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Serbian (Serbia)

OppehmBatbe MHAEKCa npenamMmaba BUCOKO KOHLEHTpUca-
Hux pacteopa NaCl n rnnyepuHa nomohy ToTanHe pednek-
cunje (TP).

HanomeHa - He nuwunTe y fleCHY KONIOHY

N3mepuTe co6HY TemnepaTypy (Y3MuUTe NoTNUC cynepemsopa Kajaa ynuiierte Temnepa-
Typy) (0.1 noeH)

A.0 (0.2 pt)
CobHa TemnepaTypa je

OapehuBamwe epeKTMBHE NOBPLUMHE NonpeYyHor npeceka (A) nocyae kopuwhewem ge-
cTunoBaHe BoAe (3.4 noeHa)

A.1 (1.2 pt)
Tabena 1:

S No. S [ B 2. | . C P 4. | .. 5.1 .. 6.

3anpemuHa Boge, V (ml)

MpeuHunk ancka, d (cm)

A.2 (1.8 pt)
Mpadpuk 1.
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A.3 (0.2 pt)

Harun6 rpajuka (S = d/V)=

A.4 (0.4 pt)

EdexTmBHA noBpLUMHa NpeceKka nocyae (A) =
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Oeo 2: OppehuBame nHaekca npenamawa 30% pacrsopa NacCl (3.4 points)

B.1 (1.2 pt)
Tabena 2

S No. S [ B 2. | .. 3. | .. 4.. | .. 5. ] .. 6.

3anpemuHa pacteopa, V (ml)

MpeyHunK gncka, d (cm)

B.2 (1.6 pt)
Fpaduk 1 LipTexk 2 (3ajeaHo ca NpeTXo4HNM AeNl0BUMA).

B.3 (0.2 pt)
Harn6 ca uprtexa 2 =
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B.4 (0.4 pt)
NHpekc npenamawa 30% NaCl pactBopa
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Oeo 3-A: OgpehuBare MHAEKCa NpenamMaka ravuepuHa (3.4 points)

C-1.1 (1.2 pt)
Tabena 3a:

S No.

3anpemuHa pacteopa, V (ml)

MpeyHunK gncka, d (cm)

C-1.2 (1.6 pt)
HaupTajte Ha Npaduky 1 UpTexx 3 (3ajegHo ca NpeTXo4HUM AeNnoBUMaA).

C-1.3 (0.2 pt)
Harun6 rpajuka 3 =
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C-1.4 (0.4 pt)
MHAGKC npenamMmamwa rmmuepuiHa =
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[Oeo 3B6: OaHoc nsmehy nHaeKca npenamata 1 KOHLEHTpaLuMje pacTBopa rnmuepuHa

C-2.1 (1.6 pt)
Ta6ena 3b:
S No. W | 2. | .. 3. | ... 4.
3anpemuHa, V (ml)
MpeyHwuk, d (cm)
KoHueHTpauwnja %
S=d/V (cm™2)
VHaekc npenamatra
C-2.2 (1.4 pt)
Mpadpuk 2.
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PauyyHawe KOHUeHTapuuje

PauyHakwe nHAeKca npesamama

N3mepunn cte nHaekce npenamarsa 30% pactsopa NaCl v ravuepuHa. Takohe cTe yTBpAWMAM OFHOC KOH-
LieHTpaLuuje u nHaeKca npenamara 3a pactTsope ruvLepuHa.

Ha ocHoBY BaluuX Mepera , 04rOBOPUTE HA HapeAHa NUTakwa:
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C-2.3 (0.2 pt)
N3abepnTe TauaH oaroBop u3s noHyheHMx onuuvja v ynuwinTe y npasaH
npocTop

NHAaeKkc npenaMarba MNLEPUHA. .....ccereerecriereneans
a. MosehaBa ce ca KOHLUEeHTpaLuujom

b. Cmambyje ce ca KOHLEeHTpaLujom

c. He Mera ce KOHUEHTpaLmjom

M3 Bawmx Mepera npeasuanTte 3a NaCl pactsop.

