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Abstract:

With nowsdays concerns about the planel and its conservation, many people have
chosen a new practice: recycling paper. In its process, bieach is used to whitan the paper. The
aim of this investigatior is to study if 3t is more useful the use of sodium hypochlorite or
hydragen peroxide for bleaching paper with pink marker ink and biack pen ink, commonly
used by students at school. Later evaluate how long it is convenient to have the paper soaked
in the Heach solution for each type of ink,

To assess this, 40 papers of equal size and material whiere placed i 40 test tidies. 20
painted with biack ball pen, 20 with pinl microfiber, OF cach type of ink, half where set with
hydrogen peroxide and half with sodiom bypochiorite. Using a colorimeter, abserbance values
were taken for each type of ink and bleach every .50 hours. Results showed that for black ball
pen sodium hypochlorite gave more effective values; as the difference between bleaches was
small, taking into account environmental issues, hydrogen peroxide is recommended to be
used.

For whitening pink. microfiber hydrogen peroxide Is also recommierded as results
where more effective and it produces tess harm o the environiment.. Hydrogen peroxide is
among the most versatile, effective and environmentally friendly oxidizing agents.

For hydrogen peroxide 6 hours séemed enoagh to whiten the paper and maintain the
paper unbroken and for sodium hypochforite 4,30 howrs are enough to whiten: it is convenient

ot o leave it for oo much longer as it breaks down the paper,
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fosearch Question:

e

e :
Is it more useful the use of sodium hypochlorite or hydrogen peroxide in the process of
bigaching paper with pink marker ink and biack pen ink? How long 1 it convenient to have the

paper spaked in the bleach selution Tor each type of ink?

Is it more useful to use of sodium hypoechlorite or hydrogen perexide in the process of
hizaching paper with plak marker irik and black pen ink?

With nowadays concerns about the planet and its conservation, many people have
chosen s new practice; recyding, "The United States Environmental Protection Agerigy (EPA)
has found that recydling causes 35% tess water pollution and 74% less air pollution than
making virgin paper.”’ These percentages are very catchy, still there is a small issue related to

the bleach used when recyiling paper. Sodium hypechlorite s a contaminant selution as it

contains Bromatc, which Is 2 “man made chemical that does not ocour naturally” %, and For
many ymrs ths has been the malnly used bleach. On the other hand hydrogen perexide is
among the most versatile, effective and environmentally friendly oxidizing agents, 11 is usad {o
treat a large number of poliutants®. That is why { choose to investigate if using hydrogen
peroxide is a good solution to pollution concermns.

“Bleach refers to a number of Chamicals that remove colour, whiten, or disinfsct, often
via oxidation. Commaon chemical bleaches include household chiorine bleach {2 solution of
approximately 3-6% sodium hypochlorite, Madl), oxygen bleach (which contains either
hydrogen peroxide or a peroxide-releasing corpoand).”?

Coleur In most dyes and pigments are produced by molecules which contain
chramophores. "Oxidizing bleach works by breaking the chemical bonds that make up the
chromophore. This changes the molecule into a different substance that either does not

contain & chromophore or contains a chromophore that does not abserb visible light,”®

{_llfl;??i;_r'lﬁll..\’\fiE‘Qii_)f:tﬁﬁﬁ..DJ'QFV\J’“(;.{P&DG? reeyeling

it . - "
* httpAwwwegroundwateruk org/eroundweater-proiects-bromate-pollution.aspy.

! htte:/Swww brightenyourfuture com/pdf/en/brochire H207 environment EN,bodf

1 http: Aenwikipediaoreiwiki/Bleach

* hitpienwikipedia.ors/wiki/Rleach
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I is known that sodium hypochlorite Is very effective in short time, réason why it is
used for whitening cloth and fiber, although “it causes some fiber degradation as it is not
volatile; and leaving the paper soaked in the soluiion for too long will break it down.”®

b wiil test therateof bleaching for the two subistances using in each case fwo types of
ink and the same paper for all, The reason | choose these variables s bacause | thought of the
materials most used at my school, where a new campalgn of recycling is starting. 50 1 will use
back ball pen and pink microfiber, keeping the type of paper constant as this extended essay is
focused of the type of ink.

