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THERMOCHROMISM OF THE MACEDONIAN FLAG 
(A HIGH-SCHOOL AND COLLEGE EXPERIMENT) 
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A thermochromic paint is prepared using Ag2[HgI4]. The Macedonian flag is drawn on yellow paper and the 
parts of the drawing that should be in red are painted with the thermochromic paint. The painted paper is laminated. 
When the temperature is increased, the color changes from yellow to red. The result is a dramatic appearance of a 
Macedonian flag. 
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INTRODUCTION 

Thermochromism may be defined as the ob-
servable change in optical properties of materials 
as a function of a substance’s temperature. Materi-
als that undergo temperature-induced color change 
are named “thermochromic”. Systematic studies of 
this phenomenon date back at least to the 1870s 
[1]. Thermochromism is now observed in poly-
mers, organic materials [2], compound-containing 
metals and last, but not least, in inorganic materials. 

Thermochromism is the reversible change in 
color of a compound when it is heated or cooled. 
There are two classes of thermochromism. The 
first is a gradual change in color with increasing 
temperature, called ‘continuous thermochromism’. 
The second is a dramatic change in color that takes 
place at a specific temperature, or over a small 
temperature range, and it is called ‘discontinuous 
thermochromism’ [3]. Discontinuous thermochro-
mism in inorganic compounds is usually due to a 
solid-to-solid phase transition, which may result 
from a change in the coordination geometry 
around the metal centre, a change in a coordination 
number, or a change in the coordination ligands. 

Thermochromism is also displayed by some cop-
per(II) complexes [4–5]. 

Thermochromic compounds have become in-
creasingly important in recent years in the study 
and production of “smart coatings” [6], which are 
coatings that respond to their environment. As in 
any thermochromic material, there is a change in 
color with a change in temperature. Thin films of 
material such as Fe3O4, FeSi4, NiS, Ti2O3 and VO2 
can be used to control the infrared emission. 

Another type of thermochromism has been 
exhibited in compounds containing metals. The 
spectra of Ag2[HgI4] show, for example, the pres-
ence of an absorption band edge position that de-
pends on temperature. The band edge moves to the 
red region with the increase in temperature, though 
the red shift is not linear with temperature, but 
shows a marked increase at about 50 ºC. 

The yellow and red colors that appear on the 
thermochromic material Ag2[HgI4] relate to the 
colors of the Macedonian flag, and an interesting 
demonstration can be performed called “Thermo-
chromism of the Macedonian flag”. 
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EXPERIMENTAL 

Chemicals and accessories 

Mercury(II) iodide, HgI2, an aqueous solution 
of potassium iodide, an aqueous solution of silver 
nitrate, dissolving starch, two 100 cm3 beakers, 
filter funnel, filter paper, glass rod, selected yellow 
paper for drawing the flag, paint brush, hair dryer. 

Preparation of the aqueous solutions 

An aqueous solution of KI: 7.16 g KI is dis-
solved in 25 cm3 H2O. 

An aqueous solution of AgNO3: 7.35 g 
AgNO3 is dissolved in 30 cm3 H2O. 

Starch “solution” (actually a colloid): 10 g of 
starch is stirred into a small amount of cold water 
and then added to 50 cm3 of boiling water. 

Preparation of thermochromic paint 

Ten g of HgI2 is placed in a beaker in which 
25 cm3 aqueous solution of KI is added. The mix-
ture is stirred with a glass rod to dissolve the HgI2. 
The solution is filtered in order to separate the 
solid residue. Thirty cm3 of an aqueous solution of 
AgNO3 is added to the filtrate in small amounts, 
with constant stirring. A pulpy product, yellow in 
color, is obtained. The precipitate is washed with 
water several times, after which, while stirring 
constantly, small portions of the starch “solution” 
are added. The thermochromic paint that is pre-
pared with this process is painted onto the part of 
the yellow paper that represents the background on 
the Macedonian flag. The paper should be lami-
nated with plastic foil. 

Demonstration 

The presentation can be performed in differ-
ent ways, depending on the heat source. The paper 
can be heated with an IR lamp, although we also 
recommend using a hair dryer (Fig. 1). When the 

temperature increases to above 50 ºC, the Mace-
donian flag can be observed. It then vanishes upon 
cooling. For small samples of the Macedonian 
thermochromic flag, alternately immersing the flag 
into beakers containing hot and cold water is 
strongly recommended as a way of performing the 
experiment for small groups. For a large audience, 
video camera and a projector are necessary. 

 

Fig. 1. Demonstration of the thermochromism:  
Before (a) and after (b) heating with hair fan 
������������
��������������������� ���!��
���"���� ����#�$��
�����%�b��"�� ����#�$���.

RESULTS AND CONCLUSIONS 

The salt HgI2 is a solid substance with an in-
tense red color. The following reaction takes place 
when a solution of KI is added to HgI2: 

2KI(aq) + HgI2(s) = K2[HgI4](aq). 

Adding a solution of AgNO3 to the filtrate of 
K2[HgI4] precipitates a yellow sediment of: 

K2[HgI4](aq) +AgNO3(aq) = Ag2[HgI4](s).�
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The product is a complex salt silver tetraio-
domercurate(II). 

The complex salt Ag2[HgI4] is a thermochro-
mic substance that changes color from yellow to 
red at a temperature higher than 50 ºC. Upon cool-
ing of the substance the yellow color returns. The 
starch “solution” that is added to Ag2[HgI4] actu-
ally serves as a glue between the thermochromic 
color and the paper onto which it is applied. 

The part of the paper that is colored with 
thermochromic paint changes from yellow to red 
when the temperature increases.  

Notes 

The mercury and its salts are highly poison-
ous substances. Wearing protecting gloves is re-
quired when handling these compounds. 

If there is a lack of HgI2 in the school labora-
tory, it can be prepared by incorporating Hg and I2 
[7], or by mixing aqueous solutions of potassium 
iodide and mercury(II) soluble salt in a sto-
chiometric molar ratio. 

For the precise and successful preparation of 
large number of samples of the thermochromic 
Macedonian flag, the pattern of the flag should 
first be drawn. This can be done on a transparency 
for use with an overhead projector.  

In the event that the yellow color of the paper 
is not the same as the yellow color of the thermo-
chromic substance, the yellow parts of the flag 
could be painted with yellow water paint. 
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2KI(aq) + HgI2(s) = K2[HgI4](aq) 
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