C-2.4 (0.2 pt)
N3abepnTe TayaH oarosop M3 NoHyheHmMx onuuja 1 ynuwunute y npasaH
npoctop

NHaeKc npenamMarba MUNLEPUHA. ...ccoeveeeereeeenene

a. Ovekyje ce aa ce noBehaBa ca KOHLEHTPaLNjOM
b. Ouekyje ce ga ce cmambyje ca KOHLEeHTpaLuujom
c. Ouekyje ce Aia ce He MeHa Ca KOHLIeHTPaLjoM
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Serbian (Serbia)

OppehmBatbe MHAEKCa npenamMmaba BUCOKO KOHLEHTpUca-
Hux pacteopa NaCl n rnnyepuHa nomohy ToTanHe pednek-
cunje (TP).

HanomeHa - He nuwunTe y leCHY KONIOHY

N3mepuTe co6Hy TemnepaTtypy (Y3MuUTe NoTNUC cynepemsopa Kajaa ynuiierte Temnepa-
Typy) (0.1 noeH)

A.0 (0.2 pt)
CobHa TemnepaTypa je

OapehuBamwe edpexTiBHE NOBPLUMHE NonpeyvHor npeceka (A) nocyae kopuwhewem ge-
cTunoBaHe Boe (3.4 noeHa)

A.1 (1.2 pt)
Tabena 1:

S No. S PO (S 2. | . C TP 4. | .. 5.1 .. 6.

3anpemuHa Boge, V (ml)

MpeuHunk ancka, d (cm)

A.2 (1.8 pt)
Mpadpuk 1.
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A.3 (0.2 pt)

Harun6 rpajuka (S = d/V)=

A.4 (0.4 pt)

EdexTmBHA noBpLUMHa nNpeceka nocyae (A) =
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Oeo 2: OppehuBame nHaekca npenamawa 30% pacrsopa NacCl (3.4 points)

B.1 (1.2 pt)
Tabena 2

S No. S [ B 2. | .. 3. | .. 4.. | .. 5. ] .. 6.

3anpemuiHa pacTteopa, V (ml)

MpeuHunk gncka, d (cm)

B.2 (1.6 pt)
Fpaduk 1 rpadpuk 2 (3ajegHo ca NpeTXoAHNM AeN0BUMA).

B.3 (0.2 pt)
Harn6 ca uprtexa 2 =
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B.4 (0.4 pt)
NHpekc npenamawa 30% NaCl pactBopa
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Oeo 3-A: OgpehuBare MHAEKCa NpenamMaka ravuepuHa (3.4 points)

C-1.1 (1.2 pt)
Tabena 3a:

S No.

3anpemuiHa pacteopa, V (ml)

MpeuHunk gncka, d (cm)

C-1.2 (1.6 pt)
HaupTajte Ha Npaduky 1 LipTex 3 (3ajegHo ca NpeTXo4HUM AeNnoBUMaA).

C-1.3 (0.2 pt)
Harun6 rpajuka 3 =
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C-1.4 (0.4 pt)
MHAGKC npenamMmamwa rmmuepuviHa =
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[Oeo 3B6: OaHoc nsmehy nHaeKca npenamata 1 KOHLEHTpaLuMje pacTBopa rnmuepuHa

C-2.1 (1.6 pt)
Ta6ena 3b:
S No. W | 2. | .. 3. | ... 4.
3anpemuHa, V (ml)
MpeyHwuk, d (cm)
KoHueHTpauwnja %
S=d/V (cm™2)
VHpekc npenamar-a
C-2.2 (1.4 pt)
Mpadpuk 2.
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Serbian (Serbia)

PauyyHawe KOHUeHTapuuje

PauyHakwe nHAeKca npenamMama

N3mepunn cte nHaekce npenamarsa 30% pactsopa NaCl v ravuepuHa. Takohe cTe yTBpAWMAM OFHOC KOH-
LieHTpaLuuje u nHaeKca npenamara 3a pactTsope ruvLepuHa.

