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of @ thermal decowposition of both glucose and fructose and also, the
mww-mmmauﬁnammﬂm‘mwm

49 ensdy as 1919, the phewmenon of burning sugar in sigaretie ash
was noted by Cs Thomss (9)s In a short article on the subject, Thomae
gtated that he believed the catalytic sction of fervie oxdde in the ash
eanged the suger to burn with o blulsh flame.
In 1920, Dy be Brandt (2) trded without success to repeat Thomae's
After extensive resesrch snd testing, Jo Arvid Hedvall (6) published,
mmwmm&mmmamwmwwwmmu

Be Alunimam, iron, Mickel (fileings)
G, Mitrie acid, acetic acid
Da MZ' m ¥ ms)z wz



B m vosle oxides and hydroxides
B, O, 0, Sb.0,5 B 0, 00, Fo,0. (Fell Nadil at 700 C)

datalysts walch saused the gugar bo burn leaving 3 dark residuss
B, most salts

Then in 1925, G Kiein (7) sttempted the first controlled reaction
of sugars (both aldoses and ketoses) with diffevent types of catalysts.
hyde, with snsll traces of orgenic acids,

Move recently, Seidchi Oli (8) studied, specifically, the platinum
cstalytic oxddation of Lefucitol. The reactants were placed in a reaction
vessel through which alr wes bubbled, At the end of the reaction, acetdc
acdd was found in the aly, The vemaksble reduelbility of the rescted
solution cauged bdm to believe that there might be internediate aldehydes.
mmafwwmammmmmmmm From these
vesulte, the following mechanisn was proposed:
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Mm,amnmm)mmmmam
mww«:mﬁmmmwmwm
aldetydes, W,mmmmm Aeids would indicate
an oxidation during the decomposition and thus, a possibility that
Cleui'e veaction and Fedwall catalysts would prevail even in an inert
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A11 peactions were carvied out in a helium atmosphere,
mmww@mmummwmm. A silicone oil
bath wis employed to assure even heating. A wvariac supplied a varisble
voltags %o & filssent of colled nierome wird. ALl tubing and glassware
Was ryrex, MWWmmﬂmwm
of the products, The instrument uged for anslysis was & Peridneilaer model
15keD vapor phase refractoueter, with a S.08.cs saspling stischoent, The
m@mmmwmmm»um«maawmww
ities using an B colwm (U con polygyeol LB-550-X), This is & mederstely
nolar general purpest esluan for maderate temperatures (Up to 200°C),
mmwmmmMmmwmmmm. Por
mma,mmwemawmmuwwwmumﬁ
soconds, mm‘mmmtmmm,uwumum-m
meagure the retention time of each peak,

Helfum was chossn a3 the gas to supply the inert atmosphere since this
wap slso the carrder gas of the V.P.0.




)

7un |ooLunn meluin:  bubbling sancling

100 |ue | 1o |11, 260, 310, 260, 199, 20
:

5

200 | 11k | 1k 307, 118, 19, 150, 166, 26k, 192
00 | 160 | 170 16, 160, 170, 176, 175, 152, 169, A2

!,, ’ — - o ety

The sample began to condemse ond veflux in the trep and flask
ab 150°0, A% 200°0,, the substenve in the flask twmed to black,
carbon residus, This gréph (14) vevesled only one major pesk whieh
o be waters

b sertels anount of distillate was caught in the trap, This wes
analyzed diveotly by the VPG, (graph 1B), on & relstively low
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senadtdvity (x328), mmmwﬁgdnnmmmm
Hergeway the distilled product was yellowegreen in color and acidie
to 18tmas, :

mwwmmam,zmmycwmww)

The swse black residus formed st 1180, By 195 °C., the reaction
was complete, The catalyst had e marked effect upon the teuperature
at widch the reaction started, It showld aleo be noted that the car-

The gragh of this reaction (graph 24) is very similar to graph 14,
That is, only one major pesk, water, is present, lowever, the water
pesk is much larger in graph 24 than in greph 1A, Again the trapped
distillate was smalywed (graph 25) and fownd to conbain the same waler
pealts Thore were & mwber of veyy suall pesks which would have been
more clearly disvernible ab e higher sensdbivity,

