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A stream of hydrogen gas is aimed at a catalyst
(platinum coated carbon fibres). In a couple of seconds
the hydrogen ignites spontaneously. The experiment is
recommended as a possible heuristic experiment on ca-
talysis.
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INTRODUCTION

More than 30 years ago, one of us (VMP)
made his very first steps in the wide area of chem-
istry. In this course, the textbook [1] written by
our laureate (actually, its earlier edition) was in-
valuable in every respect. Once infected by the
'chemistry virus', one is eager to extend his/her
knowledge, using progresively more and more
involved textbooks [2-8]. In many of the cited
textbooks, but also in the Inorganic Chemistry
course (held by Prof. D. Tosev in the 70-ties) an
interesting experiment was mentioned: it was
about the self-ignition of hydrogen stream, aimed
at black powdered platinum (the experiment was
for the first time performed by J. W. Dobereiner in
1823, thus bearing his name). Unfortunately, no
demonstration (neither lecture, nor a student one)
was offered to assist the above assertion, leaving
the audience with an impression that the experi-
ment is, most probably too involved. In fact, the
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TIpep; nOBeKe Of); 30 ro,n:HHH ep;eH op; Hac
(BMTI) rH HanpaBH CBoHTe npBH qeKOpH Ha llIllpO-
KOTO nOJIe Ha xeMHjaTa. TIpH oBa, yqe6HHKOT [1]
HanHIIIaH o,n: HallIHOT JIaypeaT 6ellIe, BO ceKoj no-
rJIe,n:, op; HenpOIJ;eHJIHBa KOpHCT. Kora qOBeKa ep;-
HallI Ke ro Hana,n:He "BHPYCOTHa xeMHjaTa", TOj HMa
nocTojaHa nOTpe6a p;a ro npollIHpYBa CBoeTO 3Hae-
lbe, npHllITo ynoTpe6YBa yqe6HHIJ;HHa ce nOBHCOKO
HHBO[2-8]. Bo ,n:06ap ,n:eJIo,n:nOCOqeHHTe KHHrH,HO
H BO KypCOT no HeopraHCKa xeMHja (CJIYllIaH Kaj
npocp. TOllIeB BO paHHTe 70-TH ro,n:HHH),ce cnOMe-
HYBallIe ep;eH HHTepeceH eKcnepHMeHT: caM03ana-
JIYBalbe Ha cTpyja op; raCOBHTBOP;OpOP;,Kora Taa Ke
ce HaCOqHBP3 IJ;pHanpallIKacTa nJIaTHHa (eKcnepH-
MeHTOT 6HJI 3a npBnaT H3Be,n:eHo,n:.IJ:e6epajHep BO
1823 ro,n:HHaH, coo,n:BeTHO,ro HOCHHerOBOTOHMe).
3a )l(aJI, HeMallIe HHKaKBa p;eMOHCTpaIJ;Hja(HHTYHa
npep;aBalbaTa HHTYHa Be)l(6HTe) llITO 6H nOCJIY)l(H-
JIa KaKO HJIYCTpaIJ;HjaHa npeTxo,n:HOTOTBpp;elbe. Ha
BaKOB HaqHH CTy,n:eHTHTeoCTaHYBaa co y6e,n:eHHe
,n:eKa cnOMHaTHOTeKcnepHMeHT e, BepoJaTHo, npe-
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mentioned experiment may easily be performed. It
is very vivid, effective and the demonstration takes
only a few minutes, making it almost ideal intro-
ductory (heuristic) experiment in catalysis.

MATERIALS AND METHODS

Chemicals and accessories. Hydrochloric
acid, HCl (10 % water solution), granulated zinc,
ammonium chloride, NH4Cl (concentrated water
solution), H2PtC16(~ 1 % water solution), carbon
fibres or asbestos wool, pieces of plastic tubes.