Ha ocHoBY BaluuX Mepera , 04rOBOPUTE HA HapeAHa NUTakwa:
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C-2.3 (0.2 pt)
N3abepnTe TauaH oaroBop u3s noHyheHMx onuuvja v ynuwinTe y npasaH
npocTop

VNHaekc npefiaMara MNLEPUHA. .
a. MoeehaBa ce ca KOHUEeHTpaLVjom

b. Cmambyje ce ca KOHLUeHTpaLujom

€. He Mema ce KoHLEeHTpaumnjom

M3 Bawvx Mepera npeasugute 3a NaCl pacteop.

C-2.4 (0.2 pt)
MN3abepuTte TayaH ohroBop M3 NoHyheHMX onuuja n ynuwiute y npasaH
npocrop

NHaeKc npenamarba MNLEPUHA. ...c.evciienencienene.

a. Ouekyje ce aa ce nosehaBa ca KOHLIEHTPALNjOM
b. Ouekyje ce ga ce cmamyje ca KOHLeHTpaLujom
c. Oyekyje ce fja ce He MeHa Cca KOHLEeHTpaLmjom
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Determination of Refractive Index of Highly Concentrated So-
lutions of NaCl and Glycerin using Total Internal Reflection
(TIR) (14 points)

Please read the general instructions in the separate envelope before you start this experiment.

Dependence of Refractive Index of a Solution on Concentration

Introduction:

Basic Principle: When a beam of light is incident on a surface, reflection and refraction take place. When
the surface is uneven (rough), these phenomena result in scattering light in all directions. If the surface
is that of a transparent medium, then most of the light is transmitted (refracted) and a small portion of
it is reflected. If the surface is opaque and polished (like a metallic surface), all the light is reflected.

Inthis experiment, the green laser lightis shone normally into the water inside a container. The container
used has vertical walls. The laser beam first meets the smooth top water surface then it gets scattered
from the rough bottom surface of container while producing a bright green spot on the bottom surface.
This scattered light travels back into the water in all directions. This light again meets the top smooth
surface of water and undergoes reflection, refraction and another phenomenon called total internal
reflection (see Figure 1).

The scattered rays that reach the top surface of the water at an angle greater than the critical angle, get
totally internally reflected which results in a bright ring enclosing a dark region.

“——>»

(a) ;
(b) (d)
+——d —m—»

(a) Air (b) Liquid (c) Laser Pointer (d) Container with Liquid

Figure1: (Left) Arrangement to observe the phenomenon. (Right) The ray diagram.
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From the definition of refractive index and critical angle we have:

VS S O LV I S T (OE .
"= Sin (00) ~ g - d -

Where p is the refractive index (RI) of liquid, d is the diameter of the dark disc and h is the height/depth
of liquid. This formula can be applied to any transparent liquid medium.

From equation-(1)

(V)?

(@2 % (1) = (@2 +16 x {50

Where, A is the effective area of the horizontal cross-section of the container and V is the volume. h = %

The diameter (d) as a function of refractive index and area of the container (A) is

Using a liquid whose refractive index we know , we can calculate A. The effective area of the horizontal
cross-section of the container is given by

Ao 4 (4)

S x/u2—1

The present experiment is to determine the refractive indices of salt and Glycerin solutions at certain
high concentrations, using the refractive index of water (1.33).

Percent Concentration of Solutions:

Percent concentration volume per volume (V/V) is defined as the volume of solute in mlin 100 milliliters
of solution. Hence 50% solution of any solute is 50 ml of solute in 100 ml of solution).
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Aim:
1. Determination of refractive index of 30% NaCl solution and Glycerin.

2. Determine the dependence of RI on the concentration of Glycerin water solution.

Equipments: You are supplied with the following equipment for this experiment:

Sr. No. Item Specifications Quantity
01 Green LASER Pointer Wavelength-532 nm 1 no + 1 spare
02 Burette stand As shown in final assembly 1 no
03 Beaker 500 ml 3no
04 Syringe 50 ml 1no
05 Digital thermometer To measure Room Temp 1no
06 Glass stirrer For making solutions 1no
07 Container As shown 1no
08 Sodium Chloride (NaCl) Solution 30 % from AR grade salt 500 ml
09 Glycerin AR grade 500 ml
10 Distilled water Solution + washing 5000 ml
11 Tissue paper
12 Safety goggle Polaroid 1 no
13 Divider Screw adjustable 1no
14 Steel scale (ruler - optional) 0.5 mm Least Count 1no
15 Reading lens High quality 1 no
Warning :
/\ CAUTION

LASER N
3R

Avoid direct eye exposure and through reflections.

