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Abstract 

 

       The use of cyanoacrylate, or superglue, fuming to develop latent fingerprints on  

non-porous evidence has been utilized by forensic investigators since the early 1980ôs 

when Ed German, a U.S. Army investigator, discovered his Japanese counterparts using 

the technique.  Relatively little research other than developing torches and hot plates to 

expedite the fuming event has been conducted in the past thirty years.  Recently, S. 

Wargacki, L.A. Lewis. And M.D. Dadmun have identified possible mechanisms of 

chemical functionality but a thorough understanding has yet to be achieved, particularly 
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reversed latent prints developed in the cyanoacrylate process as well as the variable of 

overdevelopment especially concerning liquid filled containers or items of heavier mass.  

In an attempt to comprehend and improve the polymerization process of cyanoacrylate 

fuming, we embarked on an avenue of research that we felt was the best route to 

understand and optimize the development of latent fingerprints utilizing cyanoacrylate. 

     Our premise was that the temperature of the substrate material during the fuming 

event, combined with the relative humidity is crucial in obtaining the best possible 

fingerprint development, and that the specific heat capacity and thermal conductivity of 

the substrate material would guide the temperature parameters of the polymerization 

process involved with cyanoacrylate fuming.  The numerous tests that we have performed 

on various non-porous materials with diverse temperature and relative humidity 

parameters have proven this assertion correct.  On identical materials with deposited 

latent fingerprints developed simultaneously but at different substrate temperatures, we 

have been able to show that there is a substantial increase in polymerization by weight 

when the evidence is cooled to a temperature relative to the substrateôs specific heat 

capacity. 
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Executive Summary 

 

I. Introduction  

 1. Statement of problem 

 

     No one currently understands the mechanism by which cyanoacrylate interacts with 

latent fingerprints.  The most common belief is that there is a chemical reaction between 

the residue and the print, that the latent print contains a receptor site that seeds the 

polymerization of cyanoacrylate. However, phenomena like ñinverted printsò are left 

unexplained.  This lack of understanding has resulted in little improvement in the ways 

cyanoacrylate is used to develop latent prints.  Latent prints are developed with 

cyanoacrylate in much the same ways as they were when the technique was first 

discovered.   

     A better understanding of the ways in which cyanoacrylate interacts with latent prints 

is needed to allow for the development of techniques to optimize development 

environments, to help identify critical variables, and to establish new protocols for the pre 

and post processing of evidence.  Our preliminary findings suggested that different 

materials should be processed at different temperatures and that the optimum temperature 

and cyanoacrylate-polymerization may differ based upon the heat conductivity of the 

evidence type.    
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The current literature has no references which discuss the evidence temperature 

and possible functions of this order, and our literature search is still ongoing. 
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3. Statement of hypothesis or rationale for the research 

 

Thermal Energy as it Relates to Condensation of Cyanoacrylate Polymer and 

Fingerprint Development. A discussion of the hypothesis based on the physics of the 

monomer to polymerization conversion process.  

 

     Energy in physics is defined as a physical quantity equal to the capacity to useful 

work. Work is done when an object is displaced by a force. Mathematically, work is 

equal to the force multiplied by the displacement in the direction of the force. Since 

energy is defined as the capacity to do work, numerically energy is equal to the work 

done. The unit of measurement of both energy and work is the same: Joule in SI Units, 

and BTU in US customary units.  When the rate of use or extraction of energy from any 

storage system is expressed in Joule/second, then it is called Power. In other words, 

power is the rate of work done. Its unit of measurement is Watt in SI Units.  

The first law of thermodynamics states that energy can be neither created nor destroyed, 

but it can be changed from one form to another, and this is called as the conservation of 

energy. Energy is not a substance, but mechanical energy of a particular form. There are 

different forms of energy: (a) Heat (b) Gravitational Potential Energy (c) Kinetic energy 

(d) chemical energy (e) EM form of Energy (f) nuclear energy (Einsteinôs famous 

equation: E= mc
2
) . As mentioned earlier, these energies can be changed from one form 

to another, but the total energy remains constant. In any given system the first law of 

thermodynamics can be mathematically expressed as: 

QH = U2-U1+W 
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Where QH  = heat absorbed, kJ 

U2-U1
  

= internal energy (or thermal energy) of the system in states 1 and 2, kJ. 

W = work, kJ 

Thermal energy can be stored in any substance in the form of heat. Temperature is a 

measure of  kinetic energy of molecules, and latent of fusion or vaporization are potential 

energies associated with the different phases of the substance (e.g. solid, liquid, and gas) 

which is absorbed or released without a change in temperature. The specific heat of a 

substance is the quantity of heat required to increase a unit mass of the substance one 

degree. Specific heat is expressed in metric units as kcal/kg-K and in SI units as kJ/kg-K 

where K is Kelvin. Per degree change in Celsius is equal to Kelvin. One kilocalorie (kcal) 

is the amount of energy required to raise the temperature of one kilogram of water from 

14.5 degree Celsius to 15.5 degree Celsius. In SI Units 4.186 kJ = 1 kcal.  

