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If one takes o cube of cane sugar and holds s lighted
mateh oy Bunsen burner %« it, the suger will net bura but
will only melt and caramelise a little. 1If, however, & cubdbe
is touched to some cigarette ash and then held to & flame,
the oube of sugur will burn with & sputtering dlue flame and
will continue to burn even after the flame is pulled away
until all of the ash has dripped off the cube. Thie is the
basie for a little~known after-dinner trick demonstrating the
catalytie effect that vome materials have on augar.

The primary object of the yriunnt series of experinents
was Yo add information about the catalytic combustion of
sugar to the precent knowledge for the eventual detersminstion
of the reaction mechanism. The decomposition products of a
aimple sugar, glucese, with and without ﬂn2®a3 catalyst were
to be deternined in an attempt to see what differences in the
deconposition products, qualitatively or gquantitatively, or
in the decomposition temperatures were obtained. Vapor phsse
chromatography was tried as the means of analysis.

One of the earlies references to the catalytic combuse
tion of suger with tobacco ssh was made by C. Thomae in 1919
(9)s Thomae asounmed that the phenomenon wae due to the pres-
ence of Fe,04 in the ash,

In 1920 J. Arvid Hedevall published a report of experi-
ments (4) in which he observed the effects of varioue addi-
tives on the combustion of cane sugars. le classified these



addivives into three groups accordint to thelr eifect on

. sugay combustion. These groups weres |

1; Additives showing no chunge in observed combustion.
mmm were Hel, ngog, &(w)g, m.oa_. Mﬂa. ml, SnO,,
Asy 0y Ory04y YN0Ogy U0y ¥n0y Fey0, (under certain condi-
tions), WiG, Al and Hi filings,

23 Additives causing the sugar to burst into flemes and emit

smoke ringe, yieldin: a normal ash.
ineluded were oxides of alkalis, alkaline earths, and heavy
metale excepting those listed above,

3; additives causing the sugar to burn with & flame and emit

smoke ri#gs, vielding a black porous residue.
Included were halogens and halogen salie (exeept Ca¥p),
PyOgs Hy80,, 80,4 CuS0,, PeS0,, alkall end alkaline earth
salte excepting (334)3395‘

Hedevall also observed that the intensity of the flame and

the amount and shape of the residue were dependent on the

sdditive, '

In an article published in 1930, J. Pucherna (6) also
discussed the effeot of additives on sugar caramelization.
Hany specific ezamples were presented and were divided into
three groups according to the coloration produced by, 1
dissolving the caramel and filtering, and 2; treatment with
dilute NaCH, In addition he observed that the small color-
ation with alkaline reactions formed by acetates and chlorides
indicates & decomposition of suorcse inte glucose and fruc-
tose with non-slkaline reactions which readily gives rise %o



coloration,

Pucherna also stated that suerose liberates an eguiva~
lent quantity of an seid when the sslt of that meid is used
as the additive., Additives of one of the groups when added
in sufficient quantity, csused fosming and intensive odors
suggesting C i CHO, These solutions became seid. Aleo pro-
posed was that sucrose may exert its dieleectric properties
as a solvent for the salte capable of diesociation. The
abastract is mainly & jumble of observations, seenmingly un-
related, some of which appear to be contradictory.

In 1935 B. H. Riesenfeld and ¥. Huller published an
article (&) in whioh they stated that the slkali salts in
the tobaccds ash had more effect on the combustion of sugar
than the iron content as originslly proposed by Thomae.

In the sane year J. A« Awbler snd 5, Byall published
the results of experimente dealing with "Impuritics in Vhite
tugar” (1), They also divided the nonsugur additives into
three clasnes according to their effect on sucrose. These
classes were:

1; Additives that incremsed inversion of sucrose and decreased

caramelization. The resultant hot syrupe were scidic.
Included were salis whose aqueous solutions are neutral or
acidic.

23 Additives that decremged inversion of sucrose and increased

carenelization. The resultsnt hot syrups were mlkaline.
Included were salvs which react os alkaline and salts of
strong bases with volatile aoclds.



31 Additives that inereased inversion of sucrose and increased
caranelization due to secondary reactions of non-sugars with
 the invert sugar. : |
~ Included were ¥H,' salte, amino acido, and iron salts.

