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EKCIIEPUMEHTU 3A ®PEHOMEHMU HITO CE BO BPCKA
COTOIEMMHATA HA YECTNYKHUTE

PARTICLE SIZE PHENOMENA EXPERIMENTS

Metomuja Hajnockn u Bnaguvup M. IlerpymeBckn

Hnctauinyiu 3a xemuja, [pupoono-matiemattiuuxu axyaitieit, Yrnusepauitein “Ce. Kupua u Meitioouj”,
Apxumeoosa 5, u. ¢pax 162, MK-91001 Ckotije, Peiitybauxa Makedonuja

JlecHo MoXe fla ce MoKaXe fieKa JOKONKY IIHIKa
IHK ce TMOTONM HEKOJKY MUHYTH BO pacTBOp Of Gakap
(IN)cyndpar, Taa 6p30 ce MpeKpHBa CO IPHA cKpama (WIn
AypH W IpaB, akKO PacTBOPOT € KOHIEHTpHpaH). Bo co-
TJIACHOCT CO eJIEMEHTapHHUTE II03HaBama Ha XEeMHCKaTa
PEeakTHBHOCT, [[pHATa CyICTaHIa Tpeba fja ce ueHTuu-
1nupa kako 6akap. 3o1To, Toraumi, 60jaTta e pHa?

IIpn pmobpo mo3HaTaTa peaknuja Mely IHWHK ¢
XJIOPOBOJIOPOAIHA KHCEJIMHA YeCTOIAaTH MOXKe Jla ce 3a-
Genexxu hopMuparme Ha LpH Npas (,[IOIpHYBabe Ha IIUH-
kor“). IllTo mpercraByBa, Of XeMHCKa TIJIefHA TOUKa,
I[pHATAa CylncTaHna?

KJIy‘lHl/I 360p0Bl/12 XEMHUCKHN CKCIEPUMCEHTHU; NEMOHCTpa-
ouu; CbeHOMeHI/I BO BpCKa CO rojieMmHaTta Ha 4ec-
TUYKHUTE; paceija}Le Ha CBETJIMHa

YBOJ

ITocnepHUBE HEKONKY TOMHA OEBME aHTra-
>KMpaHU CO W3BelyBambe Ha JEeMOHCTPALMOHU
eKCIIepUMEHTH BO XemmjaTa. Ha BakBHTE ek-
CIIEPUMEHTH UM € IIOCBETEH MOroJIeM OpOj KHHU-
ra [1-6] koW NOKpWBaaT IMIMPOKO IOfpadyje.
CrioMHaTH ce CTOTHUIM €KCIHEePUMEHTH, OMNuIIIa-
HU Ce WUCHpPIHU HaOJbylyBama, MHOTY YeCTO
NPOCNEfeHN cO NOoApoOHN o0jacHeHHja. MOXKHO
e Jla ce u3Befie rojeM Opoj Off OBUE EeKCIepH-
MEHTH W Ha TOj Ha4WH fla c€ BHECE MOrojema
>KMBOCT BO IIpeflaBambaTa.

Bo koHTekcT Ha FOPHOTO, HOPAHO WK TIO-
JOIIHA, MpefaBavoT Ce COO4YyBa cO (DEHOMEHHU
KOW HUKOTail He Owjie 3aJoBOJIMTETHO objac-
HETH, MaKO HEKAaKBO OOjacHEHHE MOpaylo fa
Oupie AafeHo 3a pe3yJITaTUTE Off eKCIIEpUMEH-
TOT. Bo OBOj Tpyn Ke GupgaT cmoMHATH JiBa J0-

It can be easily shown that if a zinc rod is immersed for
several minutes in CuSQOy solution it is readily covered with a
black layer (or even powder, if the solution is concentrated).
According to some elementary knowledge of chemical reactiv-
ity, the black substance should be identified as copper. So, why
is it black?

During the well-known reaction between zinc and hy-
drochloric acid, a formation of black powder (“zinc blacking”)
may be noticed very often. What is the chemical nature of that
black substance?