Avoid staring at the laser spot for too long, advise to turn off the laser when it's
not used for performing measurements
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The Experiment

Part-0 Measurement of the room temperature (0.2 points)

A.0 Measure the room temperature using the thermometer provided and record  (0.2pt)
your reading in the answer sheet.
(Get the supervisor's sign after taking this reading)

Steps for setting up the equipment.

Step-1: Making a cardboard box.
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Wear your safety googles all the time. If you are already wearing spectacles, wear the safety
googles above that. Do not look directly into the laser light.

Switch off the laser light when you are not taking the readings.
Glycerin should be kept covered when not in use.

Part 1. Calculation of effective area of cross section (A) of the container using distilled
water (3.6 points)

Step-2: Attaching the Green LASER Pointer on the burette stand.
The laser pointer should be vertical .

(a) Cardboard Holder (b) Fisher Clamp (c) Laser (d) Opaque Rectangular container(TIR
Container) (e) Stand Rod
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Step-3: Attaching the cardboard box on the burette stand.

(a) Cardboard Holder (f) Tape for support
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Procedure for Observation:
Apparatus set up:

Clamp the laser light in the burette stand in such a way that the switch is pressed by the middle grip
of the stand. (When it is to be switched off, simply rotate the laser around the vertical axis so that the
pressure on the switch is released. When it is to be switched on, rotate it back to the original position).

Make sure that the base of the stand on which the container is placed is horizontal.

Switch off the laser light when you are not taking reading.
Place the container below the light so that the laser beam falls on the bottom of the container.

(i) Add 50 ml of distilled water into the container. Switch on the laser, a bright ring with a dark disc
inside becomes immediately visible.

A1 (ii) Using the divider and ruler provided, measure the diameter of the dark  (1.2pt)
disc. Use the reading lens for better observation of the disc diameter. Record
your readings in the Table 1 of the answer sheet.
(iii) Repeat steps (i) and (ii) by adding water in steps of 50 ml to obtain six
readings.

A2 (iv) Plot a graph on the given graph sheet (Graph 1 - plot 1) with diameter of  (1.8pt)
the dark disc (d) on the vertical axis and the volume (V) of water on the horizontal
axis using the given graph page in the answer sheet.
Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)
while plotting use symbol
(.) dot = water
For marking the points on the graph

A3 (v) Calculate the slope from the graph (S = d/V) (0.2pt)

A.4 (vi) Calculate the effective area (A) of cross-section of the container from the  (0.4pt)
slope and equation (4)
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Part 2: Determination of Refractive index of 30% NacCl Solution (3.4 points)
You are supplied 500ml of 30% NacCl Solution.
(i) Clean the container dry it by dabbing it with tissue paper.

B.1

(i) Using the salt solution with fixed concentration, follow the steps (i) to (iii) of
Part 1. Enter your readings in Table 2 of your answer sheet.

(1.2pt)

B.2

(iii) Plot a graph on the same graph sheet in the answer sheet (Graph 1 - plot
2) overlapping graph plotted in Part 1) with diameter on the vertical axis and
volume on the horizontal axis. Label the points for distinction.

Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)

while plotting use symbol

(+) plus = NaCl solution

For marking the points on the graph

(1.6pt)

B.3

(iv) Calculate the slope from the graph

(0.2pt)

B.4

(v) Calculate the refractive index of 30% NaCl solution from the slope and the
value of A calculated in Part 1.

(0.4pt)
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Part 3-A: Determination of refractive index of Glycerin (3.4 points)
You are supplied with 500 ml of Glycerin.
(i) Clean the container and dry it by dabbing it with tissue paper.

C-1.1 (ii) Using the pure glycerin provided follow the steps (i) to (iii) of Part 1. Enter  (1.2pt)
your readings in Table 3a of your answer sheet.

