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ABETRALT

Arexotharmic reaction is one in which tlie products contain less enrgy than the reaetants and thus
energy s released. in most commaon exothermic reactions, this energy is Jost in the form of heat.
Howsver, in chemiluminescent reactions this energy is lost in the fornt of light, when phatons are
released. The oxidation of luminol with hydrogen peraxide and sodium hypochlorte isa
chermiluminescent reaction. My dependent variahle was the concentration of hydrogen peroyide in

the reactants and se my résearch guestion was “How daes varying the coticentration of hydrogen

peroxide affect the light emitted during the oxidation of luminol {5-Amiroe-3,3-dibydre-1,4- 3
phthalazinedione} using hydrogen peroxide and sodiure hypochlorite? My hypothesis wasthat
ihcreasing hydrogen peroxide concentration would ificraase the maximurm light intensity of the
reaction as well as make the rezction faster, using vp reore reactants and makihg a second redction
using the very same reactants produce less light. The experiment was carried sulby adding varyving

volumes of hydrogen peroxide to 2 constant volume of luminel solution and then adding a constant

¢

volume sodium hypochlorite Lo this sofution and measuring the lightintensity of the luminescence.
The epposite of my hypothesis was concluded to be true ay negative cortelations were found
hetween both conceniration and maximum fight intersity as well as betwaen coricentration and rate
of reaction. However, when no drops of hydrogen peroxide were present at all, the reaction produeed
the least light intensity and had the slowest reaction raté. My results have shown & role for hydrogen
peroxide as a controller or fimiter in this reaction in these quantitiss and Have also increased the: |

¥
potential for further investigations on the same reaction. (274}
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IHTROBUCTION

Achemiluminescent redction is ahe in which an electrénically excited spadies is produced as an
intermediate, which drops to a fower state (usually the ground state) and eémits. "zold light’ in the
grecess, La. light which i5 In excess of and not a result of any heat or black hody radiation caused by
tie rgaction’, Luminescence alone s the emission of cold light and there-are many types including
chemilumingscence, electroluminescence; mechanoiuminescence, bivluminescence,
thermoluminescence and photolumingscence. Phosphorescence and fluorescence are both a subset
of photeluminescenice, and these are the two forms of lurimescence most confused with

chamiluminescence. "

Apart from its use in glow sticks, there are many. practical applications o luminescence.
Blolurinescent bacteria are used for quality control in the pharmaceutical industry, Medical uses
include the detection of nitfic oxide in the breath of asthima patletits and in forénsics luminal is séd

i

to datect blood.”

fy interests in this topic fitst fay ondy in luminescence, but after finding out about all the differerit
types, | soon reached the conclusion that chemiluminescence would be the mastsuitable to look =t
because It 15 appropriate to investigate in @ laboratory environment shd because the presence of o
chemical reaction would mean the ability o easily investigate the effect of different variables by

changing conditions of the reacting,

it/ v sl s s ulkfwebpen ecte2 007 Mlemine introbtn

" oy /en wikipedia.orefwiki/ Luminestenee
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Cre well-known chemiluminescent reaction and the one | decided to investigats is the oxidation of
luminol, In this reaction, luminol {IUPAC hame: 5-8mine-2,3-difiydro-1 4-phthalazinedione} is
dissolved o an alkaline solution and reacted with an oxidising agent In the presence of a catalyst, The
maost common exidising agent used for this reaction is hydrogen peroxide as the 0-6 peroxide bond is
refatively weal but releases large amounts of energy from molectlar rearganisation when it is
broken, making its breakage energetically favourstie.” The catalyst | decided to use was bleach
{(MaOCl) as itis 3 common labioratory and househiold substance, avwell as because sodium
hypochlorite end hydrogen peroxide are commonly known to react fogether to release oxyzan, which
is what the luminol needs to react with to become exidised”. The aguation for the reaction of lumine!

with hydrogen peroxide is as follows:

Lurningt + #,0, ¥ B-APA* -3 3-4PA + fight *

@ 3-APAY is 3-aminophthalaie in an electronically excited state

#  3-APAis 3-aminophthalate ih its ground state.

The best accepted machanism for this reaction is shown in f{igi‘i}e'l:

o o O
i
G

3wﬁmir{;§phtha!a§:f&* {3-APA™)