Key words: chemistry experiments; chemical demonstrations;
particle size phenomena; light scattering

INTRODUCTION

For several years, we have been engaged with
lecture experiments in chemistry (i.e. chemical
demonstrations). There are many books on this
subject, covering a wide area of chemistry [1-6].
Hundreds of experiments are described and thor-
ough observations followed with detailed explana-
tions are often given. One may successfully per-
form a number of these experiments, making the
lectures more vivid.

In the course of these activities, sooner or
later, one inevitably comes across some phenomena
that have never been satisfactory explained, al-
though the observations are such as to require an
explication. Two related and well-known experi-
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Opo mno3HaTH ekcnepuMmeHTa. Mako pesynra-
THTE OfI EKCIEPUMEHTOT CE€ BO IEJOCHA CIpO-
THBHOCT CO OYeKyBamarTa Oa3WpaHM Ha ce-
KOjJHEBHOTO UCKYCTBO, KOJIKY IITO HH € NTO3Ha-
TO, JOcera 3a HUB He OWJIO TIOHY/IEHO HMKAaKBO
objacHenue. BoonmTo He ce coMHeBame AeKa
Ha rojeM Opoj IpefaBaydd, CeKako, um Ousqe
jacHu TPUYMHWTE INTO JOBEAyBaaT /IO OBHE
¢enomenu. Ce paboTu 3a Toa JieKa, Kora ce
U3BeyBaaT IEMOHCTPAIMOHN €KCIEPUMEHTH 32
CTY[ICHTH WM CPEJHOIIKONIHW, AYpPU U TpH-
BHjaliHU pabotu Tpeba fa ce objacHAT. Ayau-
TOPUYMOT, UIMEHO, TO COYMHYBAaaT MOYETHUIIH,
a He CTpPy4maly CIIOCOOHM CaMHTe Aa CU Ipo-
TOJKyBaaT c¢ MITO 3a0eexyBaar.

OJJBPAHUN EKCITEPMMEHTHU

(1) BepojaTHo, 6apeM epHall, cTe ja U3-
Belle peakinyjaTta nmoMmery 1uHK u 6akap(Il)cyn-
¢at, Moxkebn KaKO JEMOHCTpAlMOHEH eKcIe-
PUMEHT 3a NMpUKaXyBame Ha peaKTHBHOCTA Ha
pasnuyHu eneMeHTH. Kako mrTo ce riema of
paBeHKara:

2+ 2+
Zn+ Cu” = Cu+ Zn

[OUHKOT I'0 UCTHCHYBA 6aKapoT, HO HAMECTO cja-
jHa IpBEHA CyICTaHIa ce AoOuBa IpHa CKpama
(cn. 1a). [lanu HemTo He € BO pef CO TeopHja-
ta? Winu, nak, gqpHaTa CyncTaHIa € cemak Oa-
Kap, HO BO HEKOja HEMo3HaTa aJoTPOICKa MO-
mucpukanyja?

OnroBopoT Ha obeTe Ipallama € HeraTu-
BeH. Ce e BO pepl co TeopHjara, a U IpHaTa CyI-
cranna e oouyeH 6akap. Cemak, 3a fa ce yoenu
ayAUTOPHUYMOT, TOOPO € OBa fa ce JOKaKe Ha
HEKOj (M0 MOXKHOCT HEe MHOTY KOMIUTMIPaH)
HauuH. [Togony B mpepiaraMe Kako jia ro cro-
pute Toa.