C-1.2 (iii) Plot a graph on the same graph sheet in the answer sheet (Graph 1 - plot  (1.6pt)
3) overlapping graph plotted in Part 1 and 2) with diameter on the vertical axis
and volume on the horizontal axis. Label the points for distinction.
Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)
while plotting use symbol
(*) star = Glycerin
For marking the points on the graph

(iv) Do not disturb this solution at this point as it is required for part 3B of this experiment.

C-1.3 (v) Calculate the slope from the graph. (0.2pt)

C-1.4 (vi) Calculate the refractive index of glycerin from the slope calculated in  (0.4pt)
this part of experiment and the value of A already calculated in Part 1 of
this experiment.
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Part 3B: Relation between Refractive index and concentration of Glycerin solution. (3.4
points)

Glycerin is miscible with water in all proportions; however, it takes thorough stirring to obtain a homo-
geneous mixture. In this part you will be measuring the refractive index of different concentrations of
aqueous solutions of Glycerin.

(i) Using the syringe provided, remove 150 ml of Glycerin from the container, so the remaining amount
of glycerin is 150 ml in the container.

C-2.1 (ii)Measure d and enter values of volume and diameter in Table 3binthe answer  (1.6pt)
sheet.
(iii) Now add 50 ml of water to the container, stir the mixture gently and thor-
oughly to make
a homogeneous solution.
(iv) Calculate the new concentration of the solution.
(v) Measure the diameter of the ring and record values of volume, diameter and
concentration in Table 3b in the answer sheet.
(vi) Repeat steps (iii) to (v) for two more dilutions.

Calculate the values of S and Refractive Indices of the solutions and enter the values in the Table 3b in
the answer sheet.

C-2.2 (vii) Plot the values refractive index on the vertical axis against the concen- (1.4pt)
tration on the horizontal axis (graph -2) in the answer sheet.
Note : (0,1.33) will be an additional data point to be plotted on the graph.
(The total number of points to be plotted is 5)

At this stage you have measured the refractive indices of 30 % NaCl solution and glycerin. You have also
determined the relation between concentration and refractive index for glycerin solutions.

Answer the following questions in the answer sheet by choosing correct option:

C-2.3 How does the refractive index change with the concentration of glycerin  (0.2pt)
solutions?
a. Increases with concentration
b. Decreases with concentration
¢. Does not change with concentration

C-2.4 How would you expect the refractive index of NaCl solution to change with  (0.2pt)
concentration?
a. Expected to increase with concentration
b. Expected to decreases with concentration
c. Expected not to change with concentration
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OapehuBabe HAEKca npenamMartba BUCOKO KOHLEHTpuUca-
Hux pactBopa NaCl n ranuyepuHa nomohy ToTanHe pednex-
cunje (TP). (14 noeHa)

MpounTajTe onwTa ynyTCcTBa y NOCE6HOj KOBEPTU Mpe Hero LUTO 3arno4yHeTe 0Baj eKCnepuMeHT.

3aBUCHOCT MHAEKCa NpeniamMatba pacTBopa o KOHLeHTpaLumje

YBoa:

OCHOBHM NpUHUMN: KaZa CHOM CBET/I0CTM Maja Ha MoBpPLUMHY, A0/asn A0 oAbuvjarba (pednekcuje) n
npenamatba. Kaja je NoBpLUMHA HepaBHa (xpanaBsa), 0Be NnojaBe JOBOJE 0 pacunarba CBeT/0CTN Y CBUM
npaBLMMa. AKO je MOBpPLUMHA 04 NPOBUAHOT MaTepujana, Taga ce BehnHa cBeTNoCTM npenama (npeHo-
Y1), @ Manu Aeo ce o6mja. AKO je MOBpLUMHA HEMPO3MpPHa 1 yrnayaHa (Kao MeTasHa MoBpLUMHA), CBa
CBET/I0CT Ce 0A6uja.

