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ABSTRACT

The energies of combustion of thoroughly dried samples of
1-histidine, uracil and cytosine were measured at 298.15 Kby oxygen-
bomb combustion calorimetry. The enthalpies of formation for these
compounds were redetermined. It appears that a ten-fold improvement

in the accuracy of the results was obtained.
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CHAPTER 1

INTRODUCT ION

1.1 | General

Thermochemistry is concerned with the energy changes of chemical
reactions and of associated physical processes which involve substances
of known composition. It began in the period 1780-1840 with the work of
Lavoisier on combustion and the measurements by Lavoisier and Hess of
the heat evolved in chemical reactions, and came into prominence in the
second half of the nineteenth century when it was believed (falsely) that
the driving force of the chemical reaction was determined solely by the
heat of the reaction. With the realisation that the entropy change was
an additional factor, the study of thermochemistry seemed to go into
decline. The former impetus was not regained until the late 1920's when
it was realised that thermochemical data was useful in chemical technology
and in helping to understand the nature of chemical bonding, a field
which, at that time, abounded with theories.

It was apparent that calculations of heat balances in chemical
reactions of interest to engineers, and calculations of bond energies
of interest to theoreticians, required greater accuracy than the then
available calorimeters could give. This in turn required a high standard
of preparation and purification of chemical substances, and careful and
rigorous assessment of experimental conditions. All these were developed
and incorporated in the work of Rossini and co-workers at the American
National Bureau of Standards, Washington, D.C. Their guidelines are still
valid; their standard of experimental work has seldom been surpassed;
and they still remain the source of the primary standard chemicals used
in thermochemistry.

One of the aims of thermochemistry has been to provide an experi-
mental set of data for the compiling of a table of values from which may

be calculated the heat of every possible chemical reaction. One of the



most useful quantities in this regard is the standard enthalpy of
formation, AH;' , which is defined as the enthalpy of reaction for the
formation of one mole of the substance from its elements in their natural
state at 1 atmosphere pressure (now 101.325kPa) and at the standard
temperature. If the enthalpies of formation of both reactants and
products are known, the heat of reaction may be calculated from the

equation:

AH = Z AH; (products) ZAH; (reactants) (1)

A common way to ébtain the standard enthaipy of formation of
organic substances has been to calculate it from the heat released when
that substance is burned in air. These measurements, known as heats of
combustion, are made in a bomb calorimeter. The method of calculating
AH:. values is given in Section 1.3.

Values of the heats of combustion, and enthalpies of formation
of some organic compounds of biological interest are shown in Table 1.1.
It will be seen that the values are exothermic and very large. This is
some advantage as far as the heat of combustion measurements are concerned,
for it means a large temperature rise, and thus (in principle) the
possibility of a very accurate experiment. This becomes critical when
enthalpies of formation are used to calculate enthalpies of reaction.
The enthalpy of reaction is usually at least one order of magnitude
smaller than the heat of combustion, 4 H;- Thus for an accuracy of
0.1=-1% in that quantity we need to know AH; to 0.01% — 0.1%; a very
demanding task. '

Indeed, the modern tendency is to use, wherever possible, calor-
imeters that can measure the heat of reaction directly.

There are some reactions, notably biochemical ones, for which
direct measurements are impossible, and for which heat of formation data
is the only way to proceed. For this reason we decided to study the heats

of combustion of cytosine, uracil, and l-histidine; three compounds



Table 1.1

Some Literature Values of AH® (298.15 K)

Aa: (298.15 K)

Compound 1
kJ mol”

l-phenylalanine (s) 4eh6.3 + 0.8 =
l-tryptophan (s) 5929.6 + 0.8
l-isoleucine 3578.2 + 0.8
l-threonine 2053.9 + 0.8 ? 1
l-alanine 1576.9 + 2.0
l-glycine 966.1 + 0.8
l-methionine 3176.5 + 0.8
1-glutamine 2572.3 + 0.6 |
1-glutamic acid 2246.8 + 0.7 22
l-valine 2920.1 + 0.5

1 Tsuzuki, Harper and Hunt, Journal of Physical Chemistry, 62, 1958,

1594.

2 peuzuki and Hunt, Journal of Physical Chemistry, 61, 1957, 1668.




widely used in biochemical reactions.

1.2 Principles of Calorimetry

The standard enthalpy change of a chemical reaction may be
obtained directly from calorimetry or indirectly from the temperature
dependence of the equilibrium constant K since

© InK

: -  AESR 2)
3,

3

This latter method has been shown to be inferior”, and ought only to be
used where calorimetry is impractical. In calorimetry, the heat which
is produced can be manipulated in a variety of ways. For instance, in
an isothermal calorimeter, the heat produced melts a certain amount of
solid. By comparing the amount of liquid so produced, with that when

a known amount of heat is released (usually in the form of Joule heating)
the heat of reaction can be calculateds In an adiabatic calorimeter, on
the other hand, the experiment is done so that no heat whatsocever is
released to the surroundings. This causes a rise in the temperature of
the system as a whole. Again a known amount of heat is put into the
system, and now, by a comparison of the temperature changes the heat of
reaction may be obtained.

In practice, it is very difficult to make a system which is
totally édiabatic. There is inevitably some loss of heat to the
surroundings. For this reason, the most commonly used calorimeter in
combustion experiments is the isoperibol, or isothermal-environment
calorimeter, in which the surroundings are held at constant temperature,
and the calorimeter is insulated to some extent from these surroundings.
The rate of heat exchange between calorimeter and surroundings is small
and calculable by the laws of heat flow. These calculations, which were

required for this work, are exemplified in Section 1.5.

3 R.C. Wilhoit in Biochemical Microcalorimetry, Ed. H.D. Brown, Academic
Press, 1969. .



The essential requirements for a calorimeter of the above type
are as follows:

(a) the calorimeter must have a very sensitive thermometer capable of
measuring the moving temperature of the calorimeter without permitting
significant unmeasurable transfer of heat to the surroundings. The
thermometer used in this work, a quartz-crystal oscillator, was
capable of a resolution of 1O_AK, thus satisfying this criterion;

(b) the calorimeter should be designed so that all parts come quickly to
thermal equilibrium. This was achieved by having a vessel filled
with water. The water was continually stirred;

(c) heat exchange between the calorimeter and its surroundings must be
under close control. In this calorimeter this was achieved by a
thermistor bridge circuit which activated a heating circuit which in
turn maintained the water in the jacket at a constant temperature
above the water which housed the reaction vessel;

(d) the chemical species must be capable of purification, and the
chemical reaction must occur in a stoichiometric fashion;

(e) the calorimeter must be capable of precise calibration. For many
calorimeters this means incorporating an electrical heating circuit.
In bomb calorimetry it is customary to use combustion of benzoic
acid as the calibrant. This was the procedure followed here;

(f) the calorimeter must have some means of initiating the chemical
reaction. In combustion calorimetry this is generally done by

supplying an electric spark to ignite the reactant.