JokonKy Ha pacnoyiaralke MMmaTe Ipeca
(Ha mp. mpeca 3a MPHUTOTBYBame TaOJIETKU 3a
CIIEKTPOCKOICKH HMCHHUTYBama), JEMOHCTpAId-
jaTa MOXKe efHOCTaBHO Aa ce m3Bepe. Ilpep ce,
notpedHu ce okony 0,5 g ,,upH Gakap“ (cn. 1b),
Ia Tpey Aa ce MOYHEe CO eKCIIEPUMEHTOT Tpeba
lla ce OCTaBM efjHa Mpayvka Of IWHK Jla CTOM BO
pactBop o CuSO, Hekosky 4aca. ITpamokor
ce cobupa, ce CyIIM W Ha IpecaTa ce IIpaBH Ta-
OneTka (ofyMueH pe3yaTat ce mobusa co ~ 10
t/cm’, T.e. okoiy 1 GPa). Ha ronemo usHeHapy-
BamE€ Ha IPUCYTHUTE, IPHUOT NPAIIOK ce IpeT-
BOpa BO cjacH 6akapeH uck (ci. 1¢).

ments are mentioned in this paper. Although the
observations are in complete disagreement with
expectations based on common experience, to the
best of our knowledge no explanation has ever
been offered. We do not doubt that many lecturers
must have identified the true cause of the phe-
nomenon. However, when doing lecture experi-
ments for students, one must bear in mind that even
trivial things must to be explained. The reason is a
simple one: the audience is far from being experts
capable of explaining everything they observe.

EXAMPLE EXPERIMENTS

(1) We do believe that you have already per-
formed (at least once) the reaction between zinc
and copper sulphate, probably as a school (lecture)
experiment to demonstrate and compare various
elements reactivity. As shown by the reaction:

Zn+ Cu” = Cu+ Zn*

copper is substituted by zinc, but instead of a
glossy red substance, a black one is obtained (Fig.
la). Is there anything wrong with the theory? Or,
perhaps, the black substance is copper but of some
unknown form/allotropic modification?

The answer to both questions is negative.
Everything is fine with the theory, and the black
substance is an ordinary copper. But to convince
the class, it may be a good idea that you prove this
in some way, preferably not very involved. We pro-
pose the method outlined below.

If you have a press available (typically one
that IR spectroscopists use), this could be done
fairly easy. First of all, you need at least 0.5 g of
the “black copper” (Fig. 1b), so prior to the demon-
stration you should leave another zinc rod in a
CuSO, solution for several hours. Collect the pow-
der, dry it and make a pellet using the press (about
10 t per cm2, that is about 1 GPa, gives excellent
results). The black powder turns into shiny copper
disk, to the great astonishment of the students (Fig.
1c).
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C

Ca. 1. (a) [Ipauka 1uHK, HOTONEHA BO BofieH pacTBop off CuSO4 (;1eBroT Kpaj) u of [Cu(NH3)4]SO4 (RecHHOT Kpaj);
(b) mparok ox “upH 6akap”; (c) cjacH Auck (TabneTka) JOOUEH cO IIpecyBame Ha “UPHUOT Gakap”

Fig. 1. (a) Zinc rod immersed in aqueous solution of CuSOy (left part), i.e. [Cu(NH3)4]SO4 (right part);
(b) “black copper” powder; (c) shiny disk (pellet) obtained by pressing “black copper”

JlokonKky HemaTe Ipeca Ha paclolarame,
MOXKeTe Jla MOCTalNuTe BaKa: IPHUOT MpaIloK ce
IaKyBa BO MeTaiiHa ¢onuja (Ha Ip. Off aTyMUH-
WyM), ce cTaBa Ha MeTallHa TuIoYa W CHJTHO Ce
yAMpa CO TEXOK 4YeKaH. Ymapor (Koj, BCyII-
HOCT, JJOBEyBa 10 CIENyBambe Ha YSCTHIKHUTE)
e MpocJefieH cO cHeKTaKyjapHa NpoMeHa Ha
0ojaTa.

