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THE DOBEREINER HYDROGEN GAS
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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 [l] 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. D&bereiner 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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Katanu3aTop (rpaduTHM BIIAKHAa IIPEKPHEHH CO
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BOBE]]

ITpen noseke op 30 ropuHu efneH ojf Hac
(BMII) ru HanpaBu CBOMUTE MPBH YCKOPH Ha IIHPO-
kKoTo none Ha xemujata. Ilpm oBa, yuebuukor [1]
Hanuial OJf HalIMOT JlaypeaT Oele, BO CEKOj I1M0-
rief, o HenpoueHntuBa Kopuct. Kora voseka ef-
Hau Ke ro HanajiHe ,,BUpYcOT Ha XeMujaTa“, TOj HMa
nocrojana norpeda fa ro NpoUIMPyBa CBOETO 3HAe-
e, IPH WITO ynoTpebyBa yueOHHIM Ha CE TIOBHCOKO
HuBo [2-8]. Bo noGap fen o moco4eHUTE KHUTH, HO
U BO KYpPCOT IO HeOpraHcka XeMmuja (ciywaH Kaj
npod. Tomes Bo pannte 70-TH rofuHI), ce cCOMe-
HyBallle e[[cH WHTEepeceH eKCIepUMEHT: camo3ara-
JyBale Ha CTPyja Off TACOBUT BOJIOPOJ, Kora Taa Ke
ce Haco4M Bp3 LipHa IpalikacTa IuiaTuHa (excrnepu-
MEHTOT OuJl 3a mpBnat u3BefieH ofl [lebGepajHep BO
1823 ropguHa ¥, COOBETHO, 'O HOCH HETOBOTO HME).
3a xaJ, Hemallle HUKaKBa JIeMOHCTpaluja (HUTY Ha
NpeflaBakaTa HUTY Ha BeXKOUTE) 1ITO O MOCTYKH-
Jla Kako MIIycTpalmja Ha IpeTXoHOTO TBpAeke. Ha
BAKOB HauWH CTYJEHTHTE OcTaHyBaa co ybGejeHue
JieKa CIIOMHAaTHOT €KCHEpPUMEHT €, 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, HCI (10 % water solution), granulated zinc,
ammonium chloride, NH4Cl (concentrated water
solution), H,PtClg (~ 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 HCI, 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 HCI 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
Ca. 1. JobuBame racoBHT BOIOPOL:
e[AHOCTaBHA H3BenOa

Q_'_ S 5
e

Fig. 2. Generation of hydrogen gas: the gas generation cell (schematic)

TEXKOK 3a M3BefyBame. BeymHocr, excnepuMeHToT
€ coceMa eJHOCTaBeH, Off eHa CTpaHa, a MaK MHOTY
PEYOBUT M BHEYATIHB, Off npyra. Ilemara neMoH-
cTpanja O6apa caMO HEKOJIKY MHHYTH, Taka IITO
OBa € pevlCcH HlealeH BOBeAeH (XEBPUCTHYKH) €KC-
NEepUMEHT 3a KaTanu3a.

MATEPHUJAJIM U METOIM

Azencu u uomowen upubop. XiopoBogopoj-
na xucenuna, HCl (10% BopeH pacrBop), LMHK BO
rpaHy/i, KOHIEHTPHPAH BOJEH PacTBOp Off aMo-
HuyM xnopup, NH,Cl, n xekcaxnopomnarunataa(IV)
kucenuna, HPtClg (~ 1% Bopen pacreop), rpadur-
HH BJIaKHA WM a30€ecTHA BOJIHA, IIACTUYHHU IPeBa
3a NIOBP3yBam:e.