1.3 The Relationship between the Heat of Combustion and the Enthalpy

and Internal Energy of Combustion

According to the first law of thermodynamics, the internal energy
change, AU, is related to the heat absorbed by the system, q, and the
work done by the system, w, by the relationship 4U = q - w. If that

work is done by expansion, i.e. if w = Ipdv.then 40 = q - fpdv.



Thus for the case dV = O (i.e. constant volume), AU = q, i.e. the heat
produced at constant volume is equal to the, change in the internal energy.

In a bomb calorimeter, where the above condition holds, the heat
which is released on combustion equals the internal energy change.
Appropriate corrections (see Section 1.4) will convert this into the
standard energy change of combustion.

The change in the enthalpy function is defined by the equation

A= Au + A(pV) (3)
= AU + Spdv - dep
= q + dep
If dp = 0, i.e. at constant pressure,
| AH = g, so that the heat produced at constant pressure is equal to

the énthalpy change of the reaction. Under those circumstances the heat
of combustion is properly called the enthalpy of combustion. Notice that
the thermodynamic function to which the heat is equal depends upon the
process.

It is, of course, by (3), possible to convert one function into
another. For the purposes of tabulation it is desirable to refer all
reactions to some standard state or conditions. Both of these aspects

are illustrated in Section 1.k.

1.4 Thermodynamics of Bomb Calorimetry

The ultimate aim of bomb calorimetry experiments is to obtain
the standard enthalpy of formation, AH; s of the compound. If this
compound has the general formula CaHbOcN q? the standard enthalpy of

formation refers to the process

aC(s)(1atm) + gﬁa(g)ﬁatm) + %02(3)(13.1:::1) + %Nz(g)(‘la.tm)

> C_HO N, (s or 1) (1atm) (&)

conducted at a specified temperature, in this case 2500.



The standard enthalpy of formation may be calculated from the

standard heats of combustion. These may be written as

CH 0N, (s or 1) + (a TE - £)0,(e) 25 2:“" ac0,(g) + 21,0(1) + gNa(g) (5)
aC(s) + a0,(g) —— jesm, acoa(g) - (6)
25 Cc
gnacg) + 20, (s) ié.g.“la 24,0(1) (7)
' 5 C -
88, =-48](2) + AE, (3) + K W) (8)

It ;i;s the sta.;dard enthalpj; of combustion of process (5) which
is i‘ou.nd.from bomb calorimetry.

In bomb calorimetry, the reaction process is carried out under
constant volume conditions. Thus the experimental quantity obtained is
the standard internal energy of combustion, 4UZ. This is related to

AH: by the equation

AH: AU: + A(PV)

]

AU“; + A nRT (9)
- n
2 m

total number of moles of products in gaseous phase

where An

a.ndZn
Zn

Thus AUc is found by experiment and AHZ is obtained from equation (9).

I

total number of moles of reactants in gaseous phase.

This number, together with the known values of AH: (6) and AHZ (5)
can then be used to obtain dH;, using equation (8).

However, dUc; itself must be calculated from the actual bomb
experimeht. The experimental conditions differ from the standard state
conditions in the following respects
(i) The reaction is carried out at 30 atmospheres,

(ii) The temperature of the system before the reaction is carried
but is different from the temperature after the reaction is

completed and at least one of these temperatures is different



from the standard temperature of 25°C,
(iii) A small amount of water is added to the system before the
‘ reaction is carried out. Some of this water evaporates. Some
of the gaseous species present in the bomb, both before and
after the reaction will dissolve in the water remaining in the
liquid phase. Both evaporation and dissolving processes involve
an internal enefgy change,

(iv) Some of the products formed are not those specified in equations
(5) - (8). 1In particular, nitrous and nitric acids are formed.
Corrections for this must also be made.

(v) Consideration must be given to the energy released on combustion
of the fuse. In this work, the fuse was made of platinum wireand
firingcotton.' Only the latter contributed to the energy changes

in the calorimeter.

In order to correct for the effects of the above five items, a know-
ledge of the heat of cémbu&tion of the firing cotton, the heat of evaporation
of water, the heats of solution of oxygen, carbon dioxide, nitrous and
nitric acids and the heats of formation of nitrous and nitric acids is
required. A knowledge is also required of the heat capacity of the
reactants and the products, and the heat capacity (more correctly energy
equivalent) of the bomb calorimeter. (This latter value has been found
using the heat of combustion of benzoic acid.) Finally, the value of
( ) for all reactants and products is required.

A procedure for making these corrections has been laid down by
Hhshburnh. A computer program has been written based on Washburn's

method. An outline of his method is as follows:

b Washburn, E.W., J. Research National Bureau of Standards, 10, 525

(1933), as reported in Experimental Thermochemistry, Rossini, F.D.,
(Ed.), Interscience Publishers, New York, 1950, at Che 5, p. 75.




(1)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

9

From a knowledge of the free volume of the bomb, the initial and
final pressures, and the pVT behaviour of the initial and final
gas mixtures, and from a knowledge of the total amount of water
added; the number of moles of each of the gaseous species both
before and after reaction and the number of moles of gases dissol-
ved in the aqueous phase at 30 atmospheres and 2500 is calculated.
The number of moles of each species in each phase found from (i)
both before and after reaction is then used to calculate (at 1
atmosphere) the energy changes due to dissolving and evaporation.
This essentially allows for the energies of mixing the reactants
in their standard states, and the energies of unmixing the
products.

The energy required to compress the reactants from 1 atmosphere
fo 30 atmospheres and decompress the products from 30 atmospheres

to 1 atmosphere is calculated from (g—g) data,
T

The energy required to bring the reactants at 30 atmospheres
from 25°C to the initial temperature 'l‘i and that required to
bring the products at 30 atmospheres from the final temperature
Tf to 2500 is calculated from the heat capacities (at constant
volume) of the reactants and products.
The energy change due to the combustion reaction

reactants (30 atm, Ti) —> products (30atm, Tf)
is obtained from a knoﬁrledge of the energy equivalent of the
calorimeter, £ (Calor), and the change in temperature (T, - Ti),
Corrections are made for the formation of HNO2 and HNOB.