ITo oBa MOKe fa ce maze IEJIOCcHO objac-
Henue. Lpuara cyncranna (¢puHO crnpaiieH 6a-
Kap) ce COCTOM Off M3BOHPETHO Malll YeCTHUKHY,
IITO ja pacejyBaaT CBeTJIWHATa MHOTY edu-
KacHO. Kako pe3ynTaT Ha BaKBOTO pacejyBame
[0 OKOTO NPaKTHYHO He ce pedieKTHpa HUILITO
Of] CBETJIMHATA IITO Mafa Ha MpalIoKoT — 3aToa
cyncraHmara € 1nOpHa. lonemumHata Ha
yecTHYKHATe Oakap (WM Ha MUKPOCKOIICKHTE
MOHOKpHCTaN Off 6aKap) 3aBUCH Off Op3WHaTa
Ha peaklyjaTa, a Taa € JocTa rojema BO OBOj
ciy4daj. PesynrtaT Ha oBa e co3faBame roiem
OpOj KpHUCTaJHU 3apOfyIlIM KOM HE MOXaT Ja
M3pacHaT MO3HAYUTENHO U foafa 1o edukacHO
pacejyBame Ha CBETIHATA.

Ce pa30bupa, MOXHO € fla ce jobue H6akap
Bp3 IIMIKA Of] IIMHK BO BUJ] Ha TIOTOJIEMH MOHO-
KPHCTaJId, KaKO KOMIIAKTEH CJI0j CO cBojaTa
KapaKTEepUCTH4YHA IpBeHa Ooja. BakBmoT exc-
NMEpUMEHT HCTOBPEMEHO MOXe [la MHOCTYKU
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If you do not have a press, you may do the fol-
lowing: pack the black powder in a metal foil (an
aluminium one works fine). Then, put the package
on a metal plate and give it a strong hit with a
heavy hammer. The hit (which actually induces
agglomeration of the particles), is followed by a
spectacular colour change.

After this, a full explanation may be given.
The black substance (fine powdered copper) con-
sists of very small particles which scatter the light
very efficiently. Due to this scattering, virtually no
light is sent back to the eye — that is why the sub-
stance looks black. The size of copper particles (or,
better, of the microscopic monocrystals) is a func-
tion of the reaction rate which is rather high in this
case. As a result, large amount of crystal nuclei
occur, the monocrystals do not grow considerably,
and efficient scattering takes place.

You may, indeed, obtain copper on a zinc rod
in a form of larger monocrystals, as a compact
polycrystalline layer with its characteristic red col-
our. This may serve, at the same time, as an alter-
native/additional demonstration of the true nature

AfF tha hlanly vnaxrdaw? Ta annnmanlich thin o anlhl
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KaKoO aJTepHATWBHA WIU AOJAaTHA AEMOHCTpa-
IIMja co Koja ce JOKaXKyBa BUCTHUHCKATA MPUPO-
la Ha IPHUOT Tpamok. 3a Jjla ce U3Beie OBa,
HEOIXOIHO € 3HA4YMTEeNHO fja ce Hamaiu Op3u-
HaTa Ha peakumjata. Efen (BepojaTHo HajeHO-
CTaBeH) HAuYWH Jla Ce HANpaBU OBa € Jla ce Ha-
Manu KoHleHTpanujata Ha 6akap(Il)cyndaror.
Ho, Bo MHOTry paspemeH pacTBop 0akapoT 3a
KYCO BpeMe Ke ce MOTPOIIX 1 MOXKHO € Jia He ce
mo0ue 04eKyBaHUOT PE3yITaT.

