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A thermochromic paint is prepared using Ag,[Hgls]. 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(Il) 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 Fe;0,, FeSi4, NiS, Ti,03 and VO,
can be used to control the infrared emission.

Another type of thermochromism has been
exhibited in compounds containing metals. The
spectra of Agy[Hgl,] 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 °C.

The yellow and red colors that appear on the
thermochromic material Ag,[Hgly] 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(Il) iodide, Hgl,, an aqueous solution
of potassium iodide, an aqueous solution of silver
nitrate, dissolving starch, two 100 cm’ 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 cm® H,0.

An aqueous solution of AgNOs;: 7.35 g
AgNO; is dissolved in 30 cm® H,0.

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

Preparation of thermochromic paint

Ten g of Hgl, is placed in a beaker in which
25 cm’® aqueous solution of KI is added. The mix-
ture is stirred with a glass rod to dissolve the Hgl,.
The solution is filtered in order to separate the
solid residue. Thirty cm’ of an aqueous solution of
AgNOQOs; 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 °C, 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
Ca. 1. JemoHCTpanyja Ha TEPMOXPOMU3MOT:
a) mpej 3arpeBame co ¢eH; b) Mo 3arpeBameTo.

RESULTS AND CONCLUSIONS

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

2KI(aq) + Hgly(s) = Ko[Hglsl(aq).

Adding a solution of AgNOs to the filtrate of
K,[Hgl,] precipitates a yellow sediment of:

K,[Hgli](aq) +AgNO;(aq) = Ag,[Hgly](s).

Bull. Chem. Technol. Macedonia, 24, 2, 157-161 (2005)
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The product is a complex salt silver tetraio-
domercurate(II).

The complex salt Ag,[Hgl,] is a thermochro-
mic substance that changes color from yellow to
red at a temperature higher than 50 °C. Upon cool-
ing of the substance the yellow color returns. The
starch “solution” that is added to Agy[Hgly] 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 Hgl, in the school labora-
tory, it can be prepared by incorporating Hg and I,
[7], or by mixing aqueous solutions of potassium
iodide and mercury(Il) 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.

TEPMOXPOMUN3AM HA MAKEJOHCKOTO 3HAME
(EKCIIEPMMEHT 3A CPEOJHOUMKOJIIN 1 CTYJEHTHN)
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IToproreeHa e TepMoxpoMHa 60ja co ynorpeba Ha Ag,[Hgls]. MakegOHCKOTO 3HaMe € HalpTaHO Ha
KOJITa XapTHja ! AeIOBATE O HAI[PTaHOTO MITO Tpeba fja 6MiaT BO IpBeHa 60ja ce 0O0EHN CO TEPMOXPOMHA
60ja. OboeHaTa xapTyja e mwiactudunupana. Kora remneparypara ce 3rojeMysa, 60jaTa ce MEHyBa Of KOJITa
BO IpBeHa. Pe3ynraToT e ApamMaTnyHa mojaBa Ha MAaKeTOHCKOTO 3HaMe.

Knyunu 360poBu: Tepmoxpomusam; Ag,[Hgly]; MaKeTOHCKO 3HaMe

BOBE/[]

TepMOXpoMU3MOT MOXe Aa ce AeuHupa
KaKo 3a0eJIesKUTeTHa MMPOMEHa Ha ONTHYKUTE
CBOjCTBa Ha CYICTaHIUTE Kako (PYHKIMja Off
Temneparypara. CyncrasiuTe Kaj KOu Ipome-
HaTa Ha TeMIeparypara Ipefu3BUKyBa IpoMe-
Ha Ha 6ojaTa ce HapeuYeHH TEPMOXPOMHHU CYTI-
ctaHiu. CucTeMaTCcKy Ipoy4yBama 3a 0BOj e-
HOMEH faTupaaT HajManky of npep 1870-tute
ropguHi [1]. [leHec TepMOXpPOMU3MOT HajMHOTY
ce IpoydyBa Kaj NHOJUMEpPUTE, OPraHCKUTE Ma-
Tepyjanu [2], coefrHEeHNjaTa KOU COfp>XKaT Me-
Taj U, HajIocje, HO He ¥ KaKO HOCIEAHHU, Kaj
HEOPraHCKUTE MaTepHja.

Taac. xem. iwiexnoa. Maxeoonuja, 24,2,157-161 (2005)