Finally, a correction is made for the heat of combustion of the

firing cotton.

The values used in making the corrections are shown in the Appendix.

The contribution of each of the terms (ii) - (vii) for a typical experiment is

given in Table 1.2. It can be seen that the overall correction, though

small, is significant.



Table 1.2

10

Magnitudes of the Internal Ehergy Changes for l-Histidine, 12/11/76

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

initial refers to before combustion
final refers to after combustion

initial vaporisation of a portion of the liquid water
final condensation of any water vapour present

initial solution of a portion of the O2 & N2 gases
in the water

final dissolution of dissolved 02 & N2 gases
final dissolution of dissolved 002 gas

total

initial compression of substance
initial compression of liquid water
final decompression of aqueous solution
initial compression of gases

final decompression of gases

total

reactants from 25°C o T
products from Tf to 25°C
' total

internal energy change on combustion

dilution of HNO3 and HN02 to a concentration of 0.,1M

decompositioh of HNO _and HNO2 to their component
gases in standard states

total

contribution of firing cotton to internal energy
change on combustion

+ 17.20

- 17,83

1

0.5J
+ 0,6J
+ 4,90

+ L,5J

- 1.4
- 0.2d
+ 0.
- 72.6J
+ 88.2J

14,50

+

43.6J

2.3J

- 46.0J

e

33 O04,0J
- 0.4J

+111.9J

+111.5J

- 63.10

(Processes (ii), (iii), and (vi) comprise the Washburn corrections with
a total internal energy change of 130.5J.)
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1.5 Correction for Heat Losses during the Experiment

In a completely adiabatic process, the internal energy change

occurring within the calorimeter during combustion, dlﬁu@cess, would
be given by the equation
= c - —
Auprocess (TB T‘i) C AT (10)

where C refers to the heat capacity of the calorimeter system and T1
and T3 refer respectively to the temperature before and after combustion.
This idealized process is represented by the path E T1 G H, in Figure 1.
The actual process which occurs is more likely to follow the path
ABICD. In this case during the course of the experiment, there is
energy exchange between the system and the surroundings. This arises
from several causes. There are firstly, those that depend on the
temperature difference between the calorimeter and jacket, and calorimeter
and room, such as conduction by solid connections, radiation and
convection by the intervening gases. There is also evaporation, though
this may be made negliéible by efficient sealing. It is also appropriate
to include the heat of stirring.

Provided that the temperature differences are small, we can assume
that the heat exchange rate, §,will be governed by Newton's law of coolinge.
If the work rate of the stirrer is designated w, then the rate of energy

exchange %Lx is given by

- & T % and

]

- k1 (Tj - Tc) T W T ka (Tr -T)

c
where k1 and k, are constants and Tj’ T, and T refer to the
temperature of the jacket, the temperature of.the calorimeter and the

temperature of the room respectively. If the experiment is carried out

such that (Tj - Tc), %, and T, are all constant

T = K + ky, (T, -T,) (1)
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The actual process can be conveniently divided into three parts.
There is a fore period, AB,and an after period CD, where the only processes
occufring are those involving energy exchange. If these periods are
short enough AB and CD can be assumed linear without great loss of
accuracy. During the period BIC, in addition to the exchange processes,
there is also a temperature change due to the combustion process itself.
This period is sometimes known as the reaction or main period.

We can calculate the effect of the energy exchange on the final
temperature if we proceed as follows:

Somewhere along the fore line we choose a point(?1, t1),where the
process is deemed to begin, and along the after line we choose a point

@.‘2, tz), where the process is deemed to end. We then consider two

processes whereby we pass from T1 to TE'
Process 1 Direct |

System T, ——> systen T, 09
Process 2 Indirectly via T3, the temperaturethe system would reach
were it adiabatic.

System T1 ———> system T3 (B)

System T —> system T, )
Now the first law requires

AUex(A)_ - AUex(B? + AUex(C)

where AUex(A) refers to the energy exchange due to the processes (A).

Now, according to our assumption dUex(B) =0

(T, - T,) = At&t\ = C(T, - T3).

Il

whence 4 Uex(A)

Now AT = ’1‘3 - T‘l i.e. the temperature differences that would
occur in the adiabatic case (which is the value we require in(10)) is

given by

AT

(T, - T,) * (T3 - T,)

(T, - T1) - 4vu_/c (12)



1%

And, from (11)
t>
av,. fe- [we +1e @@, -] de (13)
¢
The terms K/C, ka/C can be eliminated by considering the rate of
energy exchange in the fore period and the rate of energy exchange in the

after period.

Since § = CIT we obtain from (11)
fore o R ka/c (Tr - Tfore) (1%)
rI.elfter = K + kz/c (Tr - Tafter) (15)
where ﬁfore and Tafter refer to the rate of change in the fore and after

period at temperatures T,  and T . . respectively. Solving (14) and

(15) yields K/C and k,/C.

The evaluation of the integral in (13) can be simplified if AB
and CD are extended as in the diagram, and a perpendicular Tf I 'I‘i to
is dropped such that the area B T; I is the same as the area I T, C.Cscewlfi)

Since AB and CD extended are linear, we have

P =T -7 (t

£ 2 ~ Tafter - to) (16)

P, = Tyt T e (1:1 - £ (17)

Using the values of K/C and k,/C found from (14) and (15), and using (16)
and (17) to obtain T2 and T1 in equation (12) in terms of Tf and Ti' and

substituting these in equation (13) leads to the result

(T w3

_ after fore
dr = 1. -1+ 5 =T, ) [(Tafter - Tt - tg) +
: after fore

1 -] 2 » 2
(Tpore = Tl (tg = t9) - 3 {Tafter (8, - t5) = Toope (bp - 1‘1’]]

(18)

If it is further assumed that T ster™ Tg Teore™ Ti1 (ta-to)ﬂ(to-t1)=3t,

. i . - _ s 1 o~ - - —: -
and if we write T ., =T, A'r ~ 41, P osier = Teope ™ AT, we
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2 2
obtain AT = (T, - T,) - 41 (f‘t) (19)°
2 Q'r
In this work, since our temperatures can be measured to 10‘qih
we may neglect the second term of (19) if its magnitude is around 107 K.