2w #3 - distdllation of 0 g. of glucose,

At this poinmt, a distiliation in inert atmosphere was performed,
The nbjestive was to obiain larger smounts of the liquid distillate,
The apparstus shown in diagrem 2 was used for tids and all other
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fun #l - ddetidiation,

4 bodling point was yun on the yellowebroun iiquid distillate,
direotly in the V.P.C. These two yuns were compared with runs of scetid
and butyric acids and water,

The major peaks of fractions, LA and LB (see dota) appear on
graphe LA and L, These peaks agreed completely with that of water
{grogh L0), The peaks of edther acetic or butyrie acids { graph LD
and LB, respectively) did not have the same time releution as the
winor pesk of LB, It is possible that the relatively large vater
pesk displaced the minor pesk, still leaving the possiblity that thie
peak wes either acetic or bubyric acid,

fun #5 = 10 g. fructose,

The mecurde chloride catalyst did lower the temperature of the
deconpostion, lowewer, no other information could be gathercd with
reapect to producte and mechanism. 4 number of very minor peaks had
been noticed in this and preceeding runs, Therefure, if there were
wmwwmmmmmawmmmum
product, they were in very small amounts, It was decided to try &
greater sengltivity and a diffevent sugar, fructose, in s decomposition
with inversittent ges sampling (dlagrem 1),

4t fivst, the only pesk cbserved uas water (graph 54), TFowever,
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the size of this pesk decressed with incressing time and temperature.
At » saspling tempersture of 182°C., the water pesk was spproximately
ummmmuﬁ%ymummmmmmﬁ%am
s wide, difuse band appeared st 182°C, At succeeding sampling tem-
peratures, this peak decreased in size unidl at 21270, 4% was visible
only ov X1 sensitivity.

The sase yellow-green distillate was found 4n the trape A VaPuG,
wag run on the distillate, A mumber of peaks wers found using the
tigher sensitivities, but not the wide, diffuse band (graph 58). As
in the case of all lquid semples, only ten microliters of distillate
wap suslyzed, Tris would be a smaller amount of produst svalysed
giisn used Tor ges samples, Thus the larger swount of carbonyl pro-
duced by the decomposition sould have a greater probability of reavt-
Mlﬁwmmﬂmlmm&mmﬂwlm%mmxwmt
of easily vaporiged carbomyl in the liquid sample, Accepiing this,
4t ie possible to believe that the wide diffuse band was due
W&awwmmmmm»mmmmmwm%
are the asids snd/or carbonyle in ssaller muounté.

mmmwmtmmmmtmmwmunﬁm
Yitwus, Howover, it was spossidle to couslude whether aldehydes
oF ketones or both were prescnt 88 produsts. Therefore, & qualitative
ovgarde snalyels was attempted, In order %o have emough product for
mium‘wwmt@mmmtmmw%tﬁmm
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was distilled in the same memmer o fun #3, Thres fractions totale
ing approwimstely eight ml, of oroduct were obtadned,

Uging the proeudure of Shriner, Fuson, and Curtin 2,4 dirdtro-

wirorencs of the carbumyls were prepared using 2,4 dinitroe
phenylhydrasice solution (3). 4 melting point of the solid derivative
was in & ronge from 115-1L0"Csy snd therefore inconclusive as %o what
carbongls vare present, The possibilitios melting in the sbave range
ares

(1) formaldebyde

(3) acstone

(k) methyl ethy) wetone

1P edther of the sbove ketones were present, it would appear
w»mw«wmmmmmmmm
of effect on the reaction. The bond snergy of the ¢—0 bond 18 173
kWWWWWMW%#MGﬁMmW
& cal/mole and 79 k cal/mole respoctively, Thus, there is & greater
not the formers

MWMuMMWﬁWmem
kotomgroup 1t soeued plausible that any of the following acids sight
be present as productss




(o)