TepMOXpOMHU3MOT € pEBEpP3UOUIHA IPO-
MeHa Ha 0ojaTa Ha COEJUHEHUETO Kora Toa €
3arpeBaHo win najgeso. [locrojar nBa Bupa Tep-
MoxpomMusaM. IIpBHOT e mocreneHa mpomeHa
Ha 0ojaTa cO 3roJleMyBalb€ Ha TeMIepaTypaTa
U € HapeyYeH , KOHTUHYUPAH TEPMOXPOMU3aM".
Bropuot Tun e fpamatuyHa, MOMEHTaIHa IpO-
MeHa Ha 6ojaTa Ha ofjpefieHa TeMIiepaTypa uiu
IIpU cOceMa Maja TeMIlepaTypHa pas3JiMKa, U €
HapeyeH ,,JUCKOHTUHYUPAH TEePMOXpOMH3aM
[3]. JUCKOHTMHYMPAHUOT TEPMOXpPOMHU3aM Kaj
HEOpraHCKHUTE COElMHEHNja OOMYHO HacTaHyBa
nmopagy IPEeMUHOT Off €fHa IBpcTa ¢a3za BO
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Apyra, IITO MOXKe fia pe3yJITHpa co IpoMeHa Ha
KOOpJIMHAIIMOHATa TeoMeTpHja OKOJy IIeHT-
paJHUOT METaJ, IPOMEHA Ha KOOPIUHALMOHUOT
Opoj Wi MpPOMEHa BO KOOPAWHALMOHWUTE JIH-
ra"gu. TepMoXpoMU3MOT UCTO Taka € 3abere-
KaH Kaj HeKoM KOMIUIeKcH Ha jorn Ha 6akap(1l)
[4-5].

Bo mocnenHuBe rogHM TEPMOXPOMHUTE
COEJIMHEHNja CTaHyBaaT c¢ M03Ha4YajH! BO MpO-
y4yBamkETO W MPOU3BOACTBOTO Ha T.H. MHTEIH-
TEHTHU NpPEBIAaKH [6], CIIOEBH WITO pearupaar
Ha HUBHaTa okojuHa. Kako Kaj cexoj Tepmo-
XpOMEH MaTepujall, TakKa U Kaj HAB UMa poMe-
Ha Ha 0ojaTa co MPOMEHa Ha TeMIlepaTypara.
Tenku crnoesn ox Fe;0,, FeSi,, NiS, Ti,03, VO,
MoOXaT fa OMfaT ynoTpeOeHH! 3a KOHTpOJIa Ha
nHQPALPBEHOTO 3pavucHe.

Jpyr Bu TEpMOXpOMHU3aM MOKE Jia Ce TI0-
Kaxe co CoelluHeHuja kou copipxkaTt metanu. Of
BUUIMBATE crieKTpU Ha Agy[Hgls] ce mokakysa
3aBHCHOCT Mefy Mo3WnujaTa Ha TpaHMIlaTa Ha
ancopluMoHaTa JeHTa U Temneparypara. Ume-
HO, CO 3rOJIEMyBal-€TO Ha TeMIlepaTypaTa rpa-
HUIIaTa Ha alCOPIIMOHATA JICHTa ce MOMEeCTyBa
KOH IjpBeHaTta obnacT. [TomecTyBameTo He € nu-
HEapHO CO TeMmIiepaTypaTa 1 MOKaxKyBa 3HauUuTe-
JIEH TIopacT Ha Temmnepartypu o okoay 50 °C.

XKonrata u ipBenara 60ja, IITO ce MOjaBy-
Baar OJf TEpPMOXpOMHAaTa cyncrania Ag,[Hgl], ce
MOBP3aHU cO OOMTE HAa MaKeAOHCKOTO 3HAME U
MOXe Jla ce U3BeJle MHTepeceH TeMOHCTPAINO-
HEH EKCIIEPUMEHT HapeydeH ,,TePMOXPOMU3aAM
Ha MakKeJOHCKOTO 3HaMme".

EKCITEPUMEHTAJIEH JEJI

Xemuraauu u ipubop

Kugsa(Il)jonun, Hgl,, BogeH pacTBOp oOf
KaJuyM jOfUf, BOAEH pacTBOp Off cpeOpo HU-
TparT, pacTBOPIUB cKpoO, e uamu of 100 cm’,
VHKa 3a QuiTpupame, (WITEpHa XapTyja,
CTaKJIeHa MpadyKa, XapTHja CO COOJBETHA KOJ-
Ta 60ja, yeTka 3a 60eme, (peH 3a Koca.

Tloozotioska na 600HuUlle paciiBopu

Bopen pacteop op KI: 7,16 g KI ce pactBo-
paart Bo 25 cm’ Bofia.

Bopen pactBop og AgNOs: 7,35 g AgNO;
ce pacTBopaat Bo 30 cm’ Bojia.

CkpoO6eH ,,pacTBOp* (BCYLIHOCT KOJIOUICH
c6mn): 10 g pacTBOpIUB CKPOO ce pa3MaTyBa BO
MaJIKy JajjHa Bojla U ce fofiaBa Bo 50 cm’ Bofia
3arpeaHa o BpUEHE.