Y gl .chim Srisaculkfweborolects 200 Domilng/raschanism it
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Figure1
Theres are many stages to the protess. Firstly, the base converis the luminel into the resonance-
stabilised diznion (A} by removing the protons attached to thenitropen atoms, creating negative
charges which thenh moveto the oxygeén atbis, prodiding an enolase ton. Then the oxyaen produced
by the oxidising agent performs a cyclic addition to create a yclic peroxide, which directly converts to
3-APA*, a dicarboxylate anion, by releasing the two nitrogen atoms as nitrogen gas. Whean this

compotnd drops to its ground state, visible light is emitted. )

Luminat is a green salid pewder which is soluble in most potar solvents but insoluble in water.
Mowever, when added to an alkaline solution, it dissolves and the soltition acquires 3 green finge, in
small guantities, it remains clear. When mixed with hydrogen peroxide and bleach, the mixture glows:
bright hlue and then turns yeliow wheri the glow finishes. The blue glow sctually consists of twe
different colowrs, caused by two different wavelengths, 3-APAY iGnswhich are hydrogen honded or

fully r}rotona};ed emit at a wavelength of 424nm whereas 3-APAY jons not bonded inthis way emit at

o i y’
485nim, i

“How does varying the concertration of hydrogen parokide affert the ightemitted during the
oridation of tuminel (S-Aming-2, 3-dihydro-1,4-phthalarinedione} using hydrogen perovide and y 4

sodium hypochiorite?”

in this reaction, it is commonly acknowledged that hydrogen peroxide is the oxidising agent™ ™ and. 3.0

sodium hypachdorite is the chemical which causes the hydrogen peroxide to évolve oxygen™ which

will then react with the luminol, However, when carrying out test reastions during.my Background

Wty farvews chim.brisacalkfwebnrolects s Memme/mechaniarhim
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rasgarch, | abserved that even when no hydrogen peroxide was added, chemiluminescence ocourred.
This made ma-guestion the roles the two chemicals had dand perhaps 1o what extent sodium
hypechlorite is also a reactont in this reaction, as [Lis also'a strong oxigising agent. Thus my raséaich
guastion deals with whether ar not the aimount of hydrogen peroxide has an effact on the light
eritted by the reaction and if.so, then what kind of corrlation exists. Duse to the very natore by
which the guestion was derived, it would be pertinent te Include a result for when the amount of  J
¥

hydrogen peroxide in the reaction 5 0.

HepoTiess

| predict that as the concentration of hydrogen peroxide added to the luminal solution is increased,
the light intensity of the reaction will increase. The maximum fight Intensify wili be greatest when the
concentration of hydrogen peroxide is the greatest that | fest and itwill be the least when there is in
hydrogen peroxide present in the reactants, lalse predict that, althodgh th light Intensity wilf be

gremter, thie reactants will be used up-morg in the same time, Le. the rate of the reaction will be

uicker. This means that although the fight s brighter, 1 will not Jast asfeng.

¥y o

ETHO0

One of the things | spent most timie on as partof my background research was trying fo get the most
stitahie recipe for the luminel reaction as there are many different procsduies to miake the lumingd
solution, alt with different amaunts of different basic substancies dcting as buffers to provide alkaline
conditions reguired to dissolve the lumine and wallow the reagtion to work. The fumins! solution |
enhded up using, as it produced a sufficient anount of light with hydrogen peraxide and odiurh

hypochlorite and was refatively easy to make, was produced as follows:

2

4g of sedium carbonate (Na,C0,) was dissolved in 500cm” of water
+  0.2g of luminol was added to this solutionand dissolved

s 25g of sodium hicarbonate (NaHCO.) and O:2g of ammonium carbonate ((NH3,C0.) were

addcled and dissalved Iy this solution

e The solution was then dituted to 1dm® by adding to a Ldm* volumetric flask and filling up to

wifi

the mark with distilled water

§
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gven though it is-suggested that the catalyst used with this furiinol selution s potassium ferricyanide,
tstit used sodivm hypechiorte due to the reasons menticned ahove as well s the limbited availability

of potassium ferricyanide.