Ciuaxaen upubop. Enpysera co cOOABETEH
3aTBOpay (ci. 1) wnu Kenuja 3a jobuBamke BOJOPOL
(ci. 2). Enpyeerara ce MOJIHK €O IIHHK M pa3pefieHa
HCI, mpu mIto BOJOPOAOT NMOYHYBA BEJHAIL fla ce
ocnoboysa. JIOKOJIKY BO €KCIIEPUMEHTOT Ce YIOT-
pebu Kenmjata (cm. 2), Tpeba ma ce uMa TpeBHj
flexa MPUHIHMIOT Ha paboTa e CIMYeH KaKo Kaj Mal
Kunos anapar [9]. Pa3spenenara HCl ce crasa Bo
JECHHOT Kpak, & I'PaHyJIMPAaHUOT LMHK BO JIEBHOT.
CrpyjaTa of BOOpPOJ (MHTEH3UTETOT) e peryaupa
CO CTakjeHa crnaBWHA. Mako MOKOMIIHIHpaHa 3a
pabora, KenujaTa € MjeanHa 3a JAeMOHCTPAIMOHH
ekcriepuMeHTH (enpyBerata e poOpa, riIaBHO, 3a
unpuBMAyanHa paGora). Kennjara e nanpasena of
CcTaknonyBayor Ha MHCTHUTYTOT 3a Xemuja, Mo Ha-
LPT HAa aBTOPUTE Ha TPyAoT. M3ne3nuTe neBkn (Ha
ofeTe CIMKH TOA Ce UEBKHTE IITO CE CTECHETH Ha
€IHHOT Kpaj) ce MOJIHA CO CTAKJ/ICHA BOJHA, 3a f1a ce
CIpeyYd M3JETyBamke HAa MHKPOCKOICKHM KalKH Off
KMCEJIMHATA.

Cu. 2. [lobuBame racoBHT BOJIOPO]I:
LIEMATCKH NPHKa3 Ha KelujaTa
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Catalyst preparation. For many decades as-
bestos was thought to be ideal catalyst carrier, due
to its high thermal stability and fibrous form,
which enable long-term use and large active sur-
face. A trade product of platinated asbestos
(Riedel, Hanover) was our first try, with no result
at all. Attempts were made to ‘activate’ the cata-
lyst by heating, which failed again. Then, a piece
of the platinated asbestos was dipped in concen-
trated NH4Cl solution and was subsequently
heated in the Bunsen burner until complete pyro-
lysis, as advised in literature [10]. Such a catalyst
could be used successfully. The best results were
obtained with a piece of pure asbestos which was
first dipped in H,PtClg solution, then heated to red-
hot in a burner and the procedure was repeated
twice by 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
be avoided 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
are prepared in the same way as the asbestos cata-
lyst, but there is no need of further treatment with
NH,Cl. 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-
ing to red-hot.

Both catalysts should be prepared right be-
fore the 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
be a 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
of the proper size. The fibres (3 cm in length) were
fixed at the end of the glass tube by silicon glue.

THE LECTURE DEMONSTRATION

Safety tips: Wear safety goggles at all times
when performing chemical demonstrations.
Due to potential risk of explosion of air-
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Ilpuioweysawe na kawaauzawopoui. He-
KOJIKY JICIIEHHM HaHa3aJl ce cMeTale jieka asdoecTor
e OmHCKY [10 HealeH Hocad 3a KaTalu3aTopH, Kako
pes3yiTaT Ha HeroaTa rojieMa TepMuYka cradui-
HOCT M HafiBopelleH OOJMK BO BHJ| Ha BlakKHa KOH
OBO3MOXYBaaT [ONroTpajHa ynorpeba H rojema
aKTHBHa nospunHa. Bo npBuoT o6up Gelte ynoTpe-
6en rotos npoussop (o gupmara Riedel, ox Xano-
Bep) Ha IIaTHHMpaH a3bect. Hemame HuKakoB
pesynTat. Besycenemen Gemie u 00HJOT fia ce aKTH-
BHpa KaTalnu3aTOPOT cO 3arpeBame. TpeTHpameTo
Ha KaTajau3aToOpoT CO KOHUEHTPHpaH pacTBOpP Off
NH,CI, mpocrefieHo co kapethe (OHaKa Kako IITO €
onuiaHo Bo jutepartypata [10]) Bpomm co nmop.
Cemnax, HajnoGap pesynrar Oelle IOCTHIHAT Kora
napue yucT asbect Gellle MOTONEHO BO BOJIEH pacT-
Bop ofi H;PtClg, moToa Gemie KapeHo Ha OpcHep M
yluTe JiBa naTH noTonyBaHo Bo pactBop on NH4Cl u
NMOBTOPHO XapeHo. Baka NMpuroTBeHHOT KaTalu3a-
TOP € MHOT'Y IOAKTHBEH Off TPTOBCKHOT NIPOH3BOJI.