 4s with Pucherna, Aubler and Byall found that the acldie
properties of suorose increased with inereasing tmmmo.
This amounts to an suto-inversion of the suerose by heats In
reference %o the above groupinge they observed that ions of
strong acids were formed in hot solution for neutral salts
of group 1, These 4id not volatilize until & high temperature
waas reacheds Yor the additives of group 2, they stated that
the resultant alkalinity sets as & buffering agent and ine
hibits the inversion. The nom-sugars of group J were observed
t0 be acidie in sclution. It was alec proposed that the re-
action invelved in alkaline solution is & decomposition of
suorose with formmtion of reduecing substances of aldehyde or
ketone types with small inversion due to lecalised momentary
1iberation of X', Caramelisation was thought to be due %o a
further decomposition by heat of the invert suger formed and
reducing substances containing carbonyl groups.

J. ¥, Day, in 1936 (2) listed & lorge number of metal
oxide catalyste in order of their effectiveness on the oxide-
tion of carbon. A large number of heavy metal oxides were
significantly on the positive eide.

In 1961, Re %, Day (3) obeerved that the presence of
additives which catalysed the combusilon of sugar caused e
significant decveace in both the melting polnt and the



deponposition temperature of sucrose, By similar observations
‘uu<umnuiVal it was concluded that the catalysie was generally
independent of the carbenyl groups snd ether linkages in care
bohydrates, It was sleo shown that Na,C0,, halides of heavy
metals, and ¥H,Cl had a moderate %o strong effect on cataly-
sisy HaCl and heavy metal oxides had no or little effect.

The rate of decomposition of suecrese with xagaas and neexg
were deternined by thermogravismetlry with relatively incon-
clusive resulto,

Kost of the literature up to the present time dealing
with combustion and relsted effecte of sugar concerns itnalt
mainly with experimental observations.: Ho mechenisn seems to
have been put forth, This ies nost likely due %o the prodable
complexity of the mechanism or to the possibility of more

than one.

gas line: In attempiing to determine the decomposition
products & gas line was firet set up. The arrungenent of
the unite are shown in the accompanying disgram #l, Nitre~
gen was passed over the sanple sugor ﬁotﬂg &oaunpamc& to
provide an inert atmosphere and prevent oxidation, The nl-
trogen then moted as a carrier for the decomposition prod-
uots delivering them to the individual trap® further on in
the line.

Two Dewar {lasks containing dry ice - scetone mixtures
were used as cold trape. A side arm test tube containing e
long plece of glass tubing was placed into the %top of the



Dewar. The tubing acted as inlet and the side-arm es cutlet
for the aitrogen line, The first cold trap was used to col-
loct any moisture or hﬁw&mm impurities present in the
nitrogen h«tm it entered the gas line. The second was
used to trap the 0, 00,, and volatile hydroearbens given
off by the decomposing suger, These were to be analysed
later by vapor phase chromatography. '

The cumum flask was immersed in a paraffin bath
for temperature regulation. 4 thersometer was placed in the
paraffin. The nitrogen line wes passed through the bath in
& spiral of brass tubing before entering the flask, This
was an attempt to minimize any cooling of the sample at high
teuporatures due %o ‘mh incoming gae. 7The bath was M\Mﬂ
vith & Buneen burner. 3Beceuse of the dunger of inflamme
vility and the quentities of smoke given off at high temper-
atures, the peraffin was replaced by & silicone bath composed
of pilicone ol plus 0,065 by welight of irem in iren octoate
to prevent decomposition of the silicone odl at high tempere
atures. An electric heating elemant aleo replaced the Bunsen
burner. This was made by placing & coiled nichrome wire in
s coil of Pyrex glase tubing end placing this in the bath
underneath the flask, fThe temperaturse was controlled by
varying the voltage with a Variae variable voltage control.

" The tempersture bath was stirred by hand,

' The long horizontal Pyrex oxidation tube was partially
£11104 with Ou0 gremules and heated with a Bunsen burmer
during the runs. Any €O end H, earried from the decomposi-



ton flaek were oxidiszed %o 00, and H,0 here and collected
further on in the line.