Y 0BOM eKCrneprMeHTY, 3e/1eHO S1acepcko CBET/I0O HOPMAJIHO yflasn y Body yYHyTap nocyae. MNocyga nma
BepTUKanHe 3uaoB.e. Jlacepcku 3pak NpBO HaWAasm Ha rnaTky ropky NOBPLUMHY BoAe, a 3aTUM Ce pac-
npLuyje ca xpanaee AOHe MOBpPLUVHE nocyse cTBapajyhu cBeTN0 3eneHy Tauky Ha H0j. Tako pacejaHa
CBeTNOCT ce Bpaha y BoAy y cBMM npaBuuMa. OBa CBETNOCT A0/1a31 A0 rnatke NoBpLUMHe Boje rae Ao-
nasu o ogbunjama, NnpenamMama 1 joll jegHe nojaBe Koja ce Ha3vBa ToTanHa pednekcuja ( BUAU CANKY
1)

3paum (palwTpKaHu) Koju Aonase Ao ropke NnoBpLUMHe Boe nog yrnoM Behum oz KpUTUYHOT MOTMYHO
ce pedpnekTyjy LITO AOBOAM A0 CTBapakba TaMHOT AMCKa.

S,

(b) - (d)

“«———»

F
o
A4

(a) Bazgyx (6) TeuHocT (1) JTacepckn nokasmeau (4) nocysa ca Te4yHowhy

Cnuka 1 : ( sego ) Pacnopes KoMrnoHeHaTa 3a nocmatpawe nojase. ( JecHo ) Awjarpam
3paka.
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N3 pedurHMUMje nHAEKCA NpenamMarba U KPUTUYHOT yria Mamo:

VS S O LV I S T (OE .
"= Sin (00) ~ g - d -

Fae je p Haekc npenamarba (MM) TeuHoctn, d je npevyHUK TaMHOr Aucka, a h BucmHa/ayburiHa TeuHOCTW.
OBa popMysia ce Moxe NPUMEHNTI Ha BUJIO KOjy MPOBUAHY TEYHOCT.

W3 jegHaumnHe (1)

(V)?

(@2 % (1) = (@2 +16 x {75

Fae je A epekTVBHaA NOBPLUMHA XOPU3OHTANHOr Npeceka nocyge, a V 3anpeMunHa. h =

i<

MpeynHuk (d) y dyHKUMjU HAEKCa Npenamarba 1 noBpLUunHe nocyge (A) je

KopucTehun TeUHOCT Unju MHAEKC NpenamMakba 3HaMo, MoXeMo n3padyHat A. EdekTrBHa NoBpLUnHA
XOPW30HTaNHOr npeceka NocyAe je AaTa ca

A:$ —————————————— (4)
S x\/u2—1

OBaj ekcrieprMeHT ce KopuUcTK ogpefnrBare nHAeKCa npesaMara pacTBopa Coum 1 rMuLepuHa Ha oa-
pefeHM BUCOKMM KOHLIeHTpaLumjama, noMohy nHaekca npenamatsa soge (1.33).
MpoueHaT KOHLeHTpaLuje pacTBopa:

MpoueHaT KOHLeHTpauvje 3anpeMmuHe no 3anpemMuHu (V/V) je gedmHmcaH Kao 3anpeMmnHa pactsopeHe
cynctaHue y mly 100 mununutapa pacteopa. Jakne, 50% pactBopa 6uio koje pacTBopeHe cyncTaHLue
je 50 ml pactBopeHe cynctaHue y 100 ml pactBopa.
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1. OgpehuBame nHgekca npenamamwa 30% pacrsopa NaCl n rnuuepuHa.

2. OppeguT 3aBUCHOCT MHAEKCa Npenamatsa (M) oa KOHLEeHTpaLmje BogeHOr pacTBopa rnuvue-
puHa.

Onpema : 3a oBaj ekcnepuMeHT fobwnjaTte cnegehy onpemy:

P. 6p. CraBkKa Cneumndunkauynje KonnuunHa
01 3eneHw JTACEP lNounHTtep TanacHa gy>kKnHa-532 nm 1 KoM + 1 pe3epBa
02 Cranak, gp>xay Kao wTo je npmka3aHo y KOHayHOj NoCcTaBLM 1 KoM
03 Yawa 500 ml 3 KoM
04 Wnpwuy, 50 ml 1 KoM
05 AnrvtanHu Tepmomertap 3a Mepere cobHe Temnepatype 1 KoM
06 CrakneHa MeLwannua 3a npaB/beHe pacTBopa 1 KoM
07 nocyga Kao wro je npvkasaHo 1 KoM
08 PactBop HaTpujym xnopuga (NacCl). 30% co AHanap rpage (AR) kBanuTeta 500 ml
09 rnvuepuH AR kBanuTeTta 500 ml
10 JecTnnoBaHa BoAa PactBopu + npare 5000 ml
11 MNannpHe Mapamuue
12 3aWwTnTHe Haovape Monapowng 1 koM
13 LLlecTap Mpwunarogmsuns 1 KoM
14 YennyHm newsnp (neswunp - onymoHo) 0,5 mm Ta4yHOCT oUMTaBaHa 1 Kom
15 CoumnBo 3a UnTake Buncok kBanutet 1 KoM
Ynosopemre :

/\ CAUTION

LASER
3R

N36eraBajTe AUPEKTHO U3Narawe o4Unjy CBTENOCTU, Kao U Kpo3 pedneKkcumje.

N36eraBajTe npepyro rnepawe y slacepcky Tauky, caBeTyje ce Aa UCK/byuuTe na-

cep Kaga ra He KOpUCTUTe 3a Mepewe
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EkcnepymeHT

[eo-0 Mepewe cob6He TemnepaType (0,1 noeHa)

A.0 N3mepuTe cobHy TemnepaTtypy nomohy npuaoxeHor TepmomMeTpa 1 3abenexun-  (0.2pt)
Te je y INCTY 3a o4Arosope.
(Kaga ynuwerte Temnepartypy rno3osuTe Cyrnepsr3opa ja Bam ce noTnuiue)

Kopauu 3a noctaB/bate onpeme .

Kopak 1: MpaB/bewe KapTOHCKe KyTuje.
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Hocute 3aluTUTHe Haouapu cBe Bpeme. AKo Beh HocUTe Hao4vape, HOCUTe 3alUTUTHE Haovape
M3Haj bunX. He rnepajTe ANpPEKTHO Y 1acepcKo CBETNO.

Nck/byumnTe nacep Kaja He oumTaBarTe.

FMnuepuH mopa 6UTK 3aTBOPEH KaAa ce He KOPUCTU.

[eo 1. OppehumBame edpeKTUBHE MOBpLUMHE MNoOMNpeyvyHoOr npeceka (A) nocyae Kopwu-
whewem gecTnnoBaHe Boae (3,6 NnoeHa)

Kopak 2: NocTaB/matbe 3eneHor JIACEPckor nokasmeaya Ha nocTosbe
Nauepckun nokasmsay Mmopa 6UTU BepTMKanaH.

(a) KaptoHckmn pgpyxaud (b) Cresamka (c) Jlacep (d) HenpoBugHa npaBoyraoHa nocy-
pa (TP nocypa) (e) ap>kay
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Kopak 3: MpuuBpihuBawe KapTOHCKe KyTuje Ha nocTosbe 6upeTe.

(a) KapToHckun gpxxau (f) Tpaka 3a nomohHo yuBplihaBame
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Mpoueaypa:
MNocTtaBmwame anapaTtype:

Nacepcko cBeT/I0 NPUYBPCTUTE Y MOCTO/bE TAKO LUTO MPUTUCHE Cpefhy PyYky nocTtosba. (Kaga Tpeba
Aa Ce NCK/by4l, jeJHOCTaBHO POTMpPajTe Nacep OKO BEPTUKA/IHE OCe TaKo Ja ce 0cn0604M NPUTUCaK Ha
npekngady. Kaga Tpeba Aa ce yk/byun, OKPEHUTE ra Hasag y NpBo6UTHN MooXaj).

MpoBepuTe a N1 je NOCTO/bE Ha KOje je NoCTaB/beHa NoCysa XOPU3OHTAHO.

UckbyumnTe nacepcko CBeT/I0 Kaga He umTarTe.
CTaBUTe Nocyay MCMog CBeT/a Tako Aa acepcku 3pak naja Ha AHO nocyge.

(i) AopajTe 50 ml gecTnoBaHe BoAe y nocyay. Ykiby4nTe nacep, CBET/IN NPCTEH OKO TaMHOT AMCKOM
nocraje ogMax BUA/bUB.