1

Since AT ~2Kthis will be achieved if AT ~10 2 Kmm ', and 3t ~10

minutes. Since t1 and t2 are arbitrary the only restriction this puts on

the experiment is the time from T, to C.

£
The condition for 4 T lays a further constraint on the experiment,

the others being constant temperature difference between the jacket and

the calorimeter, the linearity of the slopes, and the constancy of the

temperature of the rooms In this work, it was required that the room

temperature be constant to + O.5K the difference between water and jacket

temperature to be constant io + 0.1 K. The linearity of the after slope

was judged satisfactory if it gave Tf to within 0,0005 K. (If the condition

for the fore slope was not met, one did not fire.) These four criteria

proved to be very rigorous as about half of the experiments done were

rejected on one or more of these bases.

2 Equation (19) was originally derived for the writer by
Dr I.R. McKinnon, Senior Lecturer, Monash University.



CHAPTER 2

EXPERIMENTAL

| Apparatus

The combustion measurements in this work were made using a
Gallenkamp "Adiabatic!" Bomb Calorimeter (CB-110), but with the mercury
thermometer replaced by a quartz thermometer. The entire apparatus was
housed in a room maintained at a constant temperature of 25.0 :_0.500.
(But see p. 4 for comment on "adiabatic'" calorimeters.)

A basic outline of the apparatus is shown in Figure 2. It is
made up of a pressurized combustion chamber, or bomb, A, which (after
loading) is placed on three legs in a water filled can, B. The can is
also positioned on three legs so as to leave an air space of about one
centimetre between it and the outer jacket, C. This outer jacket, C,
and the jacket lid, D, are filled with water so that a layer of water
three centimeters deep surrounds the can. A firing circuit is housed
in the rest of the apparatus and makes connection with the bomb at F.

The circuit diagram of the firing system is given in Figure 3.

The combustion chamber is shown in more detail in Figure 4. It
consists of a bomb cap, A, and body of capacity of about 300cm’ , B, made
from stainless steel (BS 1506-845B). The head is screwed to the body via
a sealing nut, D, and a rubber "O" ring. The head supports the two
firing electrodes, one of uhich; E, is insulated from the bomb, while the
other, F, is connected to the bomb. This electrode is earthed through a
contact between the can and the water'jacket, and contains a Schrider
valve, through which oxygen is introduced to the bomb. A safety valve
is used in conjunction with the needle valve on the oxygen cylinder. The
earthed electrode, F, supports the pellet to be combusted via a nickel
chromium crucible, t, which in turn is supported by a support ring, M.
The pellet is attached to the electrodes by 0.08mm diameter platinum

wire by means of firing cotton.

16
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More details of the bomb calorimeter and the enclosing water
jacket are given in Figure 5. The can, B, has a capacity of about 2100cm’
this volume of water is stirred'by a stirrer, S, driven by a constant
speed motor. The water in the jacket, C, and in the 1lid, D, is kept at
a uniform temperature by a pump, P, which circulates it. The water
jacket is maintained at a temperature that is a fixed amount above the
temperature of the water in the can by means of matched thermistors, M,
which control heaters in the water jacket. The thermistors form two
arms of a Wheatstone bridge (Figure 6). When their resistance differs
by more than a specified amount, the off balance voltage which results
activates these heaters.

It is necessary to increase the conductivity of the water by the
addition of small amounts of sodium carbonate so as to give a current
of between 6 and 7A when the electrode heaters are switched into
operation.

The outer surface of the can is polished to minimise heat losses
by radiafion, and is separated from the inner surface of the thermostat-
ically controlled jacket, which is also highly polished, by an air gap
of 1.0 to 1.5cm (Figure 5).

It is necessary to remove the heat produced from the circulating
pump by flowing tap water through a cooling coil placed in that jacket
and a flow rate of 345cm’min-1 was used. A constant flow rate was found
to be critical, and it wﬁs monitored by a glass float meter to + 5cm’min‘1.

The temperature sensing device was an Hewlett Packard qﬁartz
thermometer (HP-2801A). This compares the freﬁuencies of a quartz crystal
housed in the'probe which-is placed in the can and a reference crystal
housed in a constant temperature oven under the oscillator. The frequency
changes as the temperature varies. Beats occur when the two crystals
are at differing temperatures and thé instrument relates the frequency
of these beats directly to temperature. It was calibrated at the ice

point of water.
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The sample is prepared for combustion by pelletisation in
a pelletl press. An outline of this press is given in Figure 7. A
hardened steel punch and die form the samples into pellets. Firing cotton

is compacted into the sample during this operation.

242 Procedure

2.2.1 Preparation of the Sample

The substances to be combusted were thoroughly dried using the
following procedure. The substance was stored for a few days in a
vacuum desiccator over "Drierite" (anhydrous calcium sulphate). The
substance was then formed into pellets and further dried, again in the
vacuum desiccator. The pellets were then crushed and left a further 24
hours in the desiccator. The final pellet was made incorporating a
weighed amount of firing cotton (about 9cm long), and placed in the
desiccator for at least a further three hours before weighing.

The pellet was weighed in a nickle/chromium crucible on a M5
Mettler Balance (No. 190760 Max. 20g.) to five places after the decimal.
The mass of the samples were corrected to in vacuo. This required a
knowledge of the density, and an estimate of the density of each substance
to be combusted was made by weighing a pellet and measuring the diameter
and height of the pellet. The crucible and pellet were then placed on
the ring support and the cotton attached to the platinum wire that
connects the electrodes.

2.2.2 Loading the Bomb

A small amount of water (1.000cm’ ) was accurately pippetted into
the bomb, then the cap applied and the s;aling nut closed to hand tight-
ness. Industrial grade oxygen (299.5% oxygen, ~ 200ppm HZO(g) by
volume,h<:50ppm hydrogen by volume, trace Nz) was introduced into the
bomb, firstly to flush out the air, then finally to a pressure such

that at 25°C the pressure inside the bomb would be 30atm (3039 kPa).
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The bomb was tested for leaks by immersing it in water which was warmed
to about 22.5°C (to assist in bringing the bomb towards the desired
commencing temperature).