Cé mouecTto ce crnoMmeHyBa Jleka a30ecToT e
KaHIEpPOreH M OJf OBO] acleKT Herowarta yrnorpeba
Ou Tpebao fa ce u3bernysa cekajie Kajie ITo Toa e
MoxkHO. Ce moKaxa feka rpaUTHHTE BJIaKHa ce
W3BOHpEHA M HETOKCHYHA ajTepHaTHBa Ha asbec-
TOT. BeylHocT, BO OBOj €KCIIEpPUMEHT IUIATHHUPA-
HUTEe rpadUTHU BIaKHa cE AYPU U nofgobap Kartasu-
3aTOp Off IaTHHHpaHUOT a3bect. [InaTuHupameTo
Ha BaKBUTE BIAaKHA ce BPIIM aHAJIOTHO KAaKO H Ha
a36ecToT, OCBEH LITO OTHara TPeTMaHOT CO aMOHH-
yM XIOpHA. YnoTpeGyBaBMe cHome Off rpachuTHH
BJIaKHA CcO AO/KuHA of 2-3 cm. JloBoiHO € akKo
caMo BpBOT (T.e. 1-2 mm) Ha CHOMYETO ce MOTOIH
BO pactBopoT Ha H,PtCls, 1a nmoroa ce >Kapu J10 IH-
ponu3a Ha KUceluHaTa.

KaranuszaTopoTr Tpeba fa ce npuroTsyba He-
NOCPEIHO Tpef AeMOHCTpanujaTa (3a aa ce usber-
HaT 1npoOJeMH BO BPCKa CO CTapeee Ha KaTaln3a-
TopoT). Bo cekoj ciyuaj, npu ynotpe6a na rpacuT-
HH BrnakHa ce Tpoum 10-50 naTi nomanky oj nia-
THHCKHOT PacTBOp, LITO € YIITE €fHa HPEeHOCT
(coeuHenujaTa Ha TUTATHHA CE CKamu). 3rOJHO € Ja
ce ynoTpeOH COOJIBETEH JipKay 3a KaTaJn3aTOpOT.
Bo nammoT cnyuaj ynoTpeOMBMe cTakjeHa IeBKa
NocTaBeHa Ha JIpIIKa Off cTapa OfIBpPTKa, IPHIBp-
CTeHa CO NMOMONI Ha IUTACTHYHO 1IPEBO CO NOTOfHA
nebemuua. CHonuvero rpacduTHu BiakHa (oxkony 3
cm) MOXKe fia ce MPHIBPCTH Ha KPajoT Off CTakJeHa-
Ta 1ieBKa cO OMOII Ha CHIIMKOHCKH JIeTIaK.

N3BENYBAKBLE HA JEMOHCTPALINO-
HUOT EKCITEPUMEHT

Camozawitiuitia: TIpn m3peayBameTo Ha eKc-
NepHMEHTOB MOCTOjaHO HOCeTe 3AIITHTHH O4HJIA.
IIpu padora co racoBUT BOZOPOJ € NOTPEdHO roJe-
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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 BHHMAaHHe, GHIEjKH cMecaTa O BOAOPOJ H BO3:
AYX (Aypu M Kora uMa coceMa MaJIKy BOJOPOM) Mo-
Ke oa EKCINIOAMpa NpH najeme U Ja ro nospein
€KCNePUMEHTATOPOT (HIIH HEKOj 0L C/IyLIaTe uTe),