When deciding how to measure the light prodizeed, my fitst considerstion was that  would have to he
able to block out amblent Hight, as the dependent variable | would bemeasuring was Hght intensity
and 5o ideally | wanted to incude in this measurement only light produced by the reaction, |.decided
that a fully closed box in which the redction takes place-hidden from outside light was the best way to
createqa dark environment. The reactants would need o be added througha kole in the top of the
box as small as possible and a light meter would project inwards through & hole in the side of the boy,

pointing at the container.

Bafore beghwing my investigation, | carried out a few test reagtiop’s with different amousnts of
resctants to gt a rough idea of how much light would be prodag;ed. The bue glowing oeourred as
spon as the two reacting substances came into contact with each-other and, more importantly,
occurred only where the two reacting substances came into ¢ontact with each other before fadiig,
away quickly within 2 seconds or so. Therefore it became clear that for the investigation | would have
to have-small volurmes for the reactants so that 1 could have small containers for the reaction to take
place in —~ more specifically, containers with small radii. If the contatner Has a sivall radius, then the
total number of places the luminescence can occurwithin the hodzontal plane of the liquid, all at
different distances from the light meter, is reduced and 5o the experiment will be more eonsistent

and reliable,

Even whatt using small volumies of reactants, | observed that thete would alimost-always he some of
the reactants left over, unless a very large amount of sodivm hypochiorite was added, So | decided to
react the remaining solution with the same amount of sodium hypochlorite again and, as | expectad,
the results of this also varied with changes in differentcondibions, Therefore 1 alio dedided to include
int my investigation the resulis Tor the second additions of sodiup hypodidorite to the reaction for all

the concentrations of hydrogen peroxide,

Ohbviously, the factor b wolld be varyiog was-the concentration of hydrogen peroxide added 1o the
solutton and Fwould do this by adding different volanmes of hydrogen peroxide to the same volume of

urainat solution. This means avery other factar would have to ramain constant. The constant volume

PR
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of luminel solution | used, keeping in rmind that it had 1o be'a srmall amount, was 5om™ ard the

containgr Lused was a small conical flask which could hold about 15em™,

with the reaction | had, | needed to stquire @ suitable range of values for the volumes of hydrogen
perodide to investigate, | found outthat very small volumes of hydrogen peroxidehad to be used in
arder for there to-be any difference in light intensity: This was probably dueto the small volume of
lumino! solution (the other reactant), These volumies wera under 1eii® and dus to the shsenée of any
eruipment to accurately measure such volumes, 1 decided to medsure hydrogen peroxide by drops of
3 hypodermic needle. The range of values | used was fram 0 dropsto 6 drops oixhydx ogen peroxide,
added to the same Scm” of luminol solutian. I'then added a constant volume of ?cm of sadiurm

hypockiotite and measured the Hght intensity of the light produced by using a [xght-meter. g‘f

The apparatus was set up as follows:

‘ _ . Bokrmade of black paper
Syringe with lom” of on top and cardbeard on

sedicm bypochlorite, \ 5 cides
with hypodermic noedie

projecting into box

,,_,_f T

tight meter with data conjcal flask with Sem®
fogger connected t0 of lyminol solution ang
taptop variable voiume (very " % .
small} of hydrogen

peroxide

Figure 2

i
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Ehotosraph 1 Photograph 2

The apparatus consisted of a cardboard box lid with black gaper taped to the top, acting a5 a lid. A
flap was made so that | could move the flask easily o change between tesis. A small ciroular hole was
cut sut in the side of the box 1o allow the light meter, which was cornected 1o a laptop to digitally
record results, o project inside. The paper had to be black in order to make the ifside of the box as
dark as possible, The adding of the sodium hypochlorite would also need. to allow as lesslight as
possibleinte the box. Mence a hypodermie needie was used to do this, as nolight could enter through

the very small hole in the paper.