(1) scetic seid

{2) propiosde acld

(3) bubyric aeid

L) waleric seid

It wus felt that paper chremategraphy night substantiate or
eliminste some or sll of the possibilities, Por he best possible
resulis, it wes deeided thot twenty-four hour, teo demensional
knowns could b compared wth chyomatograms of the possible aclds
and carbonyls by thely relstive rates of flow, The procedure was
carriod out in a larpe glass tank with a plate glass top sealled with
stopecock gresse (dlagram 3), Dowex #) chromatogran paper was cub
mmmmmmuummﬂ;umwmm.
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1e poper strips were waghed once with
8a 20 pootic acid
by water
os 100 swwrdus hydroxide
By solvent in 15} wluwesvolume rstio
2« 19 ¥ swonium hydroxide
Gy developer
1 mg, of bromoresol green in 300 ml, of water made
31 carborgl chwomatoprans
A, prepsration of paper
1. paper strips were washed onoe with
as ) percent omalie sold
by waber
2, paper strips weve allowed o dry
B, solvent in 1) wolwmewvoluse ratio
1. 95 percent ethanol
2, potreleun ether
Ge developer
350 mge of 2,1 dlsdtrophenyliwasine in 20 nl, of cone
mmmmemmwwmmumm

ke
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3% the end of the twenty=four hour period, the Chrematograns
{13ustrated in dlsgram 3, The acid and carbonyl chromstogras are
ghown se praphs 64 and 6B respectively. Apeording to thage chromatoe
mmmmazﬁwwmwgm memm
MMMWWMMMmmwg
'mwmmmwmwmmmmmum
Bothy of eash

There were oight possible compounds present in the decompesition
sdxture, It wos decided that a catalog of possilile kowns should
be made using the vapor phase. These knowns could be compared with
mmm«wmammmmmm Baecause
MWMWMWWMWMMWW»
m%#waW,MW%MaM%ﬁWwM The rans
of known carbonyls appear compositely dn gragh The e runs of water
mwm&.mtnwmm,wwwwm

mau?ﬁ.mmmmwwmmm
e fructose distillate (graphs BA,B,C respectively)s Referring to
mmmﬁmmmmmmﬂwmwuu
pregents :
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{1) waber

{2) formdc asid

(3) Zormaddeinyde

{l) propionic seid

{5) butyeds acid

(6) valorie sotd

Gomposing the relstive mwunts of produchs in the three
wmm&utrwm&ﬁwmmamwammnm
the amouwnh of formeldelyde, butyric acid, propleonic acdd, and valerie
sedd inereased nsrkedly, It must be noted thet the intermediste acid,
acetde acid 4id not show in the chromatograpbe It is possille that
wmmwmwmmwm

It was pext desided to determine the products of o catalysed
reastion, Onoe again, wecurie chloride (type IIl Hedvsll satalyst)
was employed, bub this tlwe using fructone, 10 grams of fructose
were nixsd with 10 graiss of meeurie chloride, The mixture ves dise
tilied using the spparatus of diagram 2. Tris distillate was then
ran. through the V,P.Ce The results sre shown in graph 9. This graph
is very similar to graph Bis e same products wers present and in
approximately the same proportion, Againy it s possible Huat the
ate, Mwmvumﬁlwmtwwmmﬁmam




#he solution did not have the characteristic smell of the previous
diatillate but that of hydrogen chlomide, Adding o suall suount of
silver rdtrate prodused a widte precipitate whieh wes believed 1o be
gilver shlopride, Drom thls, it wes supposed that chlovide lons were
present in the distillate, This would indicate that the mecuric chlor-
ide wss vedused to chloride lons, and possibly free merewry might
be left in the resction flask.

.m,uﬁmmw.mnummmwnm
mmmum. L0 groms of fructose was mixed Shroughw
iy with § groms of powderod zine and distilled using the apparstus
of dlagren 2, Imsedistely after the distillation, the V,P.G, sppeare
ing n gropy 10 vas run, AS usval, the lergest produst Was water,
;mmmmmmuammammmmm
vare also present, ammmmMuﬁwmm
that of sestone. M,MMMWMWM
in reality could be one product, were noted,
on the TuP,0s There wes & mavked change in the Ghape of the curve,
The amount of water had Ween halved, A snall incvease in the smount
of acetone vag noted, Also, there was evidence of the presence of
fomsidenyde vith  decrease in formio sclds fre asount of propionie
acid hod decreased with the development of & psak of equal sise near
wﬁmmwmmmmmwm.wmu
remaineds It soemed thot acetone was now present. It wap decided
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thet the tup pesks of the previous graph, 104, were acetaldelyde
aeerin acid disnisced by the large mmowd of water present which had
Sawwted the entire slope of that particular grashs It should be
noted from graphs 74 and 75 that this seld and carbonyl bave aboub
equal retention time, Thls would indicste thet it wes Vhe scetaldenyde
had been somverted to acetone and that 4t was the scetie aeld which
had deersased,

