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Experiment 19 

SYNTHESIS OF THERMOCHROMIC MATERIALS 

 

Objective 

The purpose of this experiment is to synthesize a solid with a thermochromic 

property from diethylamine hydrochloride and copper(II) chloride, and to observe its 

color change as temperature varies(1)
. 

 

Lab techniques 

 Weighing chemicals. 

 Operating hot plate, dispenser, and centrifuge. 

 Carrying out crystallization and decantation. 

 

Introduction 

Thermochromic materials are substances that change color with temperature(2). 

They can be divided into two types: the one having a gradual color change as 

temperature rises (continuously thermochromic), and one whose color change occurs 

over a narrow temperature interval (discontinuously thermochromic)(3). For inorganic 

solids, discontinuous thermochromism often involves solid-solid phase transition. 

This transition is most often due to a change in crystalline phase, a change in ligand 

geometry, or a change in the number of ligands in the coordination sphere. 

Some copper complexes are thermochromic(1). For example, the complex 

[(CH3CH2)2NH2]2[CuCl4] synthesized in this experiment is bright green at room 

temperature but turns to yellow at high temperature. The cause of this color change is 

a change in the geometric orientation of the four ligands around the central copper(II) 

ion, [CuCl4]
2-. At room temperature, the four ligands chloride ions surround the 

copper(II) ion in a square planar structure (Fig. 19-1(a)), while the ammonium ions 

((CH3CH2)2NH2
+) are outside the coordination sphere of the [CuCl4]

2- complex ion. 

When temperature rises, the original square planar geometry of [CuCl4]
2- shifts to a 

distorted tetrahedral structure (Fig. 19-1(b)). Base on crystal field theory, the splitting 

energy of d-orbitals has changed and d-orbital electrons absorb visible light with 

different wavelength, then the complex ions show different color(5). 

 



 2  NTU - Experiment 19  Synthesis of thermochromic materials 

 

Apparatus 

Hot plate, centrifuge, centrifuge tube (4), test tube (3), test tube rack, septum stopper 

(4), glass rod, beaker (100 mL), dropper (2), spatula, Styrofoam cup (for ice-water 

bath), rubber band, thermometer, vortex mixer (shared). 

Chemicals 

Copper(II) chloride, CuCl2 

Diethylamine hydrochloride, (CH3CH2)2NH HCl 

Isopropyl alcohol, CH3CHOHCH3 

Diethyl ether, C2H5OC2H5 

Procedure 

1. Weigh 0.001 mol of copper(II) chloride and 0.002 mol of diethylamine 

hydrochloride to a clean and dry centrifuge tube.  

Note 1: Write down the formula in prelab report to help your synthesis. 

Note 2: The complex to be prepared is sensitive to water. All glassware used 

should be dry. 

2. Add 1 mL isopropyl alcohol to the tube, and stir the mixture with a glass rod to 

dissolve the solid reactants. As green product appears gradually, place the 

centrifuge tube in ice-water bath and stir the mixture continuously. 

3. While synthesis and crystallization is complete, centrifuge it for ca. 1 min. Decant 

the solvent isopropyl alcohol to a test tube and cap with a septum stopper to store 

the organic solvent waste.   

4. Add 1 mL of cold diethyl ether to the green product in centrifuge tube. Stir and 

mix well with a glass rod to wash the product (vortex mixer is also available). 

Replace the tube in ice-water bath to keep crystallization complete. 

Note: You may take 5 mL diethyl ether in a dry test tube. Cap and store it in 

ice-water bath beforehand. 

5. Centrifuge for 1 min and decant the organic solvent layer to the waste. 

Note: Refer to the experimental skills videos to learn how to perform centrifuge. 

                                                                                                                                                                                                                     

(a) Square planar, green (b) Distorted tetrahedron, yellow 

Figure 19-1  Geometric structures of [CuCl4]
2- at (a) low, and (b) high temperatures. 

     represents Cu2+,   represents Cl
－
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6. Repeat previous procedures to wash the green product with cold diethyl ether 

several times until the organic solvent layer appears colorless. 

7. Use spatula take some product to a clean and dry test tube. Wash the product with 

another portion of diethyl ether, then allow the test tube with product stand in 

ice-water bath to chill. 

8. When the green product has been settled out, decant most of the solvent. Place the 

tube with product in the warm water bath (about 40oC) to evaporate residual 

diethyl ether and let product dried. 

Note 1: Wash your product thoroughly to increase the purity. 

Note 2: Conduct the evaporation of organic solvent in fume hood. 

9. Tie up the test tube containing purified green product with a thermometer. 

Immerse the tube in a water bath and heat it up slowly to examine the color of 

green product changes with temperature. Record the thermochromic transition 

temperature (Fig. 19-2). 

10. Replace the tube into ice-water bath to observe if the thermochromism is 

reversible. 

11. Waste disposal: Dissolve the solid product with small amount of water and 

dispose to heavy metal waste container. Combine and dispose the organic solvent 

to the organic waste bins. Wash the tubes and clean up the benchtop. 
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Figure 19-2  Heating the green thermochromic product in water bath.  