Two bubble traps half filled with XOH selutdon were used
to eollect €O, by producing K C0ys These tubes were to be
titrated after sach yun to determine the emownt of €0, gein,
The firet trap collected any €O, not teken out of the line by
‘the cold trap. The seccnd trap collected CO, which was
formed from the oxidation of eny €O pﬂcmﬁ in the lmpauia
tion products. The oxidetion was carried out in the oxidation
tube. 4

Two OaCl, drying tubes were used in the line. The first,
& U~tube, was used to dry out the nitrogen carrier after
pussing through the firet bubble trap. The second consisted
of & Kidvele buldb which was weighed before and after each run
to determine the amount of water produced from the oxidation
of any H, prevent in the decomposition wmtt;

This gas line had several serious drawbacke, A eignifie
cant pressure duilt up in the line due %o the bubbling
through solutions. ILeskages readily cccurred even when rub-
ber stoppers replsced corks. Ome cold trap following the
decomposition flesk was not sufficient and much of the
produete dissolved in the succeeding bubble trap. In addi-
tion, the cold trap alamm&- up after about 70 mmtq: of run
preventing any continuation of the experinent. The entire
pet up was cumbersome and the analysis was time consuming.
to the gae line and to increase the ease and speed of deter-




nining the decomposition products the individusl absorbing
tubes and traps were done away with. The appuratus arrange-
ment is shown in diagram #2, The decomposition products
were sampled intermittently by the vapor phase chromatograph
directly from the decomposition flask at various temperatures
as the sanple temperature was being ralsed. In order %o
prevent condensed products flowing inte the gas sampler,

the delivery tube was colled. A bubble counter was placed
st the outlet of the gas sampler to permit determination of
the relative flow rate of the nitrogens Almost all of the
experinents were ¢arried out using this mu‘ of sampling
technique rather than the cold traps.

Pistillati To obtain a liquid sample of the decom~
position products a distillation asrrangement was set up as
ghow in drawierg #%., The silicone oil bath arrangement was
again used for temperature regulation., NHitrogen gas was
slovly pessed through the decomposition flask as in the
intermittent gas sampling technique in order to aveld oxi-
dation. 1t then carried the vapors of the decomposition
producte through o condenser and finally inte a flask

cooled in an ice beth where the distillate was collected.
The attempt at identifieation

inirared Hpeetromgury:
of distillates and residues with asetic seid was carried cut
on & Perkin-Elmer Model 21 Infrared Spectrophotometer.

vapor Fhase Chromatography (VFPG): A Perkin~Elmer
%odel 154 Yapor Practometer with an sttached autonatic Leeds
and Northrup Opeedomax Vapor Practometer Recorder was used



for the major portion of anslysis carried ocut in these exper~
imente, For liquid samplings 10,1 was introduced into the
chromatograph with a microliter syringe. Por gaseous samples,
& 0.25ce gue senpling Velw was firet ﬁm to sample dimtly
frem the decomposition tlnﬁk; When 1t later became evident
that this did not provide great enough sensitivity it wae
replaced by a S5.0ce gas sampling velve,

m froctometer columms were used, Initially column J,

& 2 meter silica gel volumn was used for separation. In order
to improve on identificetion of organic acids this was later
replaced by column R, a 1 meter eolurn rillce with ncan poly-
513'@01 ms-s':%x. :

W Beeause of lmmu in the gae line and diffie-
culties in the analysis of the individusl thawhm, ne inter~
pretable resulis were obtained by this nethod. From the
analysis of the materisl trapped by the dry ice - acetone
bath nothing was observed. This was due mainly to the fact
that the column used initially in the experinments, column J,
did not show water peake and any €U, trapped had veporised
and leaked away before analysis.
iraphg: All the graphs reproduced here were obtalned
by vepor phase chromatography (VFC) with the exceptien of
part of greph £7. The background was always Suken aa 10
units vertical and this was aleo the starting point of each
graph, All peak heighte ave times one (x1) unless otherwise
specified., The multiplying factors appear above the graph at
the peak noted., The small numbers appearing below the peaks
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represent distances from the start for easy reference. Bew
cause of the nature of the recorder, the graphs alwaeys run
from right to left., fThe data appearing in perenthesis below
the ‘title of the graph represents the column used, the eole
umn temperature, and the size et‘w'mxw’w-—un of 1ig-
uid sample introduced by syringe. | .

A1l semple temperatures given in the text of this report
are the temperatures of the bath surrounding the decomposition
flask at the time of sampling.