Mathematically, specific heat C can be related to mass of the substance (m), temperature 

change (DT), and the total quantity of heat (DQ) as follows: 

DQ = m C DT  

Specific heat capacity of a substance is sometime called a DNA code of the substance, 

i.e. every substance has a unique specific heat capacity, and it can be used to identify a 

substance. Specific heat capacities of different substances can be found in any standard 

Physics Book. Through observations of the monomer/polymer conversion process in cold 

environments in the field while working with the Alaska State Crime Lab we observed 

numerous times a rapid and increased rate of cyanoacrylate polymerization at colder 

temperatures. These early observations were the instigation of these base line tests we 

have conducted. 
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Transfer of Energy (Thermal Energy) 

As mentioned earlier, energy can be transformed from one form to another, and it can 

also be transferred from one object to another. Particularly, heat / thermal energy can be 

transferred from one form or one substance to another form or substance in the following 

ways: 

1. Conduction 

2. Convection 

3. Radiation 

Conduction: Conduction is the transfer of  heat or thermal energy through a substance  

by molecular diffusion due to a temperature gradient. Fourierôs law provides an 

expression for calculating energy flow by conduction:  

dH/dt = -atc A dT/dx 

where dH/dt = rate of change of thermal energy, kJ/s or kW 

atc = coefficient of thermal conductivity, kJ/s.m.ºC 

A = surface area, m
2 

dT/dx = change in temperature through a distance, ºC /m 

The negative indicates the direction of heat flow. The average values for thermal 

conductivity for some common materials are given in Table 2. 

The Zeroth law of Thermodynamics states that the two objects are in thermal equilibrium 

when both of them have the same temperature. Thermal equilibrium here refers to the 

flow of heat from one object to the other.  
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Convection: Forced convective heat transfer is a the transfer of thermal energy by means 

of large scale fluid motion such as flowing river or aquifer or the wind blowing. The 

convective heat transfer between a fluid at a temperature, Tf, and a solid surface at a 

temperature, Ts, can be described by the following equation:  

dH/dt = -acht A dT/dx 

where dH/dt = rate of change of thermal energy, kJ/s or kW 

acht = coefficient of convective heat transfer, kJ/s.m
2
.ºC 

A = surface area, m
2 

dT = difference in temperature, ºC 

 The negative indicates the direction of heat flow. The average values for the convective 

heat transfer coefficient. 

 Radiation: Unlike the conduction and convection method of heat transfer, the radiation 

method of heat transfer does not require any medium to transfer or release the heat from a 

substance. The radiated energy is transported in the form of electromagnetic waves. The 

radiation involves two processes: absorption, and emission. Every object in the universe 

absorbs energy in part or in full based on type of wave that strikes the surface of the 

object, surface are, and the absolute temperature of the object, and similarly, the emission 

also depends on these similar parameters. An object that radiates the maximum possible 

intensity for every frequency of EM Wave is called a blackbody. The term blackbody has 

no reference to the color of the body. l (in meter) Å T (in Kelvin) = 0.0029 can be used to 

compute the type of EM Wave an object emits at a given absolute temperature T. Human 

body at 37 ºC emits IR wave. 
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The change in internal energy due to the radiation heat transfer is the difference in energy 

absorbed and emitted, and it can be mathematically expressed as:  

  dH/dt =  Eabs ï Eemitted =A( esT
4
body - asT

4
environ) 

where dH/dt = rate of change of thermal energy, kJ/s or kW 

Eabs =  h f  in kJ (here h is Planckôs constant, and f is the frequency of EM wave (photon) 

that is absorbed by the object.). 

f = c/ l  

s = Stephen-Boltzmann constant = 5.67 x 10 
-8
 W / m

2
K

4
 

A = surface area, m
2 

Tbody and Tenviron = are absolute temperatures in Kelvin. 

e = emissibity (= 1 for blackbody), and  

a = absorptivity 

 

Heat Transfer in the Perspective of Cyanoacrylate as it Relates to Specific Heat 

Capacity 

     Specific heat capacity and thermal conductivity are the two main factors that influence 

the rate of loss of heat from the surface of the object that receives precipitated 

cyanoacrylate on its surface. In order to understand the behavior of the specific heat and 

the thermal conductivity of the object, and its influence on the accumulation of the 

cyanoacrylate, we have decided to experiment with a series of observations. We will 

relate the specific heat capacity of different objects of the cyanoacrylate precipitation on 

the surface of variable evidence types.  In order to understand the influence of specific 

heat capacity function as it relates to fingerprint development and cyanoacrylate, we will  
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 try to observe the temperature variation of heat function of the exothermic monomer to 

polymer polymerization process as well as the specific heat capacity of varying evidence 

types such as glass, aluminum, copper, steel, and polyethylene.  We expect to see an 

increased polymerization by controlled variations and reduction of temperatures that 

follow the thermal conductivity of common materials and we expect to see the 

temperature of the evidence surface and environment provide the verification of this 

phenomenon.  Since the monomer-polymer conversion appears to be an exothermic 

function with a ceiling in the high 90 degree Fahrenheit realm we anticipate an increased 

sensitivity of fingerprint development by lowering the temperature of the evidence. 