Glassware. A test-tube with a suitable stop-
per (Fig. 1) or a hydrogen generation cell (Fig. 2).
The former is filled with zinc and diluted HCl, and
hydrogen immediately evolves. If a cell is used
(Fig. 2), one should note that it operates analo-
gously to a small Kipp [9]. Diluted HCl goes in the
right-hand vessel, and granulated zinc is in the
left-hand one. The stream of hydrogen gas is con-
trolled with the stopcock. Although more compli-
cated, the latter cell is ideal for lecture demon-
strations, while the test-tube variant is suitable
mainly for individual work. The cell was designed
by the authors and was made by the Department's
glassblower. The outlet glass tubes (in both figures
they are narrowed at one end) are filled with glass
wool, to prevent the escape of microscopic acid
drops.

-

--

-

-
--

-

Fig. 1. Generation of hydrogen gas: a simple solution
Cn. 1. .o:o6IlBafbe raCOBHT BOp,OpO):j:

e,o:HOCTaBHa H3Be,o:6a

Te)f(OK 3a H3Be)J,YBalDe. BCYlIIHOCT, eKcnepHMeHToT

e coceMa e)J,HoCTaBeH, O)J,e)J,Ha cTpaHa, a naK MHory

pe'IOBHT H Bne'IaTJIHB, 0)J, )J,pyra. QeJIaTa )J,eMoH-

CTpall,Hja 6apa caMO HeKOJIKY MHHYTH, TaKa lIITO

OBa e pe'IHCH H)J,eaJIeH BOBe)J,eH (xeBpHCTH'IKH) eKC-
nepHMeHT 3a KaTaJIH3a.

MA TEP11JAIT11 11 METOJ],11

Aieucu u iiOMomeu iipuoop. XJIOpOBO)J,OpOp,-
Ha KHCeJIHHa,HCl (10% BO)J,eHpacTBop), lI,HHKBa
rpaHYJIH, KOHlI,eHTpHpaH BO)J,eHpaCTBop 0)J, aMo-
HHYMXJIOpH)J"NH4Cl, H xeKcaxJIoponJIaTHHaTHa(IV)
KHCeJIHHa,H2PtCl6 (- 1 % BO)J,eHpacTBop), rpacpHT-
HH BJIaKHa HJIH a36ecTHa BOJIHa, nJIaCTH'IHH lI,peBa
3a nOBp3YBalDe.

CiiiaK.J1eU iipuoop. EnpYBeTa co coop,BeTeH

3aTBOpa'I (CJI. 1) IIJIII KeJIHja 3a )J,06HBalDe BO)J,OpOp,

(CJI. 2). EnpYBeTan ce nOJIHH co lI,HHK H pa3pep,eHa

HCl, npH lIITO BO)J,OpO)J,OTnO'IHYBa Be)J,HalII )J,a ce
OCJI060)J,YBa. ,IJ,OKOJIKYBO eKcnepIIMeHTOT ce ynoT-

pe6H KeJIIIjan (CJI. 2), Tpe6a )J,a ce IIMa npe)J,BHp,

)J,eKa npHHlI,HnOT Ha pa60Ta e CJIH'IeH KaKO Kaj MaJI

KHnOB anapaT [9]. Pa3pe)J,eHaTa HCl ce CTaBa Ba

)J,eCHIIoT KpaK, a rpaHYJIHpaHIIOT lI,HHK BO JIemIOT.

CTpyjan O)J,BO)J,OpO)J,(HHTeH3IITeToT) ce perYJIHpa

co CTaKJIeHa CJIaBHHa. I1aKo nOKOMnJIIIlI,HpaHa 3a

pa60Ta, KeJIHjaTa e II)J,eaJIHa 3a )J,eMoHCTpall,HOHH

eKcnepIIMeHTII (enpYBeTaTa e )J,06pa, rJIaBHO, 3a

HH)J,HBII)J,yaJIHa pa60n). KeJIIIjan e HanpaBeHa op,

CTaKJIO)J,YBa'IOT Ha I1HCTHTYTOT 3a xeMHja, no Ha-
lI,PT Ha aBTopHTe Ha TPY)J,OT. I13JIe3HIITe lI,eBKH (Ha
06eTe CJIHKII Toa ce lI,eBKIITe lIITO ce CTeCHeTH Ha

e)J,HHOT Kpaj) ce nOJIHH co CTaKJIeHa BOJIHa, 3a )J,a ce

Cnpe'IH H3JIerYBalDe Ha MIIKpOCKonCKH KanKH op,
KHCeJIIIHaTa.