It wes noted that the vesidue of the flask ves e brittle, gray
sibstanes whdoh malted betveen 26° and 30 °C, Upon melsing particles
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sarbon atoug, AlSo, the presence of acids would indicste that an
oxidation of the slesholis sugar grovpdngs alsc ocoums.
lemaﬁquMume
the forsie aeid was reduced, producing formaldehyde, Slight evidence
for agetic acid was found only in the last rum. However, scetaldehyde
in & omsll mmount was also preceived in this mm. This would be alight
evidsnce that the acetic scid alse was reduced to avetaldehyde. It
wmvmamammmww.:mmma
For the pure fructose and sine catalyzed fructose desompositions,
the smouwnts of butyrie and valerie scids incressed with ivcressing
WMMMWMMMWWM This would
{ndicate that the fructose molecule tends to bresk mear the kelo group.
ztummmwmmmmmm
to forn propiontc agid and agetons, leaving the G O bond intact due
wmmmmmwuwmmf
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It ghould be romesbered that very large ancunts of waber were
found in the products of all decomposition, This would indicate &
condensation accompanied by repesting oxidation and reduction,
Wﬂwhmwmﬁrmﬁwmﬂamm
hydrate:

&—M%- }  HoH

c
Mwmummmmmwunamz
B ¢ B2, RoWOH
!
If, aamum,murmwmwmmmw
oxidizod sarbon were to besone hydroxylated, the product would be
MWM@IM‘WM“W-%%MWW@&N

T
mawﬂnc:——a\‘  #50n x

This series of roactions (b) eould be applied to the decomposition
of sugurs. mwxwummwa»mmu
given off, mmmnmawmmmmwwm
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The sldebyde rescts with the water of conformstion or the water of
o ion o produsce seids or reduced to primary slechols whieh
again produce aldehydes in a continuous reastion. This would intime
ate that the presence of ketones is charscteristic of keto~hexose
m&ﬁmmmmmmmmmwmmmm

It soems that ecatslysts in genersl do lower the decomposition
teppersture, lowever, it appesrs that the cabalysts do not csuse s
ghange in the oversll rate due to the fact that in cach case studied,
the catalysts entered into the veschlon, forming finel products of
ite owne




mmmwmmmmm It should

umwmwammmﬁmmtm

seperated, And, 4f the theory of veaction is correct, aleshols should
n»mmmmmmmummmmmmﬂuwzm
to be analyseds

Inteynittent gas sampling was found to be of litile use because
some of the gases condensed before they reached the saspler. Anslysis
iz eagiest when the sugay is distilled, Por best remilts, the dle-
tillate shoul be kept out of comtact with the siy, since auto oxida-
tion will contimue even after the reaction returns to roou temperature,

Further reactions should be camrdied on a large scale in order
to obtain larger smounts of produnts. Perhape then the balance of
the water eould be eliminated by drying, Alss, in sone memer, &
theymometer should be placed in the decomposition flask to find out
exactly the tempersture at which the distillation begins.

Congiderably more work showld be done using glucose, Thenm, since
sucrose is derived from glueose and frustoss, this sugar should be
studied.

Hore of both Hedvall type I and type II catalysts should be stude
jed, It should prove worthwhile to study the astion of the catalyst
when placed sbove the sugsr, in the midst of the decomposition vapor,
the trensition catalysts should be studied in detuil, especlally those




{20)
with two resdily acces:ible oxidation states (11).
dnother interesting aspect to study would be the effect of antd
uvxidents such as phenols and avomatic suines, ;
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