Before carrying out the experiment, | placed a flask inside the box next to the light meter and drew a
circle to rark its-position, | theiy ptaced the conical flask in that same position for aff the foilowing
tests i order to ensure that the position remained constant. This was impotiant as the distance

betweanthe reaction and the light reeter would affect the light intensity reading. | had 1o aiso make
a
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sure the place | would add the sodium hypechioriie inte the flask would rematn constantand so |
made a small hole using thie hypodermic neadle in the Best positian possible and then always used

that hele to add the sodium hypochlorite to the flask.

For each run, | measured out Scm’ in a messuring cylinder and then poured it into the smiali conical
flask. Then } added the correct amount of dreps of hydrogen peroxide into the flask and placed it in
the box, on the marked circle. To cafry out'tha reaction, | then dosed the flap, draw 1om® of soditm
hypochlarite i a syringe and injected it into the flask through the hypodermic needle, projeciing
throuigh the paper. The digital dota logger connected to the light meter would show s series of
changing vatuas Tor ight Intensity but as it was connected to-a PC, a-graph of light Intensity against
tirme could e obtained for each test. Learfied out the-test foreach concentragion of hydrogen

peroxide twice to make the experiment more refiahle,

The coleur changes observed in the reaction are:shown in photegraph 3:
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HESULTS AND ANALYEIS

Ta record the data, | used the computer software ‘DataStudio” which accompanies the ight meter and
datn logger. The software produced a graph of light intensity agalnst tinve for each run | carried out,
meaning | would have many graphs-each producing & peak of light intensity at the titne { injected the
sodium hypochiorite into the conical flask of reactants, | had to adjust the peaks so that they were all
refatively in the same time position on the x-axis and | could then take the start of each pesk as.0

seconds,

The light meter was set up by default so that i took a reading ance every 0.5 seconds but | adjusted &t
to take readings as frequently as possible, which was once-every 0.001 seconds, os- 1000 times par
second. This was done 50 that the results would be-as accurate as possible and manual Iriterpolation
of any graphs, if ever necessary, would not be needed. The peak of maxirmum light intensity, which

would be crudial to my conclusion, would also bemare accurate
r

£
A set of graphs showing alt my results is shown in Figure 3, As | carried out each run twice, these are

also inchidad.

10



Set of graphs to show light intensity against time during the
first and second additions of sodium hypochlorite to the
reactants with different volumes of hydrogen peroxide, both
first and second repeats for each run
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By results showed that the correlation betweer the amount of hydrogen peroxide in the reactants
and the light intensity of the reaction was not as simple as' thought. Querall, it sesrded that there
was & negative correlation because, during the first addition of sodium hypochlorite, the more
frydrogen peroxide that was added, the fess the maximum light intensity was. However, the reiction
with no hydrogen peroxide did not produce the greatest maximum light intenstty, as would be
axpected. The less hydrogen peroxide used, the brighter the lightis, until the point when no hydrogen

peroxide is used at all. Then the fight becomes dim.

h iaght mtensrty agaznst time durmg the
dditions of mdmm hypochlorite to the reactants with
d;fferf nt veiumes of hydrogen peroxide, both first and second
repeats for each run

30.000

00 g drops, 1

0.000

Figure 4

iz
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drffe en v _un’ie& m‘ hydrogen pemmde any first repeat for

each run

1 degp, 34

16060

Figure 4 and Figure 5 show the negative correlation between the concentration of hydrogen peroxide
added ta the luminol solution, between 1 drop and 6 drops, and the light intensity.of the reattion
caused by the first addition of sedivm hypechlorite. The red colour of the lines represénting each
concentration of hydrogen peroxide in drops has been set to get darker with ncreasing coneentration
of hydrogan peroxide, and on both graphis it i§ visibie that the darker the line, the siallerits peak is,

The graphs tor 0 drops of hydrogen peroxide added have beeri omitted.