~

+ f l +

+CJ+

Fig. 2. Generation of hydrogen gas: the gas generation cell (schematic)
CJI. 2. .o:o6HBafbe raCOBHT BO,o:OpO,o::

rneMaTCKH npHKa3 Ha KeJIHjaTa
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Catalyst preparation. For many decades as-
bestoswas thought to be ideal catalyst carrier, due
to its high thermal stability and fibrous form,
whichenable long-term use and large active sur-
face. A trade product of platinated asbestos
(Riedel,Hanover) was our first try, with no result
atall. Attempts were made to 'activate' the cata-
lystby heating,which failed again.Then, a piece
of the platinated asbestos was dipped in concen-
trated N~CI solution and was subsequently
heatedin the Bunsen burner until complete pyro-
lysis,as advised in literature [10]. Such a catalyst
couldbe used successfully. The best results were
obtainedwith a piece of pure asbestos which was
firstdipped in H2PtCl6solution, then heated to red-
hot in a burner and the procedure was repeated
twiceby dipping it in a NH4Cl solution and heat-
ing.This catalyst was much more efficient than the
trade product.

Unfortunately asbestos is said to be carcino-
genic, and from that point of view its use should
beavoided wherever possible. Carbon fibres were
found to be an excellent non-toxic alternative to
asbestos. In fact, platinated carbon fibres seem to
be even better catalyst for this experiment. They
areprepared in the same way as the asbestos cata-
lyst,but there is no need of further treatment with
NH4Cl. We used carbon fibre pile of 2-3 cm
length.Only the top 1-2 mm of the pile should be
dipped in the platinum solution, followed by heat-
ingto red-hot.

Both catalysts should be prepared right be-
forethe demonstration (to prevent problems due to
catalyst ageing). However, when dealing with car-
bon fibres, one uses 10-50 times less of the plati-
num solution, which is another advantage. It may
bea good idea to use a suitable holder for the cata-
lyst. We used glass tube mounted over an old
screwdriver, and fastened by means of plastic tube
ofthe proper size. The fibres (3 cm in length) were
fixedat the end of the glass tube by silicon glue.

THE LECTURE DEMONSTRA nON

Safety tips: Wear safety goggles at all times
when performing chemical demonstrations.
Due to potential risk of explosion of air-

[JIac. xeM. TeXHOJI.MaKeAoHHja, 19,1,85-89 (2000)

IIpuloiii8Y8albe Ha Kaiiia./luaaiiiopow.. He-
KOJIKY .I1:e[(eHIUIHaHa3a.l1: ce CMeTarne .I1:eKaa36ecToT

e 6JIHCKY .11:0H.I1:eaJIeHHOCaq 3a KaTaJIH3aTOpH, KaKO

pe3YJITaT Ha HerOBaTa rOJIeMa TepMHqKa cTa6HJI-

HOCT H Ha.l1:BOperneH 06JIHK BO BH.I1:Ha BJIaKHa KOH
OB03MO)J(YBaaT .I1:0JIrOTpajHa ynoTpe6a H rOJIeMa

aKTHBHa nOBprnHHa. Bo npBHoT 06H.I1:6erne ynoTpe-

6eH rOTOB npOH3BO.l1: (0.11: cpHpMaTa Riedel, 0.11:XaHo-

Bep) Ha nJIaTHHHpaH a36eCT. HeMarne HHKaKOB

pe3YJITaT. Be3ycnerneH 6erne H 06H.I1:0T .I1:ace aKTH-

BHpa KaTaJIH3aTOpoT co 3arpeBaIbe. TpeTHpaIbeTO

Ha KaTaJIH3aTOpOT co KOH[(eHTpHpaH paCTBOp 0.11:

N~CI, npOCJIe.l1:eHO co )J(apeIbe (oHaKa KaKO rnTO e

onHrnaHO BO JIHTepaTypaTa [10]) BpO.l1:Hco nJIO.l1:.
CenaK, Haj.l1:06ap pe3YJITaT 6erne nOCTHrHaT Kora

napqe qHCT a36ecT 6erne nOToneHO BO BO.l1:eHpacT-

BOp 0.11:H2PtCI6, nOToa 6erne )J(apeHo Ha 6peHep H
yrnTe .I1:BanaTH nOTonYBaHO BO paCTBOp 0.11:NH4CI H

nOBTopHO )J(apeHo. BaKa npHroTBeHHoT KaTaJIH3a-

TOp e MHory noaKTHBeH 0.11:TprOBCKHOT npOH3BO.l1:.

Ce nOqeCTO ce cnoMeHYBa .I1:eKa a36eCTOT e

KaH[(epOreH H 0.11:OBOj acneKT HerOBaTa ynoTpe6a

6H Tpe6aJIo .I1:ace H36erHYBa CeKa.l1:eKa.l1:ernTO Toa e

MO)J(HO. Ce nOKa)J(a .I1:eKa rpacpHTHHTe BJIaKHa ce

H3BOHpe.l1:Ha H HeTOKCHqHa aJITepHaTHBa Ha a36ec-

TOT. BcyrnHocT, BO OBOj eKcnepHMeHT nJIaTHHHpa-

HHTe rpacpHTHH BJIaKHa ce .I1:ypHH nO.l1:06ap KaTaJIH-

3aTop 0.11:nJIaTHHHpaHHoT a36eCT. IIJIaTHHHpaIbeTO

Ha BaKBHTe BJIaKHa ce BprnH aHaJIOrHO KaKO H Ha

a36eCTOT, OCBeH rnTO OTnara TpeTMaHOT CO aMOHH-

YM XJIOpH.I1:.YnoTpe6YBaBMe CHOnqe 0.11:rpacpHTHH
BJIaKHa co .I1:°JI)J(HHa 0.11:2-3 cm. )J;OBOJIHOe aKO
caMO BpBOT (T.e. 1-2 mm) Ha CHOnqeTO ce nOTonH

BO paCTBopOT Ha H2PtCI6, na nOToa ce )J(apH .11:0nH-
pOJIH3a Ha KHCeJIHHaTa.

KaTaJIH3aTOpOT Tpe6a .I1:ace npHroTBYBa He-

nOCpe.l1:HO npe.l1: .I1:eMOHCTpa[(HjaTa (3a .I1:ace H36er-

HaT np06JIeMH BO BpCKa CO CTapeeIbe Ha KaTaJIH3a-

TOpOT). Bo ceKoj CJIyqaj, npH ynoTpe6a Ha rpacpHT-

HH BJIaKHa ce TpornH 10-50 naTH nOMaJIKY 0.11:nJIa-

THHCKHOT paCTBOp, rnTO e yrnTe e.l1:Ha npe.l1:HOCT

(COe.l1:HHeHHjaTa Ha nJIaTHHa ce CKanH). 3rO.l1:HO e .I1:a

ce ynoTpe6H COO.l1:BeTeH.I1:p)J(aq 3a KaTaJIH3aTopoT.

Bo HarnHOT cJIyqaj ynoTpe6HBMe CTaKJIeHa [(eBKa

nOCTaBeHa Ha .I1:prnKa 0.11:CTapa O.l1:BpTKa, npH[(Bp-

CTeHa co nOMorn Ha nJIaCTHqHO [(peBO CO nOrO.l1:Ha

.I1:e6eJIHHa. CHOnqeTO rpacpHTHH BJIaKHa (OKOJIY 3

cm) MO)J(e .I1:ace npH[(BpCTH Ha KpajoT 0.11:CTaKJIeHa-
Ta [(eBKa CO nOMorn Ha CHJIHKOHCKHJIenaK.