2e2¢3 Loading the Calorimeter Can

Prior to placing the bomb in the calorimeter can, the can was
filled with a quantity of previously warmed water to a total mass of
3 000.0 + 0O.1g using a top pan balance (Mettler P5). The water had been
heated sg that its temperature after the bomb had been placed in the can
would be about 22.500. The bomb was wiped dry and immediately lowered
into the can. |

As soon as the bomb was in position, the total calorimeter can
assembly was placed inside the water jacket. The lid was lowered over the
can, the thermometer probe inserted, and stirring commenced. Finally the
temperature controlling circuit of the water jacket was adjusted until
the temperature of the water jacket was 0.4 :'0.100 above that of the
calorimeter at the balance point for the bridge.

2.2.4 Taking a Measurement

After being left to stabilise for half to one hour, the tempera-
ture of the calorimeter was recorded each minute until a linear variation
with time over a 20 minute period was obtained. The sample was ignited
by means of the firing system and the ensuing temperature rise, caused
by the combustion reaction, was measured every fifteen seconds for five
minutes. The temperature was then further monitored at minute intervals
until again a linear slope was obtained. This usually took thirty minutes
from the time of firing, but in some cases it took up to an hour. An
hour after firing the bomb was removed from the calorimeter and, after
release of pressure, the interior was inspected. If soot was present,

incomplete combustion was assumed, and the run discarded.
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2¢245 Determination of the Amount of Acid Formed

During the combustion process small amounts of nitric and nitrous
acids were formed. These were removed from the bomb by several washings
to a total of 50-—700m’ of distilled water. These washings were titrated
with standardized 0.1M.sodium hydroxide using methyl orange as indicator.
The sodium hydroxide had been standardized with hydrochloric acid which

in turn had been standardized with the primary standard, borax.

23 Purification of Materials

Benzoic Acid, C6HSCOOH
National Bureau of Standards sample 391 of benzoic acid was used
in the calibrations. This had been refined by fractional freezing at

N.B.S. specifically for use as a calorimetric standard.

Succinic Acid, CH2000H

CHECOOH

Several batches of May and Baker Reagent grade succinic acid were
purified for combustion by following the method set out below and
recommended by Vanderzee et al.

After recrystallisation four times from deionised water, drying
at 80°C for 1 hour, grinding in an agate pestle and mortar, and then
drying at 102°C for 20 hours, 112°C for 2 hours, and 118°C for 3 hours,
the crystals were stored in a desiccator over "Drierite" for at least a
week.,

The crystals were then compacted into pellets and replaced in the
desiccatbr for at least 2 days before being broken into coarse fragments
and returned to the desiccator for storage. Vanderzee reports a mass loss
by the pellets of 0.043%, mostly in their first 18 hours in the desiccator.

This was retested and a mass loss of 0.021% was obtained after 4 hours in

Vanderzee, C.E., Mansson, M., Sunner, S., The Energy of Combustion of
Succunic Acid, J. Chem. Thermodyn. 1972, 4(4), 533-40.
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the desiccator, increasing to 0.025% for the first 30 hours, and 0.029%
in 50 hours.

Each pellet that was prepared for combustion from the coarse
fragments mentioned above was stored for at least 2-3 hours before use.

l-histidine, CHZ———CHF—HCOOH

| = |
s NH2
4\

CH

N

One batch was recrystallized twice from deionised water and large

(~1/2cn) straw coloured crystals were obtained.

On comparison with combustion runs with unrecrystallized Fluka

puriss, 1-histidine no change was apparent.

Al]l crystals were pellet dried in a manner similar to succinic
acid, but without heating.

Uracilt, OH

I |
HO,,-Q§\\%N///CH

Samples of Uracil were taken directly from the bottle of Fluka

puriss. uracil and pellet dried before use.

Cytosine, ?H
N
N -

Similarly, cytosine was pellet dried without recrystallization

from the Fluka puriss. cytosine before use.
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2.4 Calibration with Benzoic Acid

The energy change associated with the change in temperature
during combustion may be obtained from energy of combustion experiments
with benzoic acid. The quantity that is symbolized €(Calor) is essentially
the heat capacity of the bomb calorimetric system (excluding the contents

of the bomb) under the conditions of the bomb experiment. During the

experiment, the pressure of the bomb changes in going from the initial
to the final state, and therefore the elastic strain on the bomb proper
and the compression on the crucible and other parts change. Strictly,
therefore, the term '"heat capacity" is inappropriate, and "energy equiva-
lent" is preferred.

The value of €(Calor) is obtained from a knowledge of the energy
of combustion of benzoic acid under standard bomb conditions, ZlUB, a

knowledge of the energy changes associated with other isothermal processes

going on in the bomb during combustion, and the measurement of the change
in temperature during combustion. The overall energy change, AIHZB p.?

going on in the bomb at 30 atmospheres and 2500 is given by

AUI.B.P. - AUBz'mBz _'AUdecomp (HNOB)‘ Sgno, ~ AUdecomp (HNO, ).
AU2 (fuse)
"m0, ~ AUd_ﬂut:‘uc;n'(“}11\103 * nnNoa) i RRA SRR § W (20)

Here and subsequently, unless otherwise specified, the symbols used are
those of Hubbard, Scott and Waddington7 except that internal energy is rep-
resented by U, the temperature change including the correction for heat
 transfer between the system and the surroundings is represented by

AT = Tp = Ty (ieee tp -t i E

assumption that T

copy 1S represented by AT), and the

o ty is made for the calculation of AUI.B.P.

7 Hubbard, W.N., Scott, D.W., Waddington, G. In Experimental Thermo-

chemistry, Chap. 5, pp. 75-128. E.D. Rossini, editor. Interscience:
New York, 1956.
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The symbol AUBz refers to the energy of combustion of benzoic
acid under the conditions of the bomb experiment. In general these
differed from standard bomb conditions. Under standard bomb conditions
the sample is burned in a bomb of constant volume in pure oxygen at an
initial absolute pressure of 30 atmospheres and at a temperature of 2500.
The number of grammes burned is numerically equal to three times the
volume of the bomb (in litres), and the number of grammes of water placed
in the bomb before combustion is numerically equal to three times the
volume of the bomb (in litres). 4 UBZ is related to the energy of com-
bustion of benzoic acid under standard bomb conditions, AIEP by the

equation

AUBZ = AUB 1+ 10'6 {20(pi - 30) + 42(VmBz = 3)

bomb
“H,0
+ 30\ g=—-3) - 45 (t - 25) (21)
; bomb
Here Py U, vbomb‘ mHZO’ and t refer respectively to the initial

pressure of the oxygen (in atmospheres), the mass of benzene (in grammes),
the volume of the bomb (in litres), the mass of water (in grammes), and
the temperature to which the reaction is referred. (In this work t=25"C.)