ITocTou epeH moejeraHTeH HA4uH fa ce
pemm mpobiIeMOT, HaUMH KOj ce Oa3mpa Ha
CBOjCTBaTa Ha aMOHMja4YHHOT KOMIUIEKC Ha Oa-
kapot — [Cu(NH;),]™. OB0j KOMILIEKC ce OfTH-
KyBa co rosiemMa crabmiHocT. Toa 3Hauu gexa
KOHIleHTpanujaTa Ha Cu’* joHuTe BO PacTBOPOT
Ke Oujje HUCKA U K& OCTaHyBa MPAaKTHUYHO KOH-
CTaHTHa 3a BpeMe Ha peakuujaTta. Peaxmmjara
cera Ke ce Ofj[BUBa MHOTY GaBHO (MOXaT f1a Ou-
maT MoTpeOHM JAypH HEKONKYy dYaca 3a jja ce
dopmupa Gakapuuor Gunm). Ce mnpepara
WcTaTa MIMNKA Off [WHK ja Oupie ynmoTpedeHa Bo
obaTa eKkcleprMEeHTa: eJHUOT Kpaj 3a eKcIe-
pumenToT co 6akap(Il)cyndar, a ppyruor 3a
ekcriepumeHToT co [Cu(NH;3)4]™ KOMIIIEKCOT
(cn. 1a). Ha kpajoT of 4acoT (IeMOHCTpaIuo-
HUOT €KCIEPHUMEHT), IUNKaTa O UUHK UM Ce
MOKaXXKyBa Ha CTYACHTUTE/yUCHHIUTE, 3aEHHO
CO MPETXONHO NPHUTOTBEHMOT IPH TPANIOK M
HampaBeHarta Tabyiera (JucK).

ITogpoGHocTH 3a ekcnepuMenTtot. [1oOpu
pe3yaraTtu ce goOuBaaT cO BOJEH pacTBOP Of
[Cu(NH;),]SO,, ITO MOKE Ja ce modue Ha clef-
HUOB Ha4WMH: KOHLEHTPUpPaH BOJEH pacTBOp Ha
aMOHMjaK (AMOHUYMXUJIPOKCHU]) Ce JOJlaBa BHU-
MartesHo KoH 10 ml pactBop of CuSO, (co KOH-
IeHTpanuja okoay 1 mol/l), 1o MOTMONHO u3-
ouctpyBame. [JoOOMEHHOT KOMIUIEKC ce pas3pe-
AyBa co Bojia 10 BKyIeH BonyMeH of 300 ml.

(2) Bo npunIun cnudeH € (PeHOMEHOT IITO
ce 3a0enexyBa IIpH peakyja Ha HUHK U XJIOpO-
BoflopofHa KucenuHa. OOMYHO IUHKOT ce MOK-
puBa co HeKakBa IlpHa cymncraHma. Opn fmpyra
CTpaHa, peakiyjarTa:

Zn + HCl=H, + ZnCl,
MOKaXyBa fieKa MPOAYKTUTE Ha peaknujaTa ce
BOJIOPOJ, U LIIMHKXJIOPH/, KOU, KaKO IITO 3Hae-
Me, HeMaar IpHa 0oja. Bp3 ocHoBa Ha OHa mITO
Oemre KaXaHO 3a MPETXOJHHOT EeKCIEpUMEHT,
I[pHaTa CyICTaHIla OM MOXeJOo fia MpeTCTaByBa
arperaTy Ha MEKPOCKOIICKYM YE€CTHYKH Of] IIUHK.
ITpoGaemoT e Kako ycneBa HUHKOT [a OICTON

of the ‘black powder’. To accomplish this, a sub-
stantial decrease of the reaction rate is necessary.
One way to do this (perhaps the simplest one) is to
decrease considerably the cooper sulphate
concentration. However, in a very diluted solution
the copper will be depleted shortly, and the result
of the experiment (if any) may not be the desired
one. There is a more elegant way to solve the prob-
lem, based on the properties of the ammonia com-
plex of copper(Il). The solution contains the com-
plex [Cu(NH;),]** which is very stable. In other
words, the concentration of the Cu®* ions in the
solution will be low and practically constant during
the reaction. The reaction will now be very slow
(several hours may be needed for the copper film
formation). We suggest the same zinc rod be used
for the two experiments: use one end for the ex-
periment with copper sulphate and the other one
for the experiment with ammonia complex (Fig.
la). By the end of the lesson (the lecture demon-
stration), the zinc rod should be shown to the stu-
dents with the previously prepared black powder

and the pellet obtained.

