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JOHAN GADOLIN'S 1788 PAPER MENTIONING THE SEVERAL OXIDATION STATES
OF TIN AND THEIR DISPROPORTIONATION REACTION

Pekka Pyykkd

Department of Chemistry. University of Helsinki, Et. Hesperiankatu 4, 00100 Helsinki (Finfand).

Qlli Orama

Department of Chemistry, University of Helsinkd, Vuorikatu 20, 00100 Helsinki {Finland).

ABsTRACT. — We should like to rescue from oblivion a 1788 paper by J. Gadolin on a procedure of tin plating copper
vessels using tartrates. The paper clearly states, as a general principle, the possibility of several oxidation states
("degrees of calcination”) of the same metal. It also contains a vivid description of a disproportionation reaction
involving these oxidation states. A short biography of Johan Gadolin (1760-1852) is given.

dohan Gadolin, a short biography

Johan Gadolin ' was born on Sth June [760 in dbo (in
Finnish Turku ) in Finland, which ar thar time (11551809 was
an integral part of Sweden, and died on 5th Auguse 1852, His
grave can s6ll be found in Myndamaki 7in Swedish Viemo ),
where he Fr-”l"-'l".'l'.'l'i'-!-l; o FHOaRar.

His father, Jukob Gadolin, and his maternal grandfather,
Johan Browallius, had both been Professars of Physics ai the
Roval Abo Akademi . hefore being promoted to Professors of
Theology and, laver, Bishops of Abo. The family name has ity
awrn history - A Fianish farm name Meaunpla” was first
{re Matinized fo "Muagnulin® when one of the sons entered the
learned path and changed fater, replacing the Latin “magnus™
by the Hefrew “gadel””, ro " Gadolin ",

The young Jokan Gadolm siarted his wniversity stwdies in
1775 in Abo and continued them in Uppsala in 17794783 under
Torbern Bergman (1735-1784 1, with a dissersation " De analysi
Serri™ i 17K and another one, “De priflemate catenario”” in
mathematics in 1782, After returning 1o Finland, Gadelin
became o titular professor of chemisiry ot Abo Akademi ® in
1785, an “Adjunkt” [ Associate Professor) in 1789 and held
the Chair of Chemistry from 1797 witil his vetivement in 1822,
declining in {1804 the offer to succeed J. F. Gmelin at Gittingen,
As Professor Emeritus he  still lectured on Mineralogy. He
should noi be confused with his nephew Axel Gadolin | 1828-
1892, General and Professor ai the Avtillery Academy in 5.
Petershurg, author of a treatise on crystal symmietries ).

Johan Gadolin was a member of the Academies of Stockholm,
St Petershurg and Dublin and of the scientific societies of
Gdtingen, Uppsala, Maoscow, Marburg, ete.

His production containg 38 original publications [781-1827,
including the texthook “Inledning till Chemien™ { Abo 1768
and 22 other published items in Crells Annalen or in Annales
de Chimie . Most of these papers deal with thermochemisiry
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Figore 1. — lohan Gadolin, a Finnish chemist {1 760- 1552),

NEW IOURNAL OF CHEMISTRY, VoL |2, & L12-1988 — Q398-9836/88,11-12 5K 03/% 230/ a4 CNRS-Gauthier-Villars

KYYLEVA ¥ VISHT00d YMILLIRERNDHY - SUALLIT TVOIRZHD HSIREIA

1¥A

"EnlsRXIviusTaty vl SOUUEREY g

CEERST R

[,
.




B2 P PYYES BT O OBAMA

or inorganic chemistey. For instance fis heat capacities and
farent hewts geree with later values within o few per cent ( see
ref. 1o, pp. xxii-xxiil ) Gadolin's lectures and correspondence
are alse described in the 130-vear memorial volume, refl Ie.
His adminisirative and industeial merits were only mporiant
Sor his own city and country, but not negligeable.

Gadelin was a student of Bergmuan, a good friend of Scheele
F1742-1786) and still in full command af his powers when

Berzelius (1770-1848 1 entered the scene, After the death of

Seheele he probably was the most prominent chemist in Sweden,
It is thevefore not surprising that he was sent a sample of o new
mineral, found wt Yierby near Stockholm by Caprain Carl
Axel Arehenivs and fivst veported by Geljer ¥ tradolin analvsed
the sample and reported in [794 a new Vearth’ (mainly vitrium
axide | .