I13BE,JJYBAIDE HA ,o:EMOHCTP AIJ;I10-
HI10T EKCTIEPI1MEHT

CaMoaaudiiuma: UpH H3Be):Q'BalbeToHa eKC-
nepHMeHToBnocTojaHo HoceTe 3alIlTHTHHOQHJIa.
UpH pa60Ta co raCOBHTBO~OpO~e nOTpe6HOrOJIe-
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hydrogen mixtures (even when these contain
only tiny amount of hydrogen) the manipula-
tion and handling of hydrogen gas require ex-
treme care.

Students are first introduced to the subject
(catalysis). After the term is defined (and, possi-
bly, a few examples of catalised reactions are
given) the experiment should be performed. Put 10
- 40 zinc grains (depending on the cell size) in the
left part of the cell. Close the stopcock and slowly
fill the right part with acid. (If a test-tube is used,
as a cheap alternative to the cell, fill it with acid by
about 2/3 of its height.) After that open the stop-
cock carefully to enable contact between zinc and
the acid. Point how the hydrogen evolves readily
with virtually no reaction (no ignition occurs). Af-
ter some 10 seconds approach the catalyst to the
hydrogen gas stream of the outlet tube (keep the
catalyst 2 - 5 cm away of the tube). In a couple of
seconds the catalyst glows and the hydrogen ig-
nites (often with a small 'pop'). Close the stop-
cock (the reaction ceases) and repeat the demon-
stration several times.

Afterwards, try to discuss with the students
the reasons that are behind their observations. It is
perhaps good to start with the very principles for
operating the cell (miniature Kipp). Explain, why
this reaction is a catalised reaction. Give rough
estimates for the reaction rate at room temperature
in the absence of the catalyst (check the exact
temperature of hydrogen ignition in air, and as-
sume that the rate decreases twice for every 10 K
drop in temperature). Discuss why is it important
to have a carrier in a fibre form and what is to be
expected if a platinum plate is used instead. Ask
the students whether they know of some example
of catalyses. Briefly mention the importance of
enzymes (biocatalysts).

Always encourage the students to ask ques-
tions. By the end of the lecture, ask for volunteers
to repeat the demonstration (give them a hand
wherever they need it).

Acknowledgment: The authors wish to express their
sincere thanks to Professor Gordana Bogoeva-Gaceva, from
the Faculty of Technology and Metallurgy, for the gift of
carbon-fibres pile.

MO BHUMaHue, 6U)1;ejKu CMeCaTa 0)1; BO)1;OpO)1;U B03'

)1;YX(J1:Ypu U KOra UMa coceMa MaJlKY BO)1;OpO)J.)MO,

}l{e )1;a eKCnJlO)J.upa npu naJlelbe U )J.a ro nOBpe)];1I

eKcnepUMeHTaTopOT (UJlU HeKoj O)J.CJlywaTeJlUTe).

CnYllIaTenHTe npBo ce BOBe}:lYBaaT BO MeTO/l-

cKaTa e}:lHHHIJ;a (KaTanH3a). IIo }:IecpHHHIJ;HjaTa Ha I
KnyqHHOT 360p (MO:>Ke}:la ce }:Ia}:laTH HeKonKY npM- I

MepH Ha KaTanH3HpaHH peaKIJ;HH) ce npeMHHYBa Ha I
H3Be}:lYBalbeHa eKcnepHMeHToT. Ce CTaBaaT 10-40
rpaHynH IJ;HHK(6POjOT 3aBHCH O}:lroneMHHaTa Ha
KenHjaTa) BO neBHoT }:Ien O}:lKenHjaTa. Ce 3aTBOpa
cnaBHHaTa H 6aBHo ce nonHH }:IeCHHOT}:IenO}:lKeJIM-
jaTa co KHcenHHa (}:IOKonKYce ynoTpe6YBa enpYBe- i I