Sample size = 10 greme of glucose

sampling temperatures (°C) = 169, 191, 200, 224, 220, 232, 248,
258, 25T

Nitrogen peaks = approx. 36 (x64) R

semple melting tenpersture = sample began to melt at about 165°%,

Comments = With the firet sampling at 169° o very wide 8iffuse
bend éppeared (see graph #1A). 00, began to appear at 255°
and 257° 4n small amounts (peake = 6 end 4 respectively).

Semple sise = 10 grame of glucose

sampling temperatures (°C) = 161, 171, 181, 191, 201, 211, 224,
234, 262, 251, 257, 266, 276, 267

¥itrogen peeks = approx 36 (x64)

Sample melting temperature = sample began to melt at about 160%,

Comments = 7ith the firet sanmpling the very wide diffuse band
again appeared (see graph f1B)« €0y began to apm at 251°
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end continued to come off in smsll emounts up to the end
(peaks = 0.5, 13, 3, 7, and 13 respectively)

Sample sise = 10 grams of glucose + Ye,00; mixture
Sempling temperatures (°¢) = 139, 153, 169, 175, 190, 220, 239
Hitrogen pesks = approx 35 (x64)
Semple melting temperature = sample began to melt at sbout 135°,
Comments = A high degree of bubbling due to the presence of
C0, wae obeerved. (0, appeared with the first sampling and
large amounts continued to come off (pesks = 4, 84, 76 (x2),
68 (x2), 90, 52, and 78 respectively).

Bigcussalion « (VPC = Ws Using column J at 100°
the wide diffuse band appeared in both runs of glucose alone
but 444 not appear in the run of glucose mied with fa,004.

In an attempt to identify these bands 87% formic acid, fora-
aldehyde, acntaldehyle, and eliw'ul acetie acld were each run
through the column (wee graphs #24,8,0,1)s Distilied water
was alse tried giving a graph such as graph #7. Only the
glaciel acetic gave the sume 'typn of band but with less
height than those obtained in runs 1 and 2,

The bodling point of mcetic acid is 118°. Since the
column temperature wos held at 100° the acid paseed through
as & liguid. As such, a M peak is virtually inpossible
to abm and & broad diffuse band results. The behavier
observed here could be expected for any substituent with a
boiling point greater than 100°. It is gquite likely that the
decomposition products are low molecular welght orgenic sub-
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stituents, Since simple aldehydes, sleohols, and ketones sll
boil at less than 100° 1t can reasonably be assumed that the
band is due to acetic meld and any higher weight organiec
acids which may be present.

The mltiag tenperatures of the sugsyr samples were low-
ered by about 30° with the addition of Na,00y, Temperatures
above 250° were required to liberate 0O, with glucose alone.
However, GO, came off readily and in comparatively much
larger amounts at temperatures as much as 100° lower when
Ye,004 was added. It has M@n observed that Na,C0, dlssoci-
ates to a very large extent when an agueous solution of the
salt is boiled (5). It ie probable that the libveration of
€0y may occur due to hydrolysis by the water produced on de-
composition.

\ Distillation: An attenpt was made to condense the de-
composition producte out of the system instead of passing
the vapors directly into the VPC, The apparatus used (asee
drawing #3) was pimilar to that for the internitient gas
sampling, but a condenser and ice bath were sdded. A 5 gram

semple of glucose alone was distilled and vapors collected
This range was chosed because

over the range 160" - 1809,
the wide bands observed in runs 1 and 2 appesred at 169° and
161°, A very small amount of liguid was obiained which was
slightly seid to litmue. ;

A 1l0ce sample of the distillate was put through the VPC
ueing column R at 150, fThe graph obtained {graph #9) wae
very similar to that of distilled water (graph #7). A emall
bunp appeared on the downward nldpc of the curve at 16 unite,
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This corresponds well with dilute propionic or extensively
dilute acetic acid, the latter probably being the more likely
because of the very weak acidic properties and low temperatures
of the distillatien, | ' i