The mineral { FeBe: Y8000 was fater named Ugadolinite”
and, muech larer, the element 64 Vpadoliniwm ™. In 1TES thiv
analveis was still six years ahead.

The 1788 paper “On the Ability of Copper to Precipitate Tin
[from its Selutions in Tartric Acid

In 1788 Johan Gadolin published o paper * in the Proceedings
of the Roval Swedish Academy af Sciences on a rather practival

86 1788. oJul. Aug. Sept.

Om Kopparens flrmaga at falla Temn .
ur defs Uplésning { Finflens-fyra;
af
JOHAN GADOLIN

D:t ir bekant ar en Merall ej kan upldfas
af nagon {yra, innan han fdrut blifvie (O
(att i Kalkform, famt at han fkiljes ifrdn up-
16sningen, {3 {nart han Stervinner fite metalli-
fka lynne: hvilket fker, di en annan metll
til{irtes, fom har ftorre benigenhet at antaga
Halkform och uplifas. Man vet afven at ord-
pingen, 1 hvilken metaller fdrmd ol metallilk
form reducera och filla hvarapdra, wtur deras
uplofningar 1 fyror, ar ofdrinderlig, @ vili
det affeende at en metall icke pi lika fite dter
kan fillas af de metaller, Tom han nederflagit,
{fom ock at famma ordning Iger rum, chvad
fyra ock tjent til upldsningen.

Ehuruyil detta 4r grundadt pd ovederfige-
figa r6n, {i forekomma dock flundom pheno-
mener, fom vid fOrfla paleende tyckas firida
diremot. Sadan ir den inbdrdes fillning, fom
Tenn och Koppar, i vifla fall, fororfaka pa hvar-
annans uplofningar,  Koppar uploft ab hvilken
fyra fom helft, filles i merallifke lynne dd Tenn
tilfacees , hvarefter {yran {luteligen innehaller
Tennet enfamt uplofl.  Diremoe vilar Hande-
verkares vanlipa erfarenhet, at Tenn wverkeli
gep talles i metallifk form pd Koppar, di bida
metallerna tillika kokas i Vinftens uplisning:
hvilken operation de kalla Huitkokning,

Si vida Tennet ej kan pi detta {3t fillas,
inpan det forut varic uplOit och foljakteligen

berot-

Figure 2. — The title page of ref. 4

problem, namely the procedure of tin-plating copper vessely
wging tartraies. We find this paper remarkable in fhat i
enurciates, possibly for the firse time, the existence of several
valencics of the same metal and alvo the principle of dispropor-
fomalion regetions. The same paper wag soon fransiated into
French * and German *.

This paper describes a series of experiments, started with J.
;. Cahn earlier during the same summer. The puzzle was that
“the order in which metals are able 1o reduce into metallic form
and precipitute each other, from their solutions in acids, &
wrichanged. . I the case of copper and tin, (i reduces copper.
Yei, “the common expericnoe of Ariisans shows thae Tin indeed
is previpitated in metallic form upon Copper when both metals
are simultaneously boiled in Wine Stone seluiion, which apera-
tion they call White Cooking ™.

In the paper Gadolin describes sixteen experimenis, of which
we have repeated one [ No 8. af the ariginagl paper )

188 g ¢ 10 el ) of tinf 1) chiorde, dizsadved in warer, was
added fo a hot saturated agueons solution of patassium hvdrogen
sarirate. Afier boiling the solution far about three hours, a thin
faver of tin way deposited on the copper plate.

The complexation chemisiey of both copper and wieh fartraies
is vowrplex T What s remarkable, are the Utwo general
staterents that nobody showld dispute

1. That each metal is calcinated when he combines hmself
with a substanee which s o common constituent of all mefal
chatks and also existy v aie and warer whick 1 call the
calrinating substance.

2. That a metal may take a chalk form ro varvmg extent iy

combining himself with a lavger or smaller amouns of the
calvinating substance | and thereby ofiaing o varving inclination
tor give hack a part, or {0 combine Dsell with a larger amoun
therenf™.

