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 What did they actually do in crime scene investigation (CSI) tv-show? (e.g. luminol 

reaction) 

 Colour of poison – classical chemical reaction in identification of poisons.  

 

The presentation of spectacular application of analytical methods for crime solving is 

undoubtedly frequently exploited by the TV-shows directors. It generally gives the impression 

to the audience that the forensic examination of a crime scene is a mixture of the hi-tech 

science and magical chemistry which turns on colours or glows the stains blue in the 

darkness. Thanks to the few screen-play authors the displayed reactions or phenomena are 

somehow explained but there is still a need to emphasize the actual role of chemistry in the 

investigation process. Among many chemical processes which almost every adult spectator 

may have seen on the TV screen during the last few years, several of them always look 

outstanding raising viewers numbers.  

 

Blue blood 

In TV-shows the good case always involves a body: a victim killed in passion when the 

blood drops are sprayed around the whole crime scene. The case is even better if the body was 

moved and the scene was cleaned up. This is the great opportunity to present the “magical 

spray” inducing the blue glowing of the latent bloodstains. Such glowing originating from a 

chemical reaction is known as the chemiluminescence and its “cold” light is also known from 

chemical torches or gleaming necklaces available at massive music performances.  

But there is no magic just the pure chemistry: the blood component (hematin containing 

iron) catalyses chemiluminescence of sprayed luminol oxidized by hydrogen peroxide. The 

reaction was firstly observed nearly a hundred years ago by H.O. Albrecht, but it was Walter 

Specht from the University Institute for Legal Medicine in Jena (Germany) who in 1937 

suggested the application of luminol for blood detection in the forensic examination. Since 

then, the composition of luminol spray has been optimized with the addition of sodium 

hydrogen carbonate (NaHCO3) which supports releasing of iron (Fe
+2

 and Fe
3+

 ions) from the 
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blood cells and provides a basic environment. Such “ready for use” sprays may be found in 

forensic kits or even bought in the Amazon on-line store.  

The general scheme of the luminol reaction is presented in Fig.1 while the results of such 

experiment is depicted in Fig.2.  

 

 

Fig. 1 General scheme and mechanism of luminol blood detection 

 

Fig. 2 Bloodstains glowing in blue after being sprayed with basic luminol/hydrogen 

peroxide mixture (photo by M.Woźniakiewicz).  

One would certainly notice that some equipment used by the TV-shows experts is missing 

in the Fig. 1. There is neither UV torch nor orange googles. Well, in fact we do not need to 

use the UV light source, since the luminol sprayed on blood luminescences by itself. So, the 

UV-torch was used by “experts” to make them more “expert look-alike”, just for the TV-show 

purpose. However having a torch is recommended, because chemiluminescence is preferably 

observed in the dark. Similarly, orange googles may only disrupt the observation as they cut 



3 
 

off the blue light. Nevertheless, due to the strong basic and irritating components of the 

luminol spray, wearing the googles during spraying is strongly advised.  

The detection of blood stains with luminol is highly sensitive, because iron released from 

the blood cells catalyses the oxidation of luminol only with hydrogen peroxide. Without the 

catalyst this reaction lasts hours or days with barely traceable light emission. The presence of 

iron ions speeds up the process compressing a day-long reaction into thirty seconds. Besides 

chemiluminescence, catalysis (the increase in the rate of a chemical reaction due to the 

participation of an additional substance called a catalyst), is another spectacular chemical 

phenomenon accompanying the forensic investigation. Although, the luminol oxidation may 

be catalysed also by other compounds, which may confuse the interpretation of spotted blue 

light. Even if it is not quite probable to meet e.g. horseradish enzymes at the crime scene as 

they effectively catalyse the same  process, traces of copper or many other metals can also 

work as efficient catalysts. The general principle is that if the test is negative, blood is absent, 

but if the test is positive, blood is probably, but not definitely, present. For this reason the 

tests are often described as "presumptive" tests. 

Of course there are other methods for blood detection, some of them may be even tested at 

home with domestic reagents. They are also based on catalysis
1
, as the simple, foaming 

accelerated decomposition of 3% hydrogen peroxide in the presence of blood. This process is 

used for disinfection of minor injuries, but such foam generation may be also the indication 

for bloodstains. On the other hand, interpretation of these results may be also a false positive.  

