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Sodium azide is a colorless, tasteless, odorless and salt-like  
solid that has been widely used in agricultural, laboratory, and 
medical applications. For example, azide is used in automo
bile airbags, for pest control, as a preservative, and in chemical 
research.1,2  However, in addition to environmental concerns 
regarding this substance, it has also recently attracted atten-
tion for safety issues. In fact, due to its acute toxicity while 
being odorless and tasteless, several poisoning cases have 
been reported in the past 20 years.3–5 Despite the clear public 
health concerns related to sodium azide, there is no quick de-
tection method available for environmental, medical, and fo-
rensic applications: in one case of deliberate azide poisoning, 
for example, it was reported that it took the FBI five months to 
determine that azide was the poison used.5

Meanwhile, in the field of click chemistry, Huisgen 1,3-di-
polar cycloaddition has been commonly used as a useful syn-
thetic tool.6–8 Because of this reaction’s simple operation, fast 
reaction rate and biocompatibility, it has become an impor-
tant step in intermediate synthesis in medicinal chemistry. 
However, a trace amount of sodium azide would affect the 
bioactivity and cytotoxicity of synthesized drug candidates.  
As a result, there is a real need for the development of a  

simple, rapid and accurate azide detection method. The 
groups of Professor Binghe Wang at Georgia State Universi-
ty (USA) and Professor Geert-Jan Boons at the University of 
Georgia (USA) have therefore been investigating a method of 
detecting inorganic azide, resulting in this paper.

“Current sodium azide detection methods include chro-
matography9–11 and electrochemical detection,12–14 which in-
volves complicated procedures and specialized instruments,” 
said Professor Wang. He continued: “Fluorescence has em- 
erged as a simple and rapid detection tool, and a few fluores-
cent probes for sodium azide have been reported.15–17 However, 
each one of them leaves something to be desired including the 
ability for quantitatively determining azide concentrations.16 
In some cases, interference from other inorganic anions was 
an issue too.17 Therefore, we were interested in developing a 
method for the simple, sensitive, selective, and quantitative 
detection of sodium azide.”

In click chemistry, organic azido compounds (N3-R) are 
known to react easily and selectively with terminal alkynes 
via copper(I)-catalyzed cycloaddition (CuAAC), and strained 
alkynes without Cu(I) catalysis via strain-promoted azide–
alkyne cycloaddition (SPAAC).18 Unlike organic azido com-
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Figure 1 A cartoon representation of the inorganic azide and FI-DIBO reaction
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pounds, inorganic azide does not readily undergo the same 
reaction in most cases. In 2011, the Wang lab reported a  
liquid chromatography–mass spectrometry (LC-MS) detection 
method for sodium azide based on the reaction between a  
strained alkyne, dibenzocycloocta-4a,6a-diene-5,11-diyne 
(DBA), and inorganic azide.19

Over the past eight years, the Boons lab has developed 
many strained dibenzocycloalkyne (DIBO) probes in order to 
visualize complex glycans in living cells.20 Interested in mo-
difying the physical properties of these molecules, they also 
developed a fully water-soluble sulfated analogue S-DIBO20 
and recently a fluorogenic cyclooctyne (Fl-DIBO),21–23 which 
only generates fluorescence after a click reaction. Professor 
Wang said: “Such results triggered our interest in examining 
whether such a strained alkyne could be used to react with 
inorganic azide, leading to a fluorescent cycloaddition product 
for azide detection using fluorescence.”

Professor Wang continued: “To demonstrate the design, 
we used Fl-DIBO to react with sodium azide in a mixture of 
dioxane and H2O (1:1). Because of the nonpolar nature of 
DIBO, 50% of organic solvent was required to fully dissolve the  
probe. A highly fluorescent product was obtained and 
characterized (Figure 1). Other chemosensor properties were 
examined as well, leading to the conclusion that this strained 
alkyne compound was suitable as a fast, sensitive and selec
tive probe for inorganic azide.”

To test the utility of this sodium azide probe in real life, tea 
samples were prepared with azide at various concentrations. 
This probe showed concentration-dependent fluorescence 
intensity changes upon addition of sodium azide. “The sen-

sitivity of the detection method is in a pathologically relevant  
range,” said Professor Wang. As seen in Figure 2, the fluores-
cence emission can be easily observed by the naked eye (λex =  
363 nm). Professor Wang concluded: “This probe showed ex-
cellent potential to be applied in real samples for azide de-
tection. We expect quick and accurate determination of the 
existence and concentration of inorganic azide in aqueous and 
organic solutions using this simple method.”
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Figure 2 Fluorescence responses of Fl-DIBO to sodium azide 
in a tea sample; Fl-DIBO 100 μM, NaN3 (1.12 mg/cup) in a mix-
ture of tea solution and dioxane (1:1) at pH 7.4
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