CHEMICAL ALCHEMY: COPPER INTO SILVER AND GOLD!-

MATERIALS:

powdered zinc

$ M NaQH

ring stand
burner _
evaporating dish
tongs

steel wool

beaker with water

PROCEDURE :

1. Put about 4 grams of powdered zinc into the dish.
Put enough of the NaOH into the dish to fill the dish
about one-third.

2. Place the dish over the burner and carefully heat
to boiling.

3. Thoroughly clean a Copper penny (steel wool! works
well) and gently place it into the boiting mixture in
the dish.

4. Allow the penny to remain in the boiting NaOH for
2-3 minutes, or until it becomes a silver color,

S. Remove the Penny, rinse with water and carefully
blot dry with paper towels. Otherwise the zinc coating
will rub off.

{In this step the zinc reacts with the sodium
hydroxide to form sodium Zincate, N322n02

which 1e reduced to metaliic zinc by the copper in
the penny. You could tell your class that your
alchemy has changed the cepper irnto silver.)

é. Using tongs hold the dry, zinc-coated penny in the
flame of the burner. In a few seconds a gold color
cshould appear. Remove the coin, allow to cool and
displiay to the class.

(In this step the heat causes the zinc and copper
to fuse into an alloy of brass.)

HAZARDS ;

The hot sodium hydroxide is Caustic. Goggles and apron
should be worn. Students should be some distance from
the boiling NaOH.
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. Colorful Copper Compounds

An Interesting Copper Phenomenon
Publication No. 279

Introaduction:

Are all copper compounds the same color? How about their solutions? Dissolve some and observe this interesting, colorful

phenomencn about copper compounds. COPP {er:[ b\’t} i GL?, + wa-‘er..}
Chemical Concepts: C@ dﬁ‘rﬂ?\\d‘e ¥ Bomivg
» Transition metals ?W

* Complex ions

Materials Needed: Co M c,h\OY\di"' W(ﬂW%’

Cupric bromide, anhydrous, CuBr,, 6 g Balance _ i dJ. + Q@'\bﬂi‘ 5
Cupric chloride, anhydrous, CuCl,, 6 g Beakers, 400-ml., 3 CDW W.i A* ) 3
Cupric sulfate, anhydrous, CuSQ,, 6 g Stirring rods, 3 i £ w&ép o) =3
Distilled or deionized water QQ ¥ bﬁ}i.’%@\;ﬁ +

- y .p@g o
Caution: W ' g+ SuACAd

This activity requires the use of hazardous components and/or has the potential for hazardous reactions. Please review the
Safety Precautions section on the following page and relevant Material Safety Data Sheets before beginning this activity.

Procedure:

1. Weigh out approximately 6 g of cupric bromide, 6 g of cupric chloride, and 6 g of cupric sulfate in three separate, clean,
dry, 400-mL beakers.

2. Before proceeding, observe and record the color and crystalline properties of the three anhydrous solids. Make a record
chart. [Cupric bromide is a black crystalline solid, cupric chloride is a light brown powder, and cupric sulfate is an off-
white powder.] '

3. Add approximately 20 mL of distilled water to each beaker and, without stirring, make observations. Record observations
and color changes. [The beaker of cupric bromide contains a rust-colored solid with a yellow-green solution, ithe beaker of
cupric chloride contains a green solid with a green solution, and the beaker of cupric sulfate contains a blue solid with a

. blue solution.]

4. Add 20 mL more of distilled water to each beaker and, with stirring, observe the slight difference in the color of the solutions.
What color are the three solutions? [Cupric bromide solution is green, cupric chloride solution is teal, and cupric sulfate
solution is blue.]