 

Colour of poison – classical chemical reaction in identification of poisons 

In TV-shows the work of forensic expert is a colourful job. The presumptive test for 

identification of unknown substances are generally based on the simple colour reactions with 

a set of reagents. However, nowadays the reagents are nicely ready assenbled in e.g. drug 

identification kits. The recipes for many of presumptive tests have been well known since the 

beginning of XX century. One of the most important and colourful of these tests is the 

Marquis test reagent, a mixture of concentrated sulphuric acid and formaldehyde (9:1, vol.), 

which is suitable for detection and identification of nitrogen containing drugs
2
, such as 

                                                           
1
 For instance: oxidation of reduced phenolphthalein by haemoglobin and hydrogen peroxide (Kastle-Meyer 

reagent) 
2
 This test is suitable for basic primary and secondary amines 
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naturally occurring alkaloids (e.g. morphine, mescaline) or synthetic substances (e.g. 

amphetamine, ecstasy, codeine, heroine). In fact the applicability range of this test is 

continuously increased because of the increasing number of substances of abuse, and also the 

“legal highs” have been successfully tested. The chemistry of the reaction varies between 

substances, but generally an unstable colour product is formed. Its colour is a strong clue 

which indicate the group of illegal substances the subject of analysis may belongs to.  

The colour scale of products is really impressive. Colourless Marquis reagent treated with 

just a few crystals of unidentified drugs quickly changes its colour. Opiates make it purple (in 

Fig. 3 the result of reaction with codeine is presented), amphetamines – orange to brown, 

ring-substituted amphetamines such as ecstasy – purple to black, “bath salts” (designer drugs: 

substituted cathinones) – yellow.  

  

Fig.3. Reaction between Marquis reagent and codeine (non-restricted opiate, used e.g. for 

cough treatment, photo by A.Repeta ) 

But despite the many possibilities, generally the identification may be inconclusive after 

just a single presumptive test, performed “in field” or in the laboratory. Such analysis has to 

be narrowed down with other presumptive tests, and there are many different ones in the 

forensic kit (for example Liebermann’s reagent: 10% w/v sodium nitrite in sulphuric acid for 

distinguishing amphetamine - olive-  and methamphetamine - red). Finally, the identification 

of a particular drug has to be confirmed with a confirmatory test. Usually it involves the 

application of the instrumental techniques and lasts much longer than it is shown in the CSI 

programmes. However, one thing shown on TV is true – the software which controls the 

instrument is usually set up to print out the report just after the analysis.   

The presumptive tests are used not only for identification of drugs of abuse, but also for 

detection of inorganic poisons, such as e.g. arsenic or lead. These toxic elements are still 

involved in many cases of poisoning. Arsenic and its derivatives are the potent toxins 
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disrupting production of ATP in human cells and thus decreasing the transfer of energy. As an 

hardly detectable poison before the nineteen thirties, arsenic trioxide was named the queen of 

poisons. But the development of chemistry and particularly the work by James Marsh enabled 

him to trace this compound in human blood samples. Even today Marsh's apparatus is used in 

some forensic laboratories in Eastern Europe, together with another reaction: the Gutzeit’s test 

(Fig. 4). In this particular example of colourful forensic chemistry, silver nitrate spot reacts 

with AsH3 vapours generated
3
 in a glass tube. The resulting brown-black spots confirm the 

presence of arsenic.  

  

Figure 4 The Guzeit’s test results (Photo by A.Repeta) 

One would say that the Guzeit’s test does not look very pleasant, but the detection of 

another potent toxin: lead ions with potassium iodate results in a yellow colour suitable for 

TV-shows (Fig. 5). Anyway, a positive result of the test indicates the presence of a toxic 

compound, strongly affecting the central nervous system.  

 

Fig. 5. Detection of lead ions with potassium iodate (Photo by A.Repeta).  

                                                           
3
 Reduction of As compounds with hydrogen. The black spots comes from the reaction: 

33333 336 AgNOAsAgHNOAsHAgNO   
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Conclusions 

Forensic TV-shows like “CSI: Las Vegas” or its spin-offs are filled with chemistry, even 

if it is served up not entirely accurately. Maybe it looks more “magical”, particularly when 

also laboratories are packed with jars filled with colourful liquids, but the chemistry may be 

actually described more as kaleidoscopic rather than what is actually the case. I hope that the 

reactions presented above, being still in use in forensic laboratories, are good examples of 

interesting chemical phenomena, showing the impact of chemistry on everyday life.  

 