Fuidentlv, in [78Y, oxygen was not o new discovery. In faci,
i an appemdis 10 Cradolin's paper ! Baron N von Gedda [ritlel o
“le Principo Oxigene”™. What i remarkatle, though, v the
clear enunciation of the passibiliny of several oxidation slales
{ “degrees of calvimation”) of the same metal *. The guantum
mechanical {and possibly partially relativistic ) explanation of
the exivience of Snilf} and Sni 1V 1 is still being discssed by

theoretival chemisis ™. The fiest scientis! wii

v oexperimertally
dermonsteated the existence of two oxidation siales af 1in seens
ta have been B, Pelletior m 792"

(radodin drew in his paper five conclusiony | A Ep. Of
vl B conrdammy o olear :.":-_x.-_-.l'.'p.'rrjrl of 1 ¢.|'|'-.'l.'3rri,"l.:'rr TR 1
reaeiion

“When Tin, at the mement of dissolution, rouches another
metal, for instance Copper. which strongly attracts Metallic
TI'?r. H'H"h' 0 ORe .l:.-mr.!' r}r.'_'g CHIFQe Tt r.!_f.('r.lj_ﬂpl'r fiiw argli the
divenfved Tin closest to i, and on the other hand, the melination
of the ather dissofved tin particles o snll vombine themselves
with the amount of the caleinating subsiance, conained by the
Tin nearcsi to Copper cause a disproportionation { “sindring "/
thraugh which the last-meniioned Tin lays wselfl on the Copper
sarface. while the rest, which jorms the majority, undergoes o
greater degree of calcination.”

While we have nor tried 1o investigate whether

28l — SnilV) + Hnii) 'y

iv the reaction of central importance in the procedure mentioned,
we find this description of a disproporfionation process d vivid
one.
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Avknowledpement

Hie became sware of Gadoldin's paper * throngh a memorial
article written by the fave Professor Lars Siahfom
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ERRATA

. Oxygenation of hydrocarbons by KHS0, catalvzed by manganese porphyrin com-
plexes,

A. Robert. B. Meunier, Vew o Chem | 1989, 12, 385

L8 B

1. All the paper long (TCPP) or (TCDPP) should be read as {TDCPP) and
[OFPF) as (oFPR).
2. p. B86. left column. the paragraph “Results and Discussion™ should begin as

LR

follows: “The abiity of KHSO, to behave as 4 single oxygen atom donor,
: ZhyECD
3. p. 888, left column, | st paragraph. 4 lines before the end, should he read as
follows: “Le. with Mn(TMP} Ol and MniTDCPP ] regroselectivity increases:
85/15 and 90,10 respectively,.,™

4. p. 888, left column, |ast paragraph, 3 lines before the end, should he read as
follows: “furthermore the rates dre at least 5 to 20 times higher with
Mn(TPPIOAc than with Mn{TDCPPICl or Mni{TMP) C1..."

5. p. 889, right column, first paragraph, line 4: “Art higher olefin concentrations

{above 0.6 M), the order with respect to the olefin decreased from one partial
order.™

8. p. 892, right column, first paragraph, line & should be read "Ry kp=11.5" in
Place of kyky,

7. p. 892, right column, second paragraph, line 3: “in the hydroxviation of perdey-
terated cyclohexane...”,

8. p. 893, nght column, | st paragraph, line 4 should be read: “to recover the
manganese catalyst at the end of each run.™

9. p. 894, paragraph 2. lines 7 and 8 of the

gayel 1NUEES URENUTE] RIFALS FISEY

=
column should be read as follows: E
(i} aromatic derivatives, except.,” e
10. p. 894, paragraph 3, lines 4 1o 7 of the left column should be read as follows: e
“except for cis-stilbene, an olefin _sensitive to  stereochemical change in Ere
manganese-porphyrin catalyred cpoxdations,.,. ", ®

11, p. 895, left column. title of

paragraph B should be read as follows: “Oxidation
150 Mo IFE’J{'JAL' i Figure 2).

L Chemical Past Times: Johan Gadolin's 1788
states of tin and their disproportionation reacti

of Various Pyridines by KJ

paper mentioning the several oxidation
0.

P. Pyskkd, O Orama, New J. Chem., [988, 12, 881,
The figure | should have been printed as follows:

Vit

TinnE 6}[IN EIET[TEETET

“ETNATRIEL

14l

[I,-";f-;,r -.' g o .-)T '.'!'IL (\_{\R‘ m,yf‘-—}
f?ﬂ ;{’3/) J;f.ﬂ { @) {rjgg}

UNABUGTITEA WITI] FJEQ:?EA A 3w