Infrared Spectra: Infrared spectra were determined for
the above distillate, glacial acetic ncid, and BV acetic acld
on HaCl plates. These were compared with a spectrum of water
in the literature (7). The distillate and 21 acetic produced
spectra which agreed very closely witih each other, but aleo
agreed more closely with fhorwutex gpectrum. This was to be
expected since both the distillate and 2N qnitic are moetly
compesed of water. Acetic acid did appear elightly in the
graph of 26 acetic but not in the distillate graph., Thie
could possibly be due to the extreme dilution of any meid
present or to the presence of a different mcid. Thus this

attenpt was inconcliusive.
Infrered spectrs were slso determined on the distillation

residue snd on giucose, each finely ground and dissolved in
Hujol, and on the Nujol itself. Absorption was Very high
for most of the range of the spectra, thus net permitting
any conclusive results again.

m B > 1307 - 5.0c¢

Sample size = 7 grams of gluecose
Bampling temperatures (°C) = 145, 165, 177, 186, 187, 195, 205,

215, 226, 236, 245, 257 258, 265, 275, 285, 300
Hitrogen peasks = approx 70 (x128)
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Sample melting temperature = sample begen to melt at about 160°,
Cbservations = (see graphs 34A-K); 205°%, the glucose sample
began to bubble somewhat ' '
215°, 1ight white emoke began to be given off
226°, the sample begen to turn bluﬁk s
Comments = At 257° the run was discontinued because of lack
of time to continue. The sample was allowed to cool in the
Ny atmosphere. The run wae restarted the next day at 25a°
with only a small lag in the succession of results.

Sample size = 7 grame of mixture

Sampling temperatures (“¢) = 1%0, 145, 156, 167, 177, 185, 197,
205, 215, 225, 275, 244, 253

Hitrogen pesks = approx T0 (x128)

Sample melting temperature = sample began to melt at about 130°,

Observations = (see graphs 44-1); 130°, the ssmple began to
puff up and turn brown., This was due to the €U, given off
a8 shown by run 3.
177°, dark black splotches sppeared in the melt. These were
probably due o localiszed lowering of the melting tempera-
ture by Ne,00; because of insufficiently thorough mizing.
Heavy bubbling also appeared.
185°, sample had turned almost completely black

Comments = At 197° vepor was condeneing in the delivery tube
and undoubtedly a small smount ran over the neck, down into
the gas sampler and was introduced into the VFC as liguid
rather than vapor, producing the unexpected curve (see



graph #41),

08¢ ras soam »&. er oy 0.1 diguid): In order to
identify the peaks sppearing in the graphs of runs 4 and % and
of the condensates presented later, graphs of vsrious low
nolecular weilght organic substituents were obtained. Acetal-
dehyde (freshly distilled), acetone, methanol, and ethancl
all showed pesks at 2 unite from the sempling points (graph
#104~D). Then diluted 1:1 with distilled water these peaks
¢lther coincided with the water peaks or if displaced were
nasked by them and therefore did not appear. In gny case the
displacement could not have been more than a few unite.

Since organic scids were suspeoted, the graphe of the
four simplest of these were determined both concentrated and
diluted 1l with distilled water (graphs 5i-D). Dilutions
of 131 showed & displacement of sbout 2 to 3 unite in each
case, The exceedingly dilute acetic seid (or 2H) showed a
further displacement of 2 units., This behavior cen be expect-~
ed for the other acids, too, the amount of further displace~
ment increasing slightly perhaps with inereesing molecular
weight of the acids, The organic acids, unlike the other
organic substituents tried, showed & broad downward sloping
tadl similar to that observed for water, In the higher
moleculsr weight acide, 8s would be expected, various peaks
occur between the water and acid pesks., These represent
impurities or decomposition products of the aecids.

HC1 was added to NaHCO4 in a flask previously flushed
with §, and the 00, generated was sampled in the VFC. The
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resulting graph (graph #8) showed a peak at 3 unite. The
emell amount of G0, compared with N, can be attridbuted to
failure %o generate enough 00, to completely drive out all
the W, prior to sampling,

'y o

L'...u.{f’ BEOBEwN8 Ul SERE (VPG e

.= Bune 4 and 5 ¢ Vith these two runs a 5.0ce
gas sampler was used in place of the 0.2%cc sampler. The
sensitivity of the deterninations was considerably inereased.
great care was also taken in stirring the silicone bath in
these experinents, e precaution not teken previously. Thie
ingured that the temperature recorded as the sampling teme
perature was the true temperature of the bath. A drop of 10 ~
15% in the thermometer reading on stirring was often observed.
In a&&ium. the presence of ““2““3 in the glucose samples
again lowered the melting temperature by 30°, ‘

¥he sharp pesk appearing at 6 units from the sampling
point, and followed by & broad downward slope was observed
in the N, line, air, and all ges samples. 1t is attributed
to water vapor. The lerge dieplacenent from 2 uniis is due
to the large mm&amea of N, present in the sample and
the small amount of water vapor.