 

II. Methods 

 

 During our analysis we have developed well over four thousand and fifty (4,050) 

fingerprints with controlled environments. We have tested over 1350 glass tubes, 

specimen slides, and various metals including 300 copper strips, 200 steel/zinc washers, 

300 aluminum strips, along with 200 polyethylene zip lock bags in a controlled and 

systematic manner.  The items were numbered and weighed utilizing a scientific digital 

scale sensitive to one-one thousandth of a gram.  Fingerprints were then deposited on the 

materials and hung on a rack secured with alligator clips in groups of 25.  These materials 

were periodically re-weighed after the prints were deposited and we found that the 

deposition of the fingerprints themselves did not increase the weight to a measurable 

amount. We have built redundancy to quantify statistical analysis with the potential error 

rate into the program. 
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     The materials were then placed in two groups of 25 into a refrigerated environment 

and allowed to cool to a pre-determined but differing temperature.  The temperatures of 

the evidence groups were verified using a digital, infrared thermometer and then 

simultaneously placed into a 6 cubic foot fuming chamber with a known temperature and 

relative humidity.  The two groups of identical materials with noted temperature 

differences were subjected to simultaneous controlled cyanoacrylate fuming. 

     Steel wool strips impregnated with a measured amount of cyanoacrylate and inserted 

into a sublimation device attached to a hand-held butane torch were heated to provide this 

controlled and timed cyanoacrylate fuming event.  The humidity and temperature of the 

fuming chamber was monitored, carefully measured, and recorded.  During these events 

we tested a broad range of both temperature and relative humidity.  During every event 

the cyanoacrylate was immediately introduced into the chamber to insure temperature 

stability of the test items and the materials were allowed ten minutes of exposure to the 

cyanoacrylate fumes.  The items were then removed from the fuming chamber and the 

amount of polymerization was measured by again weighing the testing material after the 

fuming event and comparing this weight to the pre-fuming weight.   

  The variables in cyanoacrylate fingerprint development as recorded by a digital micro-

gram scale and verified by visual inspection are dramatic and support our hypothesis that 

evidence temperature, relative to specific heat capacity, is a determining factor in the 

successful polymerization of latent fingerprints on non-porous materials. 

     The data was then compiled in Excel for analysis. 
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III. Results 

 

      

1.  Statement of results  

     The amount of weight increase due to the polymerization process produced the 

quantitative data to support and verify our hypothesis.  There are also substantial 

variations in the fingerprint development that can be visually observed and the visual 

quality correlates with the numerical data.  Underdeveloped fingerprints weighed 

considerably less than those that appear optimized.  

 

 

 

The top test tube is at 46 degrees Fahrenheit, the middle test tube is at 65 degrees 

Fahrenheit and the bottom test tube is at 74 degrees Fahrenheit. These examples were 

reproduced numerous times, all of the above test tubes were subjected to CN fuming in 

the same environment at the same time, and the only difference was the temperature of 

the item.      
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We continued our investigation into the specific heat capacity function with temperature, 

relative humidity, and environmental constraints on aluminum, a steel-zinc alloy, and 

copper and have verified the specific heat capacity function of the process.  The most 

optimized results and their temperature parameters are defined through our statistics, 

weight of the deposited polymer and visual inspection of each item. 

 

 

     Steel/Zinc alloy temperatures from left to right; 76° F, 85° F, 71° F, simultaneously 

processed with cyanoacrylate fuming showing effects of temperature variable on 

deposition. 

 

     A comparison of differing materials was conducted between glass, (which can be 

considered a relative insulator) as opposed to aluminum, steel, copper, and polyethylene. 

The weights of the polymerized fingerprints have given us the answer and as expected a 

larger deposition on copper than aluminum or glass, when simultaneously developed in 

the same environment.   These continued tests have verified that mass and specific heat 

capacity functions need to be a strong consideration when processing non-porous 

evidence. 
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     Additionally we have observed that a higher temperature environment seems to inhibit 

polymerization and the colder environment seems to give us consistent over-development 

of the polymer. Through this effort we believe that we can make recommendations to 

isolate the temperature optimization of both evidence temperature and environmental 

constraints specific to various materials. 

  

 

Aluminum sheet temperatures from left to right; 73° F, 75° F, 78° F, simultaneously 

processed with cyanoacrylate fuming showing effects of subtle temperature variables on 

deposition. 
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Copper sheet temperatures from left to right; 78° F, 70° F, 74° F, simultaneously 

processed with cyanoacrylate fuming showing effects of temperature variable on 

deposition. 

 

 

Polyethylene bags temperatures from left to right; 78° F, 70° F, 74° F, simultaneously 

processed with cyanoacrylate fuming showing effects of temperature variable on 

deposition. 

 