5. Continue adding water (approximately 100 mL) with stirring. What is the end result? [All three solutions are the same
blue color.]
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Discussion:
etals is fhal their C'lmpmmdﬁ are usually colored (both as solids and in

as soi:és Jand cofmlcqs in solu[mn In simplest terms, this
rons while main Ufoup metals do a0l

One of the most interesting pmperues of
solution), while those of the ‘main group. met ar
phenomenon is attributed to the {act that transition marais have unprumi de

Many transition metalions form complex ions (also called coordination compounds), which are Lomplcnq imtwee"i the metal
atom or jont and neutral molecules or anions (called ligands). in solid form and in solution, coordination comipeunds display a
rainbow 0f vibrant colors. C -opper (I compouﬁds when dissolved in water, tend to form blue ¢ soluflom This is because the cop-
per {IT)-ion, whether from copper (IT) Silfate, ( copper { 1} bromide, s.\mper {h} chioride, or another ¢ copper (11} com pmmd forms a
Lopper (H}ﬁwater complex i ion, {Cu(H O) 1%, where n = 4 or 6.

Transition metal complex ions, such as the co;)ner (H-water I T
complex fon. are colored because trausmon metals have only par- . oy 2 _
tially filled d subshells, de Vthu=; have unpatrn,d d e]eclrom In | LL m
. coordination. compounds, the five d orbitals (xy, vz, x7. P f BonoY i tieht absorbed) ~ i
-are not degenerate, or equal energy, orbitals. Instead; the xv, ¥Z, | A¥ooxzowE W %z
H

and xz orbitals are appr()mmate!y dﬁgcncratn lying lower in | Ground State Oy  Excited State Cy™ f
cnergy than the two degenerate x’~y? and 2* orbitals. If an elec- i : o e

“trodin the Xy, ¥z, or xz orbitals ab:orbs energy in the form of ight, ’U" ex gm,d to one of the higher ener
(see fi igure). In the case ot copper i xons m sohmon ihe LOErTY « of tE*c 3 > red-orange-
‘yeilow rcgum of tﬂc—\—ﬂ:zb fe spectrum, ancordmw to the equation A : wing batveen the
orbitals and A represents the wavelength of light. The transmitted wa vei._fzgihs of iwh* sorresponrd to violet, ‘&im,, wnd green colors:

and, as a result, the solution appears blue (since the transnritted wwcimwi‘n&. are those parceived by the eye).

Z

E —2 or 22 orbitals

In addition to coordination compounds, transition metals can 2iso form simple binary compounds with ions such as chioride
or bromide. The three copper compounds used in this demonsiation, Cus0,. CaCl,. and CuBr,, display differeat colors in the
solid, anhvdmuq state. The reasons for this are quite complex amd nct fuily undersic od. Xt may be due to the size o7 shape of the
anion attached tothe copper ion or it may be due {0 the bond length herween the ions. While neardy-all complexes and ¢ compounds
of copper are blue or green, cxceptions seem (o be caused by strong ultraviolet bands (charge-transfor hands) tiling off into the
blue end of the visible spectrum which cause substances 1o appear various colars, suclt as red or brown or bl lack. Far further infor-
mation on cnordma’uon chemisiry and cry sm} field theory, refer 1o the refererces mrovided. :

Safetv Preeautiong:

- Cupric chioride is highly texic by mﬂt.silon and inhalaticn and is 4 oody Hssue
irritant and is.moderately toxic by ingestion and inhalation. Cupric bromide is ¢ mild tissue feritant. Avoid 4! contact with eyes.
skin, and ciothmg Wear chemical splash goggies, chemaCm resistant gloves and a chemical-resistant apron.

i

iritant. Cupric su}fair. is & skin and respiratory

Disposal:

Fhish all qoiutl{}ns down the drain with generous aumuuu Gl water aoeord
Piease consult your current Flzrm C/zemwa! & Biologice! C Hffu’c Reference Ma

: 1 Flinn Suggosted Dispesai Mothod #2065,
for proper disposal procoda
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' \/Iatenals for Colorfnl Copper Comuounds are available from Flinn Scienmf ie, Inc.:

—— SRS - PRI .
Gata tog No. Bescription :
c6210 Cupric bromide, 25 g ] __
€282 . | Cupric oliloride, 25 5 ! f
0215 Cupric sulfate, 258 5 i i
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