Toozotioska na tiepmoxpomua 6oja

W3mepennte 10 g Hgl, ce craBaaT BO 4a-
1Ia BO KOja MPETXOfHO MMa AOAafAcHO 25 cm’
BosieH pactBop off KI. Ce Mema co cTakieHa
npayka 3a jga ce pacrBopu Hgl,. [JoOueHuoTt
pacTBop ce puiITpEpa 3a Ia ce W3[ABOM Hepac-
TBOPEHUOT OCTaTOK. Bo punrarpaToT Bo Manu

KOJIMYECTBa CO TOCTOjaHO Melllame ce JAofa-
BaaT 30 cm® Off BOGHHOT pactBop o AgNO;. Ce
mobuBa KaIecT MpOAYyKT co KoiTa 6oja. Tamo-
rOT Cce IUIaKHE CO BOJia HEKOJIKY MaTH, a N0Toa,
CO TOCTOjaHO Melllame, ce loflaBaaT MaJjH Mop-
LMK Of CKPOOHUOT ,,pacTBOp“. TepMoxpomHa-
Ta 00ja LITO € MOArOTBEHA CO OBOj MPOLEC Ce
HaHeCyBa Ha el Off >KoJITaTa XapTHja IITO ja
MpeTcTaByBa MO3aMHaTa Ha MAaKeJOHCKOTO
3HaMe. Hakpaj xapTtujaTta Tpeba ga ce miacTu-

¢punupa.

Lemoncitipayuja

IIpe3enTanujaTa MoXe fa ce MOKaxe Ha
pa3IMYHA Ha4YMHU, BO 3aBHCHOCT OJf M3BOPOT
Ha TOIUIMHA. XapTHjaTa MOXE ja Ce 3arpeBa co
IR mam6a, HO UCTO Taka NIpenopavyyBame yno-
Tpeba Ha (peH 3a koca (cn. 1). Kora Temmepa-
TypaTa € 3rojieMeHa Ha okoay 50 "C, MakejoH-
CKOTO 3HaMe MOxKe fa ce 3abenexun. Toa mc-
4e3HyBa CO JIafiele. 3a MalH MpUMEpOIy Ha
MakeJIoHCKO 3HaMe ce IpenopadyBa €HOIO-
APYyro NOTOMyBamke BO Yallld CO TOIUIA M JIaHa
BOfla, KaKO Ha4MH 3a U3Be[yBarhe Ha E€KCIepH-
MEHTOT 3a Maju rpynu. 3a nobpojHa nmyoauka
ce HeOITXO[[HU BHUfIeO-KaMepa 1 IIPOEKTOoP.

PE3YJITATHU U 3AKIIYHOLIN

Conra Hgl, e uBpcra cyncrasma co HHTEH-
3WBHO IpBeHa 0oja. PaBeHKaTa Ha peakiyjaTa

ITO cnefyBa Kora pactBopoT of KI ce gonasa
Bo Hgl, e:

Bull. Chem. Technol. Macedonia, 24,2, 157-161 (2005)
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2KI(aq) + Hgly(s) = Ky[Hgl4](aq)

IIpn popmaBame pactBop on AgNOs; KOH
¢untpatoT of Ks[Hgls] ce Tanoxu xKonT Tasor
on Agy[Hgly]:

K>[HgL](aq) +AgNOs(aq) = Ago[HgL](s).

ITpoayKT e KOMIUIEKCHa COJT KaJTMyMOB Te-
Tpajoqomepkypat(ll).

Komnnekcnara com Ag,[Hgli] € Tepmo-
XpOMHa CyIICTaHIla Koja ja MeHyBa OojaTa of
>KOJITa BO IJpBeHa Ha TeMIepaTypH MOToJlIeMH
o 50 °C. Kora cyncranuarta ce Jaju, XO0JTa
00ja ce Bpaka. [lomaBambeTo Ha CKpOOEH ,,pac-
TBOP“ KOH Ag,[Hgl,] BCcymHOCT ciny>ku Kako Jie-
MuIo ToMefy TepMOXpOMHaTa CyICTaHla H
XapTHUjaTa Ha KOja Taa ce HaHecyBa.

Jenor ox xapTujaTta mTO € 0O0EH CO Tep-
MOXpOMHa 00ja ce MeHyBa Of >KOJITO BO IL[pBe-
HO KOTa TemIiepaTypara ce 3rojieMyBa.

3abenemku

KvBaTa W Hej3WHHUTE CONU CE CHIIHO O-
TpoBHU cyncTaHnu. HoceweTo 3amtuTHu pa-
KaBUIM € 3aJOJKUTENHO MpH padoTa co OBUE
COeNIMHEeHH]a.

AKO BO yumiumIHaTa JabopaTopujaTta He-
ma Hgl,, Taa Moxe f1a ce mobue co coenuHyBa-
we Ha Hg u [ [7] nim co Memame Ha BOIHU
pacTBOpU BO CTEXMOMETPHUCKHA MOJIAPEH OHOC
Ha KaJIMyMjOIu]] U PAaCTBOPIUBA COJ IITO COMP-
xu jonn Ha kuBa(Il).

3a mpenus3Ha M ychellHa u3paboTKa Ha
norosieM Opoj NpUMEpPOLU Off MaKEeZOHCKOTO
3HaMe, IpBO Tpeba Jla ce HaupTa IIallIoH Ha
3HamMeTo. Toj Moxke ma ce uzpabotu of doinuja
3a rpacocKor.

Bo cnyuaj kora xonTara 60ja Ha xapTuja-
Ta HE € CIWYHa CcOo XojTaTa 60ja Ha TepMo-
XpOMHATa CYICTaHIa, XOJITHOT JIeJl Of] 3HaMe-
TO MO3Ke J1a ce 000m co K0JITa BOfiHA 00ja.
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