Ta, KaKo eBTHHa anTepHaTHBa 3a KenHjaTa, Taa ce

nonHH }:IOoKony 2/3 O}:lcBojaTa BHCOqHHa). Ce OT-

Bopa cnaBHHaTa H ce A03BonYBa KHcenHHaTa Aa .o;oJ-
Ae BO KOHTaKT co IJ;HHKOT. Ce YKa:>KYBaHa 6ypHOTO

ocn060AYBalbe Ha BOAOPOA, npH llITO (npHBH.o;HO)
He Aoafa AO peaKIJ;Hja Mefy BOAOPOAOT H KlIC-

nopoAoT (HeMa3ananYBalbe). IIo oKony 10 s ce .0;0-
6nH:>KYBa KaTanH3aTopoT AO cTpyjaTa Ha BOAOPO-

AOT llITO H3nerYBa OA OTBOpOT (KaTanH3aTopoT ce

Ap:>KH2-5 cm OA OTBOpOT), npH llITO 3a HeKOJIKY

ceKYHAH KaTanH3aTopoT ce 3a:>KapYBa H BOAOpO.o;OT

cnOHTaHO ce nanH (qeCTOnaTH co Mana eKcnn03M-
ja/noTnYKHYBalbe). CnaBHHaTa ce 3aTBopa (co IlITO
peaKIJ;HjaTa npeKHHYBa) H eKcnepHMeHToT ce no-
BTopYBa HeKonKY naTH.

IIo OBa, 06HAeTe ce Aa npoAHcKYTHpaTeco
cnYllIaTenHTe KOH ce npHqHHHTe llITO AOBe.o;YBaaT
AO cepHjaTa pa3nHqHH nepIJ;enIJ;HH. MO:>KeAa 611/le
A06po Aa ce nOqHe co 06jacHYBalbe Ha npHHIJ;HnOT
Ha cpYHKIJ;HOHHpalbeHa KeJlHjaTa (MHHHjaTypeH
KHnOB anapaT). 06jacHeTe HM 30llITO e OBaa peaK-
IJ;Hja KaTanH3HpaHa peaKIJ;Hja. HanpaBeTe rpy6a
npOIJ;eHKa Ha 6p3HHaTa Ha peaKIJ;HjaTa npH c06Ha
TeMnepaTypa, BO OTCYCTBOHa KaTanH3aTopOT (Tpe-
6a }:lace 3eMe TOqHaTa TeMnepaTypa Ha 3ananYBa-
Ibe Ha BO}:lOpO}:lOTHa B03AYXH Aa ce npeTnocTaBM
}:IeKa 6p3HHaTa Ha peaKQHjaTa onafa }:IBanaTHnpM
HaManYBalbe Ha TeMnepaTypaTa 3a ceKOH 10 K).
IIpO}:lHcKYTHpajTe30llITO e Ba:>KHOHOCaqOTAa 611l\e
BO cpopMa Ha BnaKHa, KaKO H llITO 6H ce OqeKYBaJIO
BO cnyqaj Ha ynoTpe6a Ha nnaTHHcKa nnOqKa. no-
6apajTe O}:lcnYllIaTenHTe }:laHaBe}:laTHeKoj npHMep
3a KaTanH3a. CnoMeHeTe ja, HaKYco, Ba:>KHOCTaHa
eH3HMHTe(6HOKaTanH3aTopH).

CeKorallI nOTTHKHYBajTerH cnyrnaTenHTe /la
nocTaBYBaaT npallIalba. Ha KpajoT O}:lqaCOT n06a-

pajTe HeKoj }:I06pOBOneIJ;Aa ro nOBTopH eKcnepH-
MeHTOTH nOMorHeTe MYBOcnyqaj Ha nOTpe6a.

E/lazoiJapnociii: ABTopHTe H: ce 3a6JIaro.o;apYBaaT Ha
npo<p. .o;-p fop):\aHa EoroeBa-fa~eBa 0):\ TeXHOJIOIlIKO-
MeTaJIypllIKIWT <paKYJITeT BO CKonje 3a no):\apeHllTe
rpa<pHTHH BJIaKHa.

Bull. Chem. Technol. Macedonia, 19, 1,85-89 (2000)
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