So as independent variables | chose sodium hypochiorfte and hydrogen peroside; the
degree of whitening as the amount of ink released by the naper as dependent variable, The
amount of ink released will be messured in & solution with the bleach by using 2
spectrophatometer; this is o “photometer (8 device for measuring fight intensity) that can
measurs fntensity as a function of the light souree wavelength®”

Absorbance Is a "measure of the amount of light dbsorbed {at particular wavelength)
as the light passes through @ sample or substance.” ® The garticular wavelength for the samples
will be found out i the injtal test. The initial test will be to deterraine the wavelength to use
to measule the absorbance that is proportionsl to the colour concentration where the
independent varfable is the wavelength and the dependent variable is the absorbance of the

different soluztons, J

* it/ fenwikinediz.orafwiki/Sodium bypochiorite

7t/ fenawikipedia.ore fwiki/Spectirophotometer

T hitp:/Aanwer hiology-onkne ore/dictionary/Alsorbiance
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fnitial Test
This was cartied out in order to test if the experiment of the extended essay would

have any efficient and evidentia! result and to choose correatly the variables and parameters.

Partt

Materials:

4 test ubes (23x100 romy, 4 equal pieces of paper (“Estrada” made in Argentina }, 20
mi e of sodium hypoehlorite {solution that containg 4-8%) and 20 mi of hydrogen peraxide,
{sohition that contains 3%} black bail pen {Brand: Bic, made in Mexico) and pink

microfiher{Brand: Stabilo, point 88, fine 0,4; made in Germany).

Pracedure:

Pairit equally two pepers with the black ball pen and two papers with pink microfiber.

Place one paper into each test tube.

Pour 10 mi of hydrogen peroxide into the test tube with the paper painted black and 10 mil 1o
the test tube with the paper painted pink.

Pour 10 m! of sodium hypochiorite to each of the other fest tubes:

Leave it rest for one weel,

Results:

The testtube with thve paper painted black and hydrogen perodde suffered no effect at all,
The paper painted black that was in sodivm hypachlorite was completely whifs.

The paper painted pihk in hvdrogen peroidde was also white,

The paper painded pink that was with sodium hypochlorite was White but also the paper was

all broken down,

Condusion:

bvidently sodium hypochiorite was very effédtive, but as mentioned I the
introduction, it was left too much thne and has broken down the paper. On the other hand
hydrogen peroxide successfully whitened one of the inks [paper paintsd pink) but had no
effect on the other one (paper paintgd Back), This must be taken into account For the main
experiments of the extended essay. 1t must be considered the proporiions of solution and

naper and symount of ink in order to have more effeciive results.

3
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Determine the wavelength ideal for the experiment of the extended essay.
As the tleach whitens the paper, ink will detach from the paper and dissolve in the sofution,
causing & change in absorbance of the bleach used. “The extent to which a sample absorbs

u8

light depends strongly upon the wavelength of the Higit””. In this. way we will be able to see

the rate of whitening and make kinetics of the absorbance i the for each sample:

M aterials:
Sodium bypochlerite and hydrogen peroxide from the test tubes of the first part of the
gxperiment, colotimeter, clean sodium hypochlorite {solution that contalns 4-6%) arid

hydrogen peroxide {solution that contains 3%).

Frocedure:

Take a sample of cean sodium hypochleriter and set the Glank in the colorimeter for
wavelergth 450 nm,

Take out the sample and emptythe tube.

Pour into the tube the sodivm hypochlorite thal was used to blesch the papér painted Pink
and place it into the apparatus.

Try and see if there is any detection far abserbance with the wivelengihs {m): 450, 500, 550, h
600, 650, 700, Take note of the wavelength that detects more abisorbance, .
Once the most convenient and useful wavelengih for the selutions is perceived, withdraw the
sample and again place a test tube with cledn sedium hypochlorite and maid the “zero” in that
wavelength.

Withdraw the sodium hypochlorite and place the former sataple 1o take rote of the
absorbance,

Do the same for hydrogen peroxide.

Resulis;

Gt

Absorbance was better detectad in sach of the cases for the wavalength of 550 nanomaters.
Abserbance of sodium hypochiorite In blatkink: 0.277

Absorbance of hydrogen peroxide with pink ink: 0,605

hete: /wwwchm davidsonedu/vee/ spectrephotometry/ahsorbancespectrum.him]
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Rasults of absorbance for wavelengths from 450 to 700 e for both bieaches:

' Absorbance {AU Absorbance (AU
0,001 )sodivm +0.001 hydrogen
Wavelength (nm) iwp-uch)lmi'te with percgiéevwii:hg pink
black ink Nk
450 0,600 0,000
500 oL 0,000
550 0,277 0,606
§ 500 0,000 3,097
650 0,000 0,000
700 0,600 &, 000

Tahle 1: Shows the values for absorbance for sodium hypochiorite with biack Ink and hydrogen
peroxide with pink ink. These values show that there is most detection of absorbance for both

cases at wavelength = 550 nm.