The terms AU (acid) and AU refer to the energy

decomp dilution

of decomposition of one mole of the acid specified, and the energy of
dilution of nitrous and nitric acid in total. The term Zle(fuse)/H

refers to the energy of combustion of the firing cotton per gramme.

Values for AUg, AU:(fuse)/M, 4u
-1 8

(HNOB) i #nd Audecom

, -174897g™1 9, 58886 J mo1~! 1°, ana

decomp P (HNOZ)
were taken as -26L34 Jg
-27614 J mo1~1 10 resﬁectively. The firing cotton was assumed to have

_— ; 1 :
the same empirical formula (viz. CH1.6860 .843) as filter paper fuse.

8 National Bureau of Standards Certificate (accompanying calorimetric
standard benzoic acid, sample 39i).

2 Gallenkamp Autobomb Automatic Adiabatic Bomb Calorimeter handbook.

10 Hubbard et al., op. cit., p. 100.

1

ihid.. n. 81.



The number of moles of HNO, is given in Table (2-1). It was assumed

3
=4 x ‘10_-j 12. The energy of dilution in each case was read
HNO HNO
g 5
13
from a graph of the data of wt.% (HNO3 + HNO,) vs ‘ﬂUdilution .

The energy equivalent of the system (minus contents) is given

by the equation

f i
AUI.B.P. - (@5 - Tf)(e(cont) "~ e(cont)) i

€(Calor) = T ~ “(cont) (22)

Here E'%cont) and Efcont) refer respectively to the heat capacity of
the contents of the bomb before and after combustion, and Tf is the
temperature of the system after combustion.

The values of &(Calor) obtained from five experiments are given
in Table 2-1. The mean value 10730 J K| was used in subsequent

experiments.

2.5 Test of Apparatus: Energy of Combustion of Succinic Acid

The energy of combustion of succinic acid has been measured by
a number 6f workers. The consistency of the results of these studies and
the large measure of agreement between differgnt groups has led to the
suggestion that succinic acid be used as a secondary standard. Recently
this possibility has been thoroughly investigated by Vanderzee and others,
who find that provided care is taken in the drying process, accurate and
reproducible measurements can indeed be made. To further enhance this
view, these workers summarized, and where appropriate recalculated to
standard state conditions, the results of others. This summary is shown
in Table 2.2.

It was decided to check the calibration of our machine by measuring
the energj of combustion of succinic acide. The results are given in

Table 2.3. The process by which the value of ( AUZ/M) was calculated

12 jbid., p. 142.

B ibid., p. 91.
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Table 2.1

Data for Combustion Experiments with Benzoic Acid

. 5 1
Equation of the reaction C,7H602(S) + ?an(g) —_ 7 COa(g) + 3 H,0(1).

Dok Mass/g Mass of Final tepp- AT/K Quantity of E(Calor}/d"x{-1

fuse/g erature/ C HN03/mol

16/6/76 0.98178 0.00352 25.0393 2.4215  0.00008 10731.0

18/6/76 1.00231 0.,00313 25.3788 2.4702  0.00008 10736.0

6/7/76 0.99705 0.00325 24,6662 2.4597  0.000086 10726.7

23/7/76 0.89856 0.00425 25.3262 2.2190  0,000063 10725.3

26/7/76 0.97742 0.00342 25.2272 2.4102  0.000078 10732.8

mean &(Calor) = 10730 JK™| standard deviation = + 9 JK™|
standard error =+ 4 Jk=1




Table 2.2

Summary of Values for the Standard Specific Energy of Combustion

of Succinic Acid at 298.15K

Investigators -ZXUE/M/Jg"1
Verkade, Hartmann, and Coops 12638.6 + 5.0
Beckers 12639.0 + 4,2
Keffler 12636.1 + k.2
Roth and Becker 12637.2 + 3.3
Huffman 12637.6 + 2.5
Pilcher and Sutton 12638.1 + 1.8
Cass and Springall 12635.7 + k.2
Keith and Mackle 12635.3 + 5.0
Bills and Cotton 126%6.1 + 4.2
Wilhoit and Shiao  12634.0 + k.2
Adams, Carson, and Laye 12637.4 + 5.0
Good 12637.9 *+ 1.7
Ducros 12639.0 + 3.3
lt;‘ong and Westrum 12634.8 1-_ 1.7
Vanderzee, Mansson, and Sunner1h 12639.3|£ 2.3
Kitzinger and Hems'” 12635 + 2
Zaikin and Nezapul P 12639.4 1 1.7
This study, Table 2.3 12638.6 116.8

1k Vanderzee, C.E., Mansson, M., Sunner, S. J. Chem. Thermodyn. 1972,

b(4), 533-40 (see Table 3, p. 538 of this paper for all preceding
values.)

15 Kitzinger, C., Hems, R. Biochem. J. 71, 395 (1959).

16
Zaikin, I.D., Nazaruk, L.N. Russ. J. Phys. Chem. 1970, 44, 1376.



Data for Combustion Experiments with Succinic Acid

Table 2.3

Equation of the

Mass of Final Temp-

Quantity of 4112

. 1
reaction Chﬂéoqﬁs) + 3502(g) — 4 COa(g) + 3 H20(1)

33

Date HemB/B oole eretuinl B 41/% HNO,/mol - A
24/ 8/76 0.86812 0.00289 23.9670 1.0286  0.00002 -12655.3
8/ 9/76 1.84653 0,00330 24,7029 2.1844  0,00004 -12652.8
15/ 9/76 1.93735 0.00364 24,7069 2.2871  0.000040 -12635.1
16/ 9/76 1.87906 0.00346 24,0235 2.2158  0.00005 -12620. 4
1/10/76 1.97614 0.00333  25.0155 2.3305 0.000053  -12625.4
4/10/76 1.93995 0.00346 25.0864 2.2894  0.000048 -12632.6

avy -1 : . -1
mean (298.15K) = -12638.6 J g standard deviation = + 16.8Jdg

M-
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is described in detail in the introduction and is expanded in the next
section. At this stage it is pertinent to point out that our mean result,

listed also in Table 2.3, is in excellent agreement with others.
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3ol Measurement of AT

The manner in which the temperature changes during the course of
a combustion experiment is typified in Figure 8. The fore period AB
extends over about an hour. Notice that about half this time elapsed

L

before a constant slope of 2.3 x 10~ Kmin~' was obtained. The main
period, BD, (shown on an expanded scale) shows typical behaviour,

as does the after period, DE. Here the constant slope is - 4.3 x 10-4
K min~'. From applying the equal area rule to the period BD, t_  was

at 1.3 min. after FIRE and from AB and DE Ti and Tf, and thus {4 T, were

found to be 22.8170°C, 25.2272°C and 2.4102 K respectively.