In the case of the run on glucose alone, there is a sig~
nificant decrease in the height of the water peak at 186°
(graph #3¢) and 195° for some reagon. It returns to its
former height at 205°, the same temperature at which bubbling
began. This pesk again increases from 265° on up (graphs 31
K). Peirly lerge peaks appesr in the vieinity of 275° to
285°, with the run on the glucose~Na,0C, mixiture, ignoring
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the 197° sampling, lerge peaks ocourred in the vieinity of 215°
(graphe #48-C), |

In both runs a eeries of peeke appeared at 7 and 4 unite,
In the run ¢f glucose slone these both began to appear to-
gether at about 257° and continued to increase in size up to
the end of the run, In the case of the gluodee-Ne,00, nixe
ture the pesk at 4 wnite began to eppeer with the firet sam-
ple at 130° and that st 3 unite at 197°, Neither were very
large exoept from 177° to 197° (grevhe #4C-D). The appear—
ence of the peak at 4 unite corresponds roughly in both cases
%o the behavior of 00, determined with column J earlier in
the experiment, The peake at 3 unite could well correspond
to aldehydes, ketones, and aleohole of low molecular welght.
In both cases they would show & deviation of 1 unit from the
peake obtained in graphe #8 and F10A=D,

with the run of glucose alone a "bump® appesred on the
. gravh at about 19% uwnite at 215° (gwaph £3D), This continued
in verying but significant heights up to the end of the ex-
periment, Prom 265° to 285° (grephe #3H~J) it was supple-
nented by another peek st 17% unite. In the glucose-Ha 00,
run whieh followed immediately, thie bump aleo appeared in
the N, line, perhaps due to some residue rencining in the
gns sanmpler (avaph #44)., This bump was alrost nonexistent for
the cntire run. It wes also supplemented by another bump at
12% undte from 205° to 225° (graphs $oE=) o

VPG - Column K = 150"

10,1)s During the run of glucose
vapors had condensed in the gas sampler. Immediately follow-

glone, run &, some of the
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ing completion of the run this condensate was allowed %o
drip out of the sampler end was collected, In the case of
‘ the glucose~Nia 00, run, yun 5, this condensate was collected
in a similar nenner following the sampling of & slug of con-
densed vapors carried over to the sampler st 197°. The pi of
the condensates were tested with Hydrion p&as;r- and found %o
be between 2 and 3 -- moderately to weakly acidic. Graphs of
esch condensate were obtained on the VPO (graph §6).

The triangles in graph 7 are & representation of pesk
distonces from the sanmpling point appearing for the four
acids, comcentrated and dilute 1:1, and euperimposed on a
graph of distilled waters 7These are placed on the same time
seale as the condensate graphs appearing above it for couw-
parison,

Vater was by far the largest constituent of both conden~
sates, Ap seen from the representative secid peaks in graph
#7, the Tirst scid peaks appeaving in the mamh graphs
a8t 11 unite represent formic acid, the second at 13/ - 14
vepresent very dilute secetic acid, the third at 18 represent
very dilute propienic acid. The scetic and formie acid peaks
in graph #7 are similer only because the *amﬂatoa"
formic seid hed already been @iluted to 67%. The Lifth peaks
appearing at 33 unite only voughly spproximate butyric acid;
mrmma%uamtmwmwwwm
which was tried.

mg' aseid pesmks sppearing in the condensate from the gluw-
cose alone run were up to two times higher than those appear-
ing for the other., This difference was wost marked for pro-



pienic acid, less se for acetie, and the peaks were almost
equal for formie, It appears possible that the presence of
m',_@m} night tend to cause decomposition of the sugar intoe
lower moleculayr weight acids, and at lower temperatures.
Binee lower molecular weight subetituents appear sooner than
their heavier counterparts as with the acids, the appearance
- of penke at 19% and 17% unite with glucose alone but at 19%
and 12% units with the gluouutmaaqcﬂ3 m&xture might be ex-