Conclusion:
1. Thie wavelength of 550 nm will be used as it has best detected absorbance for sach
sarnple.
2. In arder to perceive and ohsefve better results and differences between the two
bleaches, a smaller amount of bleach must be usied, This must show better and clearer

resulis in absorbance as the solution wil be move concentrated,
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Experiment:

40 test tubes{E3x100 mim), 300 mi of hydrogen peroride (H,0;) {sohsion that contalns 3%),

100 mi of sedium hypochlorite {NaClO) (solution that coptains 4-6%), test tube rack, black

permanent marker, two egual sheeis of paper("Estrada” made in Afgenting ), black ball pen

(Brand: Bir, made in Mesxico), pink microfiber(Brand: Stabilo, point 88, fine 0,4; made in

Garmany) , calorimeter,

Procedure:

&

&

Cut 40 papers of equal size,

Paint 20 of those papers with flack per inic a5 even as possiblé and maiking sure the
pressure at which it ls painted is kept constant.

Each paper must have the same amount ok inl, it is recommended that yeu mark the
space area b be painted and maintain it the same for all the paners,

Put the 20 papers with black per ink into separate test tubes, Male sure that the side
of the paper that is painted is facing inwards. th this way the ink is not i touch with
the test tube walls and doas not loose surfade area, which could affect the rate of
whitenirg, as less ink would be in touch with the bleach. Label all test tubes.

Take the other 20 papers-and paint them with the pink wilcrofiber ink the same way as
it was done with the black ball pen,

Place the papers in 20 different test tubes the way it was done withy the others apd
tabel them,

Place the test tubes in two racks so that all the test tubas with black pagers remain in
ane and the test tube with pink papers inanother rack,

O the 20 test tubes of each paper, 10wl be BAbelfed “H;0," and 10 *Natio”

Pour 5 mi of hydrogen pervoxide to the corresponding test tubes dnd 5 m! of soditm
hypochlorite to the corresponding test tubes.

Take two initial samples for each colour paper and bleach {eight in total) and remove
the paper.

Repeat the procedure every 1.50 hours il all the test tubes are empty. You will have

two samples for each hour for each colour paper and bleach.
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= Measure the absorbance for each sample and take note of the results,

e Make a kinetic to show the rate of whitening for each bleach and ink.
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Results:

“although absorbance does not have true units, itis quite often reported in "Absorbance

Units® or AL

Absorbance values for different bieaches for nink inlo

Absorbaree (AULC.001)

Absorbancs (AULD,001)

ik I . -
ik sodiuim hypochloriie hydrogen peroide
incubation timi)f hours { 20,01 Trial 1 Trial 2 Trial 4 Trial 2
0.00 0006 0.003 0085 0.045
1,80 0.016 0.043 0101 5,118
3,00 0.025 Q023 3.102 0122
4,50 0.076 0.430 0187 (0.220
6,00 (3.691 0.068 6,218 0,242

Table 2: Shows the absorbance [AU) for the two different bleaches for the pink mitrofiber.
Samples where all set #t the same time, and every 1.50 hours two samples for each type of

bleach were removed, This process is to show the evalution of whitening over time. The

wavelength used to obtain these results s 550 nm.

Absarbance values for different bieaches for black ink;

Absorbance (AUZ0.001)

Absorbance (AU£0.001}

Blaclc sodium hypochlorite hydrogen peroxide
Ineubation timg)/ hours (=001 Trial 1 Trial 2 trial 1 Trial 2
1,90 0.807 0.043 0024 0.031
1,50 0.528 0.040 0.083 0,062
3,00 G.050 0.077 0.084 0.086
4,50 0.342 (.339 0127 0.188
8,00 0,506 0.543 0.255 0.279

Table 3: Shows the ebsorbance (AU} for the two different bleachss for the black ball pen.
Samples where all set at the same time, and every L50 hours twe samples for gach type of

bieach were removed. This process is to show the evolution of whitening over time. The

wavelength-used to ohtain these-results is 550 nm.

i1 E

Wosfenawikipedia.org/wiki/Absorbance
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This picture above shows 20 test tubes with paper painted with black bali pan, on
the right soaked in sodium hypochlorite and on the left in hydrogen peroxide sher the
axparimant was just about to begin, The empty rack is to hold papers as they are faken
from the test iwhes every hour and a half.