Figure 6

iepdmurn light intensities of first sdditions of sodium hypochlorite (raw data)

Drops of hydrogen peroxide added to Sem® of luminol solution

6 4 2 1 4]
Repeat 1 18.89 2372 29,35 42.79 17.95
Repeat 2 19.48 24.35 32.51 416 16.21
Average  18.235 24.035 31.08 42 195 17.08

i3
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1 lu me of hydrogen perox:de on
i nssty during the first additions of sodium
hypmhiunte to reactants using averages of repeats 1 and 2

" Volume of Hytrogen Peroxide / drops

Figure 7

Flgure & and Figure 7 show the direct velationship between donceniration of hydrogen peroxide and
the maximum light intensity produced by the first addition of sadium hypochiorite to the reaction,
trom (t drops to 6 deops. From this we can see that the more drops of hydrogen peroxide present in
the reactants, the less the maxirnum Intensily, Butifno hydroges peroxide is present, the Tight
Intenstty is even lower than if & drops were present. To obtain this graph, ) made a table of values
{Figure 6) for the maximum light intensities of repeats ¥ and 2 against volume of hydrogen peroxide
atlded, by extracting the values from the maximum points on the graphs of light intensity against

time, and then took the averages of the two repeats to obtain a singla set of resuits.

The graphs for the seconi addition of sodium hypochlorite 1o the reactants were obtained by adding
the same ameunt of sedivm hypochlorite (1em™) to the Rask again, altowing any unreacted
substances in the flask to réact again, As the light intensity of this second reaction is an inverse
measure of how much reactant was used up in the first reaction, and the time of reaction is the same,
itcan act a5 an inverse measure of the rate at which the reactants are used up. | found a positive
correlation between the concentration of hydrogen peroxide in the furingl solution and the light
intensity of the second reaction with sodium hypochlorite, and therefore a negative correlation

betwesn the concentration of hydrogen peroxide and the rate of the reaction,

14
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m;::-e-a’ts for each fun

Heure d

Figure 8 and Figure 9 show the positive correlation betwaen the volume of hydrogan peroxide added
to the lumine!l solution, between 1 drop and § drops, and the light intensity of the reaction caused by
the second addition of sodium hypochlorite. In this case, the darker the line, the mére drops of
hydragen peroxide i represents, and the darker the line, the higher the-peaicis. The graphs for 0

drops of hydrogen peroxide added have heen omitted,

15
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the first repeat fm' each run

wavomes | (1 0y, 7wl

10600

Figure 10

Maximum light intensiiies of second additions of sodium hyvpochlorite fraw data)

Drops of hydrogen peroxide added fo Scrm® of luminal solution

8 4 2 70
Repeat 1 5.7 1.9 147 0 7.18
Repeat?2 545 1.73 218 0 1287
Average  B.E7S 1.85 1.78985 O 9.925

i6
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max;mum isght'mteﬂssty durmg the second additions of sod:um
hypmchimnte to reactants, using averages of repeats 1 and 2

 Volume of Hydrogen Peroxide / drops

Fipure 13

Fabtained Figure 11 in the same way as Figure 7. The table of vitues for the maximiim light intensities
of the reactions dug to the second additions of sodium hypochlorite is shiown in Figure 10, Figure 10
ard Flgure 17 show the divect relationship between the concentration of hydrogen peroxida and the
maximum light intensity produced by the segond addition of sodium Hypochlorite to the reaction,
from O drops ta § drops. From this we can see that the more drops of hydrogen peroxide present in
the reactants, the more the maximum light intensity of the:second addition,.but if ric hydrogen
peroxide Is present, the light intensity is eveh higher than if 6 drops were present. This shows that the
rate of reactton decreases as the concentration of hydrogen peroxide Increases anless there is no

hydrogen peroxide present at all in the reactants, in which cass the rate is very slow

17
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COnNTLUSION

My orlginal hypothesis was that as hydrogen peroxide concentration increases, the maximurm light
intensity of the reaction will increase. The results show that this is wrong, as Figure 7 indicates a
decrease in maximum lght intensity with an incresse in the concentration of hiydrogen peroxide in
the conical flask of reactants. However, the lowest value of maximum ght intensity was sifll

produced by the reaction with no hydrogen peroxide in it

My second hypathesis was that as hydrogen peroxide concentration horeases, the aimount of
reactants used up during the same tire, Le, the rate of the reaction, will also increase, specifically
diie to the higher Hght intensity (that | predicted). As my first hypothesis was incorract, my second
hypothesis was also incorrect as Figure 11 indicates an increase in maaxdmium ight intensity of the
second addition of sodiui hypochlorite, ie. 8 decrease in rate of reaction, from an increasein the
concentration of hydrogen peroxide in the conieat flask.of reactants. However, the greatest value of
light intensity which was caused by the second addition of sodiurmy hypochlorite, and therefore the

