effective mosquito vector control, making the 
development of efficacious yet minimally toxic insecticides 
an imperative. Fortunately, the stabilization of existing 
insecticides in their most lethal chemical states empowers 
the fruition of public health goals while concurrently 
minimizing environmental damage––a long-desired 
equilibrium.  
Moreover, though DDT was chosen as a model compound, 
polymer-film stabilization may lend itself to future 
research with other widespread insecticides such as 
dicofol and lindane. Its ability to integrate common 
polymers and insecticide also introduces the possibility of 
more effective insecticidal mosquito netting for enhanced 
vector control. Additionally, future research can evaluate 
other polymers like polyethylene terephthalate (PET) and 
nylon, polymers of different molecular weights, and cross-
linked polymers.  
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