The pieture above shows the 20 test tbes with paper painted with black ball
pen as the first picture but st the end of the experimant, All papers that have been removed

from test tubes are now all on the rack at the left,
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Frovessing the data:

Black ball per:

Values to be used in piotting the rate of whitening.for sodium hypochlerite and black ink:

; incubation

Average absorbarce time,
{AUL0.001) for ime
sodium hypochlorite hours
‘ (0,01 b}

0,010 8,0

0,064 30

0,341 45

0,525 6,0

Table 4: Shows the adapted values that will be used for piotfing the graph, The absorbaiice
values for sodium hypochlorite are an average of the two values obtained in each case from
the experiment. The time represénts how long the papers have hegn whitened In test tube

with the bleach, a half hour is represented by 0.5,

Values Lo be used in plotting the rate of whitening for hivdrogein peroxide and biack inle

Average ghsorbance in?i:zt}an
(AUZ0.001] for

hytlrogen peroxide hours

{#0,01 h}

0,030 0,0

0,073 1,5

0,690 30

(158 4.5

0267 5,0

Tahle 5 Shows the adapted values that will be used for plotting the graph. The absorbance
values for hydragen peroxide are an average of the two values obtained In each case from the
expériment, The time represents how lohg the papers have been whitenad in tast tube with

the bleach, a half-hour is represerted by 6,5,
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Graph showing rate of whitening for black ink and for bieaches:

Black ball pen
Absorbance for two bleaches Vs Time

0,600

(4,500
il Ry age abstrbancy
(ALER.00 ) Tor

sodiam ypochiorits

G400

2 g0 e Averige absorbance

m {AUR0.00 M ar hydrogon
£ 0,200 peroite
)
g ] Ll Avarage ahsorbance
Coa 0,100 {AlGO0 Her
sodium hypochionite)
! 0,000 . .
! - . ) = Lineal {Aversg alsorbance
N 08 L4 40 G0 8.0 [ALEED 002 Tor hdrapen
peraxids)
! {1,700 e
! Time / bours

Graph 1: Shows how the absorbance (AU for sodium hypochiorite (Blue line) evolves
as time passes. Samples have beern talery every 1.50 hours and results have heen plotted to
show the rates. Results far hydrogen peroxide bieach {Pink line} have been plotted to compare
the rate between the two bleaches for the same type of ink, this graph shows the blagk ball
pen. in general absorbaiice values increase when samples are leff for more time Tor the bleach
to react with the ink. Sodium hyporhiorite shows an abrupt positive slope betwesn hours 3.00
and 6.00. The mean gradient for the line representing the whiterning with sodium hypoehlorite
is 0.089; this Is a gradient 2.405 tirmes targer than the one of hydrogen peroxide, which is
0,037, With these values it can clearly be sesn that sodium hypochlorite has & much Taster
rate, at first the whitening is quite constant and after 3 howrs thete is a noticeahle increase
whilst the hydroger peroxide malntains a constant increase over the § hours, Last recording of

absoriance for sodium hypochlorite is 0.525 and for hydrogen veroxide it is .267.
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Yalugs to be used in plotting the rate of whitening for sedium hypochlorite and pinidink:

Average absorbance | iﬁz“fﬂ"
(AU0.001) for .
sodium hypochlorite howrs
’ (0,01 )

0,005 0,0
O,U'l':) 1[5- ]
0,024 3,0
0,053 4,5}
0,080 6,0

Tahte 6: Shows the adapted values that will be used for platting the graph. The absorbance
values for sodium hypochlorite are an average of the two values obtained In each case from
thie axperiment, The thme represents how Jong the papers have been whitered in test tuba
with the bleach, a half hour is represented by 0,5,

Values to be used in.plotting the rate of whiteping for bydrogen peroxide and gink ink:

Average | | b ation
absorhance | tine /
(AU0.001] for hZ”u rs
hydrogen (0,01 )
paroxide
0,050 0.0
6,110} L
0,112 Y
0,179 | Az
0,230 6,0

Table 7: Shows the values that will be used for plotting the graph. The absorbance values for
hydiogen peromdde are an average of the two values obtained in éach casg from the
experiment. The fime represents how lang the papers have been whitened in test tube with

the bleach, a half hour is represented by 0,5,
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Graph showing rate of whitening for pink ink and for bleaches:

Pink microfiber
Absorbance for two bleaches Vs time
0,250 R
All=0,02E {a,ﬂﬁgﬁ%:

90,200 | : TR — o AURYRE ahsoThunoe
? ‘ ﬁf“’» (AUG.001i for

sociun ypochiorite

g G150 o Rt cro e e

et e Ryirage alnorhance

o {AU0.001 Har bydedgen

;;:;'! 0,100 R e S S 2 2 e ,g-ﬁfgxi{]{)

& , AUSGUIZL-D00Z Lineal fAverage absorbivice
5 poso o ‘ (AUE0.001) For

sadim bypochhornite

e V‘ ——Lingal (Average absorbance
000 : (AL 001 oy Mydrogen
Gio 4,0 40 G0 2,0 poroside)

G050

Tirne f hours

Graph 2: Shows how the absorbance {AU) for sodium hypochiorite {Blue line) evolvas
as tme passes, Samples have been taken every 1.50 hours and results have been plotted to
show the rate. Results for hidrogen peroxide bleach (Pink line} have been plotted wo compare
the rate between the two bleaches for the same type of ink, this graph shows the pink
microfiber. As from the initial valug there is 9 notiteabls difference in absorbance. The mean
gradient for the line representing the whitening with hydrogen peroxide is 0.028; this is a
gradient 2.334 times larger than the one of sodium hypochlorite; which B 0.012, With these
vafues 1t can clearly be seen that hydrogen peroxide has a much faster rate. Last recording of
absorbance for sodium hypochlorite Is 8,080 and for hydrogen peroxide it is 0,230, the

difference considerahle,
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Conglusion:

According to the resulis of the experimenis i can be stated that for whitening paper
with black pall gen it Is most convenient to use hydrogen peroxide. Sodiur: hypochlorite
sarnples showed higher values of absorbance, but so did the hydrogen peroxide samples and
the differance at the end of the experiment is relatively small. It is also taken intd account that
sotfiumn hypochlorite is very contaminant compared to the hydrogen peroxide. When results
differ but so little (Last absorbance {AU) of sodiurs hypochlorite: 9,525; Last absorbance (AU}
of hydrogen peroxide: 0,267 the better option must be the one that produces less harm 1o the
environment, as the objective Is to try 1o preserve natdre and recoutses Tor a better Tuture,

On the ather hand, when whiténing paper with pink microfiber, hydrogen peroxide
showed to be much more effective than sodium hypechierite. After the 6 hours had passed,
the difference In absorbance values where nportant {(Last absorbaace (AU} of sodium
hypochlorite: 0,080; Last absorbance {AL} of hydrogen peroxide: §,230) In the period of time
tested it is evident hydrogen peroxide is most effective. This resull s very positive for it riieans
that is much efficlent, and at the same time less harmful to the envitonment: knowing that
contaminating sedium hypochlorite could be switched to hydrogen peroxide and. not only
pollute less but have even hetker results.

Aecording to the time convenient to leave the paper i the bieaches, for hydrogen
perodide & hours seemed enough to whiteh the paper and maintaiis the papar unbroken, On
thie other hand for sodium hypochlorite for the black ball pen 4.50 houss are epough io
whiten, for pink microfiber effect would be less but as it has just been discussed, this option s
not recornmernded. But if it i eventlally used it is convenient not to leave it for toe longer as it
hreaks down the paper and dissolves it

It would be highly recormmended for a schood Institution that has a recyeling campaign
or recycles paper for students to use microfibers as the pink ore used in the experiments and
avold using the biack ball pen used. it would be ideal 1o eventuilly teist and find the one ball

pen that can easily be whiteried during the recycling process with hydrogan peroxide.

Tohave more accurate results 1t would be 5 good idea to try not only with more types

of ink, bub with different types of paper and also try leaving the samples with hydrogen '

peroxide for a longer period of time to see i It actually veaches similer results as sodium
hypochlorite.

Another aspect that could have altersd the results s the faet that absorhance valuss
where sl measured at the end of the exgeriment, that is to say, after the & hours have passed
and all the papers have beenr taken from: the test tube with bledch. Bleaches work on the
molecutes in the solution, “breaking the chernical honds that make up the chromophore, This

w5,
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changes the molecule Info & different substance that either does not contain a chromophore,.
or contains a chromophore that does not absorb visible light” ™ This chromophore is the
component of the moleciie respensible for its colowr. So 1t may have ceourred that the bleach
continued acting on the ink dissolved changing the absorbance values and giving inexact

results.

" htipefen.wikipedia.oreywikiRleach
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