3.2 Calculation of AU MM

The values of 4T, the mass of material, and the amount of nitric

acid formed after each experiment are given for each compound inoTables
AU,
M’

calculated for this data, making the appropriate corrections. With

3.2 - 3.4, Also given is the specific energy of combustion,

reference to page 9 the corrections involved the following additional

data:

(i) In order to calculate the free volume of the bomb, allowance had to be
made for the volume of its contents. This required a knowledge of the
volume of the pellet, which was obtained from the mass of the pellet and
its density. There were no density figures available for any of the sub-
stances. To obtain a figure, pellets of each compound were made and
weighed, aﬁd their diameter and height measured using a micrometer. The
densities so estimated are given in Table 3.1.

(ii) - (iv), (vi), (vii) The values of the physical data used to calculate
the corrections were those of Hubbard, Scott and Waddington17, except for

the solubility constant of carbon dioxide, where the value

17 Hubbard et al., op. cit. pp. 83-101.
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Table 3.1

Density Values Used in Calculations

Density/g cm™>
Approximate Estimate Literature Value
benzoic acid 1.2 1.26
succinic acid 1.4 1.56
1l-histidine 1.2 + 0.2
uracil 1.3 i 0.2
cytosine 1.2 i 0.2

Zﬁbte

.
.

For benzoic acid and succinic acid the. results were compared
with values reported in bomb calorimetry literature., In view
of the large discrepancies a high error rate of about 20%

was assumed where no literature value was available;7

37



Table 3.2

Data for Combustion Experiments with l-histidine

Equation of the Reaction:

06H902N3(s) ¥ -21;9-02 (g) > 6c0,(g) f -g-Hao(l) + %Na(g)

o

; _ Quantity AU -1

Date Mass/g bf{i:z /Of E;Zﬁrzﬁgg AT/K of Nitric ——ﬁ—E-/J g
& Acid/mol

14/10/76 1.74607 0.00453 25,5545 343502 0.,00186  -20494.1
22/10/76 1.18197 0.00411 24,2234  2.2714 0.00141  -20501.47
8/11/76 1.14488 0.00416  25.3867  2.2023 0.00130 -20524.0
12/11/76 1.60772 0.00361  25.1434  3.0736 0.00190 -20495.0

[+]

av;

M

1 1

Mean (298.15K) = -20504 Jg~ Standard deviation = + 14 Jg~




Table 3.3

Data for Combustion Experiments with Uracil

Equation of the Reaction:

C4H#02N2(8) f 40,(g)

Date

29/11/76
1/12/76
14/ 2/77
17/ 2/77

o
C

Mean m

Mass/g

1.65754
1.57658
1.74850

1.60152

(298.15K) = -15379 Jg~ |

.

Mass of
Fuse/g
0.00315
0.00376
0.00439
0.00364

Cd

Final Temp-
erature/ C

24,2021
24,3883
25.1869
25.3689

4002(g) + 2H20(1) f Na(g)

AT/K

2.3877
2.2708

2.5186

2.3123

Quantity of
HNOB/mol

0.001 1*4
0.00133
0.00155

0.001394

Standard Deviation

Au®

—i /%
-1537700
-15368.;"‘
-15364.9
-15405.5

+ 19 Jg |

39

1
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Table 3.4

Data for Combustion Experiments with Cytosine

Equation of the Reaction:

19 \
CHSON,(8) + 720, (g) > heo(g) + 24,0(1) + 2N, (g)
Date Masa/ Mass of Final Temp- AT/K Quantity of AU: /3 -1
& Fuse/g erature/ C HNOB/mol M g
22/3/77 0.85257 0.00387 24,6260 1.4925 0,001272 -18626.7
25/3/77 0.91998 0,00402 24,0032 1.6100 0.001385 -18619.6
29/3/77 1.41458 0.00368 24,8964 2.4716 0.002065 -18627.0

15/4/77 0.84604 0,00310 24,7724 1.4797 0.001288 -18622.9

AU

Mean Tc (298.15K) = -18624 Jg_‘1 Standard Deviation = + 4 Jg_1
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AUsolution (002) 2 - 17280 J ol | ak 25°C is now prei‘erred18. These
values are listed in the computer printout (see Appendix). In the absence
of any information it is assumed that the heat capacity, Cv, for each
substance is the same. Similarly the internal energy change with pressure
for each substance is assumed to be the same. The errors arising from
these assumptions are small (see Section 3.4).

(v) The energy equivalent of the calorimeter was of course taken from the

benzoic acid experiments to be 10730 + 4 Jk-1.

3.3 Calculation of AU, AH, Az

The standard energy of combustion, AU: was obtained using molar
masses based on the 120 atomic mass scale. The standard enthalpy change
on combustion, AH::, was obtained from AUE using equation (9). (See
page 7).

The standard enthalpy of formation was obtained from equation (8).

The values for AH; (co,, g, tatm, 25°C), and AH; (1,0, 1,

fatm, 25°C) were taken as - 393.15 + 0.13 and - 285.830 + 0,042 kJ mol™

19

respectively

Values of the three quantities are shown in Table 3-5.

3.4 Analysis of Errors

Errors have been classified under six headings:

1. Error in the mass of the substances

The error in each of the weighings is + 10-53, giving rise to a
percentage error of 0.0005%. However,lbecause of the large error
in the density (~20%), the error in the true mass (i.e. mass

in vacuo) is + 3 x 10_43, or 0.02%.