iowest reaction rate; was produced by the reaction with no hydrogen peroxide it

EXpLANATION

| had expacted the light intensity of the reaction to ihcrease with increasing hydrogen peroxide due to
the increase in the amount of oxidising agentrolecules, causing ai indrease in limino! molecuiss
which react, causing more 3-APAY molecules, thus causing move light, However this assumes that the
luminol s i excess and so increasing hydrogen perexide concentration will increase the reaction. Gne
conskderation  had not thought of while making the hypothesisisthat i is very fikely that it is instead
the hydrogen peroxide which is in excess, even with ene drop from a hypodermic needie. This is
because very little luminol was added to make the luminol selution in the first place, as only a very
fistie amount s needed (al lumined splution recipes have avery small cottceritration of iumii";ol)”". This
means using sodinm hypochiorite-will evolve far more-oxygen from the hydrogen peroxide than the

{minot can react with amjway, aivd so increasing hydrogen peroxide concentration from 1 drop dees

not increase light intensity but in facl decreases it

| eame to the conclusion that sedium hypochiorite must also be a réactant in this reaction, working as
an oxidising agent without the nead for 3 catalyst. This explains why the reaction st warks whian no
hydrogen peroxide is present in the reactants, This means thata very smal amount of hydrogen

peroxide is needed 10 make the sohution glz‘aw muich biightér. Afterthis-amdunt; the hydrogen

bt Mo i btis se.ul/webprotects z0n 2 e/ srpedimentaliiim
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peroxide merely slows dewn the reaction as there are more Hu{, molecules in the soluton which are
uninvilved and do rot participate in any collisions and so prevent eallisions of the molecutes whichdo

react.

Applications of my Findings

My result lndicating that increasing hydrogen peroxide concentration decréases light intensity and
decreases the rale of the reaction shows that increasing the concentration of hydrogen perexide in.
the reaction could be used to-coiitrol and Hmit the reaction. At these quantities, More hydrogen
peroxide could be added if one wanted less fight emission and/or the luminol to-be used up less
quickly so that the reaction could bie carried out many times for 2 ionger time period using the same

container of reactants.

EVALUATION AND FUBTHER INVESTIGATIONS

The results and conclusion to this experiment have opened up many other questions that could be
investigated and answered, As | concluded that the hydrogen peroxide Is in excess.even at one drop,
it should! then follow that there would have béen a positive correlation between hydrogen peroside:
and light Intensity up to.a certain concentration as hvdrogen peroxide:fs increased bafore the
optimum was reached and then the iydrogen pevoxide was in excess. A different way to-measure the
different hydrogen peroxide concentrations othar than by volurme; Tor examele the ratio of huriber of
rriotes of frydrogen peroxide to luminel, especially as the concentration of iumino! kself in the solution
is 50 low, would have been moré sultable, Altarnatively, the constant volurne of luminol solution used
in the reaction could be increased to make it easier and mere accurate. Then the optimum ratio could

have heen found and compared with the ratio of the reactants in the fullegustion for the reaction, ™

The series of values for hydrogen peraxide could have also been extended the other way 1o lengihen
the graph in Figure 7. So far the graph stops with 6 draps. However twould be interesting to sze, ag
the line continues, If it continues to plateau, approaching an asymptote, alwavs above the value of
maximum light intensity for & drops of hydrogen peroxide, or it % dips-helow the value for0 drops. IFR
does dip below, it would be possible-to then deterining ihe number of draps of hydragen peroxide
ahove which iUis better te use no hydregen peroxide at all to cieate brighter light, by determining the
precise concentration value for which the light intensity is the same a3 when no hydrogen peroxide &

added.

i d
“1in fact, after doing more research, | Ieam‘tthat% positive correlation has actually been found at. Uf
extremely smallvolumses (in the concentration range 5 x 10-8-7.5 % 10~6 mal/l as shawn by the
Following source: it/ fanlinelibrary wiley. comfdeld 10,1007 /bl 1170060200 /Aabstract). This then
supports my explanation
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