plained.
Samples of 87¢ formic seid, glaecinl

scetiec, and prap&naia aeid were placed in wateoh glasves and
expoged to & Bunsen bumner flame. The formie acid did not
burn, The glacial acetic seid burned only weakly with a
bvlue flame and went out rather essily. The propionic aeid
burned easily and with a more yellowish flame. In addition,

cubes of lump eugar (eucrose) were dipped in each of these
scide and exposed to a Bunsen burner flame, The observations
on the cubes was exactly the ntz& as for the acide themselves,
uears and Cntelvets: Approximately 10% of various cate
nlysts were nixed with various sugars. 4 small amount of this
sixture was placed on e nickel spatuls, thrust into a Bunsen.
burner flame and the action observed,
o eatalyst(a)ia COy () ‘32%192_‘”153QE4§Q§§L§‘.
h + -

“uerose - .

glucose - i » *F®
fructose - * *
lactose +p

mal tone +p
Lplnatoa!* -
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+ represents that burning wes observed, +p represente that
burning was very week, - represents that burning wae not obe
served. (a}, The esuger bubbled vigorously and much beiled
away before the residue burned at very high temperatures,
{v), With Na,C0, & sort of wolet foaming occurred when placed
in the flame whether or not combustion ocecurred. (e¢), Using
Nalgl,0,, black bubbles formed and a black porous fozm
snaked out during the combustion. (d), & strong shooting of
flamee out from the sample occurred during combustion.

The effect of Hayt0, on the sugars varied from no or
very little effect with glucose and galaciome, through slight
tendencies to burn with maltose and lactose, te vigorocue come
bustion with sudroaa and fructose.

. Diseussiop: One of the problems in interpreting data
of the type sought in these experiments is the difficulty
in identification of pesks obtained with the VPG, Even using
the seme column and column temperature the displacement of
a peak, because of dilution or the presence of other subetitu-
ents, makes it difficult te pinpoint producte accurately.
vreaks therefore generally can be said to fall in a certain
renge, the most probable of which depends upon its concentrae
tion in the sanmple.

In the article by Ambler snd Byall referred to earlier
(1), three clasees of non-sugar effects were given. Cless 2
compounds whieh include salts whieh react alkaline and salte
of strong bases with volatile acide end class 3 compounds
which inelude Hi," salte, amino seids, and iren salte have
been shown to catalyse the combusiion of sucrose. According
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to Ambler and Byall both these classes inecrease the caramel-
ization of a sucrose solution. There is a strong likelihood
that these two processes have a distinet relationship with
one enother. '

In the present seriee of experiments formic, acetic, pro=~
pionie, snd possibly butyric scide were observed in the de-
compositien products of gluecse along with water as the major
constituent, The presence or absence of other low molecular
weight organic substituents such as aldehydes, ketones, and
aleohole was not determined for sure because of the masking
effect of water and the poor resolution of the columns between
them. But for the runs of glucose and gluaeuo~l;2003 nixtures,
runs 4 and %, small peaks appesred which probably were due to
the presence of these substituents among the deconmposition
products. The acide were, however, a ready socurce of i
which with the water of decomposition might feasibly take
part in the reaction or cause the catalytiec effect. In the
article by Aubler and Byall mentioned above end aleo in an
article by rucherna (6) it is mentioned that the aeidity of
& sucrose solution increases with inoreasing temperature., If
those scide cre also given off by sucrose upon decomposition,
the H* might tend to cause inversion of some of the unreact-
ed sucrose to glucose snd fruetcee. The presence of any al-
kaline additive such as ua2063 would of course reducte or ne-
gate the 1’ concentration. Acidie additives such es Ni*
salte and chlorides probably have a totally different mecha-
nism when eatalyszing the combustion of sugars.