CnymaTtenuTe NMpBO ce BOBEAYyBaaT BO METO-
ckata epumHuna (karanusa). [lo pedunnumjara
KIy4HHOT 360p (MOXKe fla ce AafaT ¥ HEKOJKY IpH-
MepH Ha KaTalM3upaHu PeakliH) ce MPEMHUHYBA Ha
u3BenyBame Ha excrnepuMeHTOT. Ce crasaat 10-40
rpanynu uuHK (GpOjOT 3aBHCH Of TOJIEMHHATA Ha
Kenujata) BO JIeBHOT Jien oj Kenujata. Ce 3aTBOpa
cllaBHHATa M OABHO Ce MOJIHU JIECHHOT JIe Off Keln-
jaTa co KucenuHa (JIOKOJNKY ce ynoTpeOyBa enpyse-
Ta, KAKO €BTHHA aliTepHATHBA 3a KeJiujaTa, Taa ce
TIOJTHK 710 OKony 2/3 ojt cBojaTa BucounHa). Ce ot-
BOpa CTIaBHHATA U c€ I03BOJIYBa KHCETHHATA J1a JI0j-
7le BO KOHTAKT co IMHKOT. Ce yKaxKyBa Ha OypHOTO
ocrno0oyBake Ha BONOPOJ, NMpH 1ITO (IMPUBHIIHO)
He floafa 0 peakiuja Mefy BOJOPOAOT M KIC-
nopofoT (HeMa 3ananysase). [To okony 10 s ce fio-
ONMIXKyBa KATalH3aTOPOT 0 CTPyjaTa Ha BOJIOPO-
JOT WITO M3JETyBa Off OTBOPOT (KATAIN3aTOPOT (¢
pXH 2—-5 cm Ofi OTBOPOT), HPH IITO 3a HEKOJKY
CCKYH/IH KaTalu3aTopOT ce 3a’KapyBa M BOJOPOJIOT
CINOHTAHO ce naju (MecTonaTu co Mmaja eKCIUIO3N-
ja/moTnykHyBare). CrnaBuHaTa ce 3aTBopa (co 1o
peakijaTa NpeKHHYBa) M eKCIEPHUMEHTOT ce Mo-
BTOPYBa HEKOJIKY ITATH.

ITo oBa, oOuaeTe ce Jla NPOAMCKYTHPATE €O
clyulaTeIuTe KOM ce NPUYHHUTE IITO JOBEAyBaar
10 cepujaTa pa3nHuHu nepuenuuu. Moxke fna Guje
nobpo f1a ce novyHe co objacHyBawe Ha NPHHIUIIOT
Ha yHKIHOHMpame Ha KenujaTa (MHHHjATYpeH
Kunos anapart). OGjacHeTe HM 301ITO € OBaa peak-
IMja KaTajusupaHa peakuwja. Hanpasere rpy6a
nponeHka Ha Op3WHaTa Ha peakuujaTa NMpH COOHA
TeMIlepaTypa, BO OTCYCTBO Ha KaTaJnu3aTopoT (Tpe-
Ga fa ce 3eMe TOYHATa TEMIlepaTypa Ha 3anajyBa-
1€ Ha BOJOPOJIOT Ha BO3JYX M Jla CE NPETNOCTAaBH
neka Ops3suHaTa Ha peakuujaTa onafa JBanaTH IpH
HaMmanyBale Ha Temmepartyparta 3a cekou 10 K).
IMponuckyTHpajTe 301TO € BasKHO HOCAYOT fa Oufie
BO (hopMa Ha BllaKHa, KaKO U WITO OM ce OUYEKYBalo
BO ciy4aj Ha ynoTpeba Ha nmiuaTHHcKa riodka. [lo-
OapajTe Off CIyLIATENIUTE fa HABEJAT HEKO] pHuMep
3a Katanusa. CrnoMeHeTe ja, HaKyco, BaXKHOCTa Ha
eH3uMuTe (OuoKaTanIu3aTopu).

Cekoralll NOTTUKHYBAJTE I'H CIYLIATENNTE JId
nocrasyBaat npataska. Ha Kpajor off yacoTt nmoba-
pajTe HEKOj MOOpOBONEN fia rO MOBTOPH eKCIepH:-
MEHTOT M IIOMOTHETE MY BO Cllyuaj Ha noTpeoda.

Baaiodapuociu: ABtopuTe U ce 3abnarojapysaaT Ha
npod. n-p I'oppana Boroesa-Tanesa on Texnonorko-
MeTanypiikuoTt pakynrer Bo Ckomje 3a MnojapeHuTe
rpachuTHH BIAKHA.
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