(2) In principle, a similar phenomenon occurs
during the reaction between zinc and hydrochloric
acid. Usually the zinc is covered with some black
substance. The reaction:

Zn+ HCl = H, + ZIIC12

however, shows that the products are hydrogen and
zinc chloride and we know they are not black. Ac-
cording to the discussion and explanations given in
the first experiment, the black substance could be
an aggregate of microscopic particles of zinc. But,
if the substance is zinc, how could it survive in hy-
drochloric acid for quite a time? The zinc particles
“mean-life” in an acid like HCl should be ex-
tremely short. Correct? Just imagine the reaction
between HCI and Zn powder. Or perform it. It is a
very vigorous one. Then, how do Zn particles exist
that long in hydrochloric acid?

Our explanation is that the contact between
the acid and zinc is severally restricted. As de-
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BO XJIOPOBOJOPOHA KHUCENHWHA TOJKY JOJIrO
Bpeme? BpeMeTo Ha KHMBOT 3a YEeCTHUYKHUTE
uuHK BOo HCI cpenuna Ou Tpebaino fa Oupe ex-
cTpeMHO Kyco, Henm? [IpeTcraBere cu ja peak-
nujata nomery HCl u [HK BO MpaB, WM, YIITE
nonoOpo, m3BeneTe ja. Taa ce ofBMBa MHOTY
OypHo. Kako Toraimr nMHKOT ycmeBa ‘fga mpe-
xuBee”?

picted in Fig. 2, zinc particles are surrounded by
hydrogen micro-bubbles and only a minor part of
the metal surface is ‘available’ for the acid.

Ci1. 2. MUKPOCKOIICKH MEypUNIhba BOZOPOJ] Ha MOBPIINHATA Off YeCTHYKa IUHK (IIEeMaTCKH IIPHKa3)

Fig. 2. Hydrogen micro-bubbles on a zinc particle surface (schematic representation)

ITo name Mucneme, MOXKHOCTUTE 3a KOH-
TaKT NMOMery IMHKOT W KHUCEJIMHATa CE MHOTY
orpannyeHu. Kako 1mTo e npukaxaHo Ha Cil. 2,
YECTUYKHTE IUHK CE€ ONKPYXKEHH CO MUK-
POCKOIICKH MEypuYhia BOAOPOJ U caMO HE3Ha-
4UTEJIEH JIeNl Off MOBpIINHATA € “JocTamneH’” 3a
KHCeJInHAaTa.

OBa MOXe M fia ce floKaxke: ce 3eMa Io-
IPHETHUOT IUHK M CE€ MOBJIEKYBA CO HETO MPEKY
¢unTepHa xapTHja, c¢ fOfieKa Taa HE MOIPHU
JmocTaTHO. XapTHjaTa ce ceye Ha fBa jeja u
eIHHOT Ofi HUB ce cyuu. [IBeTe mapumma ce
craBaaT Bo HCI. llpnaTta 6oja mobpry ucues-
HyBa Of] CYBOTO Napye XapTuja. 301mTo?

Jlo cnuyHM TojaBM jjoafa W TpH CIETHUBE
(mo6po MO3HATH) peaKkIuu:

Hg2C12+ SIIC12 = 2Hg + SIIC14
OOHOCHO

2AgX - 2Ag+ X, X=Cl,Br, )
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To prove this, take up black Zn and scratch it
on a filter paper. Repeat this until the paper is
black enough. Then, cut the paper into two pieces,
dry one of them and keep the other one wet. Then
put the pieces in hydrochloric acid. The black col-

our will disappear faster with the dry one. Why?
One may also point to other examples that are
also common to our experience, i.e.

Hg,Cl, + SnCl, = 2Hg + SnCl,
or

2AgX - 2Ag + X, X=Cl,Br, )

where the black colour is a consequence of the in-
tense light scattering by the microscopic particles
of liquid mercury or of solid silver.
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Kajie IITO MOIPHYBAKETO € pe3yaTaT Ha HHTEH-
3WBHOTO pacejyBame Ha CBETIMHATA Off MUKPO-
CKOIICKUTE YECTHYKHM Ha TE€YHA KWUBA, OJTHOCHO
LIBPCTO Cpebdpo.
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