It was further observed that in the graphs of the con~



dens,tes, the ratio of smounts of organic acids given off with
and without catalyst followed a trend., Thus it is also poo-
sible that Nia,00, could cause a tendency for decomposition
into grester amounte of lower moleculsr weight organic acide,
How the Na,C0, effected the other organic substituents sueh
as aldehydes, ketones, and slcohols which may have been given
off could not be determined. Higher molecular weight acids,
i.es proplonie, are easier burning than lower ones such as
formie, The presence or absence of aldehydes, ketones, and
alcohols which are mueh mnore combustible prebably make more
of a difference in the catalytie action of these additives.
Because of the nature of sampling of the condensates,
the reeults obtained from them are cpen %o guestion and any
explanations based on thes do not etand on the lfirmest ground.
The originsl problem dealt with the action of verious
catalysts on suercse. In en attempt o simplify the guestion
of decomposition products and mechaniem a simple sugar, glu-
core, was solected to be atudied in this series of experi-
mente, Becsuse of this and other differences observations
on glucose decomposition cannot validly be applied %o expla-
nation of the combustion of sucrose, & much more complicated
eugar, However, this represents & start in the determination
of the decomposition products of sugars which it 1o hoped
will eventually lead to discevery of the mechanism of the

combustion of sucrose.

jced data must be obteined before an attempt is made t0 cone
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elusively explain the catalytic action in the combustion of
sugar. It is suggested that samples of glucose and glucose.
319333 be distilled in a nitrogen atmosphere over a full
renge from melting to 250° - 300% instead of 160° to 160°

as wap done in these experiments. The distilletes collected
should be passed through eclunm B at 150° to_identify acid
and another column better capable of resolving any aldehydes,
ketones, and aladhnlq present from weter, Distillates can
also be collected over small temperature rangee for determie
nation of temperature dependence on the products. Column
temperatures should be kept above the boiling points of ex~
pected decomposition pradueta’ta avoid any long delaye in
resolution or broad diffuse peaks or bands.

¢lucose, fructose, sucrove, and other sugers can be
distilled with and without & series of different catalysts
of different classes under the same conditions as above and
their distillates collected and passed through verious Vi€
columns.,

Intermittent gas sampling way still e used as ia the
present series of experiments to determine producte if a
helium carrier was used to remove the large inltial pesk due
to nitrogen earrier. The helium would not appear in the graph
because it is aleso the gas used in the operation of the chro-
matograph, Coupled with a different columm whieh showed bete
ter resolution of light organic substituents, these results
might also prove frultful.

SUNMARY «
In order to add information for an explanation of the
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catalytic combustion of sugar, experiments were carried out
to determine the identity of the decomposition products of
glucose, Glucose wae preferred to sucrose because 1% was
thought that the decomposition pruduatt uight be simpler,
lay00s was the catalyet used bvecause of its large effect.
The decomposition products were in general sampled directly
from the decomposition flask as vapors by vapor phase chro-
matography. These were checked against knowns for identifi-
cation., Iafrared spectrometry was tried for identification
of the distillate products but did not prove very successful,
The melting temperatures of the glucose were lowered by
about 30° due to the presence of Nay00s; in the sample, Oen~
erally reaction temperatures were mlsc similarly lowered 30°
to 70° for appearance of some peaks, The major decomposition
product was water. 00, wes given off by glucose alone above
250°. 1In the case of mixtures of glucose and ¥a,00, the €O,
appeared right after the glucose melted at 1350° due probadly
to the action of water of decomposition on the nazoo,.
Condensstes were collected for two such rune. ZEgch had
& pHl of between 2 and 3. Formie, acetic, and propionic acids,
and poseibly butyric were found in these condensutes. Less
seid was found in the run on the glucose~ia,C0, run relative
to the run on glucose alone. Proplonic neld was found to
burn well, scetic meid weakly and went out easily; formie acid
did not burn at all., The higher the molecular weight the more
readily the acid burns. Other organic substituents such as

al ehydes, ketones, and slcohols which are far more combustibvle
than the meids were probably present but amounts and identifi.
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cation were not determined becsuse of the poor resclution
with these compounde of the columns used.

Gpeculations on possible mechaniems ineclude; l- the sow
tion of H* with water of decomposition to invert portions of
unreacted sugar (sucrose) to glueose and fructose. This
would be prevented or hindered by the presence of an alka-
line catalyst, causing different starting sugars for decom-
peeition processee, If inversion ocourred, glucose and fruce
tose would be decomposing; if inversion was prevented, the
decomposition would cccur directly from the sucrose without
going to the invert sugar step. 2« the action at'nn2&05 in
tending to form larger amounts of lower molecular weight ore
ganic sclde in the decomposition products. 3~ the presence
of aldehydes, ketones, and alcohols among the products which,
if different in amount end type with and without catalyat,
would probably have & greaster effect on combustion that the

acidn.
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