2. Error in the temperature measurements

In a typical experiment, the error in the fore slope is about 3%,

18 Hu et al., Journal of Chemical Thermodynamics, 1972(4), pp. 283-299.

e CODATA Recommended Key Values for Thermodynam:.cs, CODATA Bulletin No.
1?7, ICSU CODATA, Paris, 1976.
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Table 3.5

Standard Enthalpy of Formation,AH‘f’ (298.15K)

Compound l-histidine Uracil Cytosine
Formula CeligO N C,H 0N, C,HON
B T 155.154 112,086 111,100
Mass/g mol
AU°(298.‘151‘{)/Jg_1 -20504 + 14 -15379 + 19 -18624 + 4

M

AU; (298.15K)/kdmol™1  -3181.2 + 2.2  -1723.8 + 2.1 -2069.1 * O.h4
AH: (298.15K) /kdmol™1  -3180.6 + 2.2 -1721.3 + 2.1 -2067.2 + 0.4

+

dx (298.15K)/kdmol™1 - U466.7 + 0.5 - k2l.4 + 0.7 - 221.4 + 0.2
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and in the after slope around 20%. This leads to an error in
Ti and '1‘f of 0.00005°C and O.OOOSOC respectively. The error in
éT is therefore + 0.0006 K or 0.02%. In all experiments t, was
found to occur at 1.33 minutes after firing, with an error of
0.02 min., and thus makes a negligible contribution to the error
in AT. (See Figure 8, page 36 for an example.)

3. Error in £(Calor)

The error in E(Calor) was taken as the standard error of the
benzoic acid results, + &4 J'K"1, or 0.04%.

L, Errors arising from Washburn correction factors

(i) Errors arising from solution, dissolution, and evaporation.
The main experimental source of error is the volume of the bomb.
The value of 0.29611+ 0.0001 1 introduces an error of 0.03%. In
view of the small ovefall contribution of this term, this error
was neglected.

(ii) Errors arising from compression and decémpression of the
materials. Again, because of the small magnitude, error contri-
butions of these terms were also able to i)e neglected. For example
the error in the estimated term (%)Tmakes the greatest contri-
bution and the value of (%_E-)T for each compound was estimated
from Hubbard's illustratiOnZO. Assuming this gives an error of
15% (from a t.:onsideration of the mean of Hubbard's three values
and the value given for succinic acid?1), tie: epree dn the b
arising from the initial compression of the compound is + 0.2 J.
(iii) Errors due to dilution and decomposition of nitric and nitrous
acids. The contribution of the dilution term is again negligible,
as is the decomposition of nitrous acid term. The error in the
determination of the number of moles of nitric acid formed is 1.2%,

giving an error in the decomposition of nitric acid term of + 1.3 J.

20 Hubbard, W.N., Scott, D.W., Waddington, E., op. cite, p. 90.

el Vanderzee, C.E., Mansson, M., Sunner, S., op. cit., p. 535.
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+ 4 g,

Ll

Errors arising from temperature changes

As the experiments are arranged so that Tf is near 2500, the error

for the products from T_ to 2500 term is neglected.

f
A significant source of error occurred for the heat capacity
of the compounds. These are unknown, and it was assumed they were

all the same as succinic acid22

« Hubbard's example23 also gives
values for Cp and consideration of all thése values suggested an
error of 30%. This introduces an error of 5% for the energy

equivalent of the contents of the bomb in the initial state and

thus an error of + 2 J for the term, reactants from 2500 to Ti'

Error due to combustion of fuse

The error in the determination of the mass of the fuse is 0.2%,

giving an error in the combustion of the fuse term of + 0.2 J.

From items 4 -6, the total error in the correction factors is

(See Table 1.2, page 10, parts (ii), (iii), (iv), (vi) and (vii)).

The error in 4T and €(Calor) leads to an error of 0,06% or + 20 J for

the internal energy change on combustion. (See Table 1.2 part (v)).

Consideration of all the errors (Table 3.6) leads to a combined error of

0.1% (about 20 Jg-1) in

A%
M

22
23

ibid., pe 535.

Hubbard, W.N., Scott, D.H.' Wadding!:on, G‘o' Op. Cito| Pe 930



1.
2e

3.
b-6

Mass
AT
& (calor)

Correction Factors

Table 3.6

Errors

0.02%
0.02%

0.04%

0.06% (+ 20 J)

(+ & J)

0.07%

0.1%
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CHAPTER 4

DISCUSSION

The primary purpose of this investigation was to redetermine the
heats of formation of some compounds of biological interest previously
measured by Humphrey in 197124. Humphrey described the thermometer as
'difficult to read, especially in obtaining the third decimal place’'.
ﬁith the replacement of this mercury in glass thermometer by a Hewlett-
Packard Quartz thermometer having a resolution of 10-4 K it seemed likely
that errors involved in the original measurements could be decreased.

(No plots or raw data from the calorimeter temperature versus time graphs
for the 1971 work have been able to be obtained.)

The cytosine combusted in this investigation was anhydrous and

therefore not able to be meaningfully compared with the cytosine.H20

previously combusted. The result of this research was -221.4 + 0.2 kJ mol~

for [}H; (298.15 K); that previously obtained being -536.7 + 0.6 kJ mol~

for AH; (298.15 K).

The results for the remaining two compounds combusted, l-histidine

and uracil, are compared in Table 4.1 with the vélues obtained in 1971 by
Humphrey.

Some evidence that the recent values are more reliable than the
1971 values may be suggested by the test results obtained in each case.
(Table 4.2) Naphthalene was chosen from the test substances used by
Hﬁmphrey because the value he obtained for this was closest to the
literature value. From a comparison of the results in Table 4.2 it seems
possible that the introduction of the new thermometer may have improved

the results obtained by a factor of ten.

2k Humphrey, R.S., The Thermochemistry of Organic Compounds Involved

in Metabolic Processes, unpublished project for B.Sc.(Hons.),
Massey University, 1971.

1

1



Table 4.1

Comparison of Values of AH; (298.15 K)

(o]
4 Hf (298.15 K) 1-Histidine

&3 el
Humphrey 22 -478.6 + 0.6
This work -466.7 + 0.5

Uracil

-!!'21 .3 : 095

b2k + 0.7

L7

2> jibid., Tables V and IV (between pp. 16 and 17).



Table 4.2

Comparison of Research Results with Literature Values

AH2 (298.15 K)

kJ mol™ !
Test Substance Result Literature % Difference
Value
Naphthalene (Humphrey)E26 -5153.4 + 2.9 -5156.8 0.066
Succinic acid (this work) -1491.3 + 2.0 -1491.2 + 0.2 0,007

ibid., Table II (between pp. 16 and 17).
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"WASHBURN CORRECTIUNS"
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