A1 (ii) Kopnctehy npuno>keHU wectap N Newbnp, UsSMeprTe NpeyHnK TamHor  (1.2pt)
Ancka . KopuctuTe CoumnBO 3a UMTake 3a 60/be nocMaTpame NpeyHmnka ucka.
3anuwmnTe cBoja ouMTaBara y Tabeny 1 Ha 11CTy 3a o4rosope.

(iii) NoHoBUTE KOpake (i) n (ii) sosaBarbeM Boge y kopaumma o 50 ml ga 6ucte
A06MNU LLIeCT ounTaBakba .

A.2 (iv) HaupTtajte rpa¢uk Ha gaTtom nncty 3a rpadpuke (Ffpapuum 1 - rpadpuk  (1.8pt)
1) ca npeyHMKOM TamMHOr ancka (d) Ha BepTUKaNHOj OCK 1 3anpeMnHoMm (V)
BOJie Ha XOPU30OHTAaNHOj ocn KopucTehn gat AncT 3a rpadurke y nanvpmma 3a
oArosope.
HanomeHa: (0,0) je AoaaTHa Tauka Kojy Tpeba yupTaTi Ha rpadpuk
(YkynaH 6poj Ta4yaka 3a upTake je 7)
3a 03HaYaBake 0BUX Tayaka Ha rpapuKy KopucTuTe CMM6UN Tauka
(.) Tauka = 3a BOAY

A3 (v) UspauyHajTe Harmnb rpadpuka (S = d/V) (0.2pt)

A4 (vi) N3pauyHajTe epeKTUBHY NnoBpLUUHY (A) nonpeyHor npeceka nocyge n3  (0.4pt)
Harmnba v jeaHauvnHe (4)
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Jeo 2: OppehuBame nHaekca npenamawa 30% pacrsopa NacCl (3,4 noeHa)
Ao6unu cte 500 ml 30% pacteopa NacCl.

(i) OumcTmTe Nocyay 1 NoCyLUUTE je ManmpHOM MapaMuLIOM.

B.1 (i) Kopuctehun pactBop conum ca GMKCHOM KOHLIeHTpaumjoMm, npatute kopake (i)  (1.2pt)
4o (iii) n3 Aena 1. YHecuTe cBOja ounTaBara y Tabeny 2 Ha InCTy 3a OAroBope.

B.2 (iii) HaypTajTe rpadpmK Ha UCTOM NIUCTY Kao U npeTxoaHm (Tpaduum 1-rpa-  (1.6pt)
Pk 2), 3ajegHo ca rpadmKom HaLpTaHUM Y geny 1 ca IpeyYHKOM Ha BepTuKa-
HOj OCM 1 3aMPEMNHOM Ha XOPU30HTaNHOj ocn. O3HauunTe Tauke gpyradnje oj
NPeTXoAHVX Aa 61 ce pasnnkosane.
HanomeHa: (0,0) je AopaaTHa TauKa Kojy Tpeba yupTtaTn Ha rpadpumk
(YkynaH 6poj Tauaka 3a upTame je 7)
3a o3HavyaBake 0BUX Tayaka Ha rpapuky Kopuctute cmméon nnayc
(+) nnyc 3a pactBop NacCl

B.3 (iv) UspauyHajTe Haru6 ns rpadpuka (0.2pt)

B.4 (v) UspauyHajte nHaekc npenamama 30% pacrsopa NaCl ns Harmba v Bpeg-  (0.4pt)
HocT A nspauyHatey 1. aeny .
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[eo 3-A: OgpehuBare MHAEKCa NpenamMmara rnvuepuHa (3,4 noeHa)
Ao6unu cte 500 ml rnuuepuHa.

(i) OumcTmTe Nocyay 1 NoCyLUUTE je ManmpHOM MapaMuLIOM.

C-1.1 (ii) Kopmwherem NpmnaoXeHoOr YNCTOT rVLeprHa cneauTe Kopake (i) go (iii)  (1.2pt)
npBor gena. YHecuTe CBOja ouMTaBaka y Tabeny 3a nvicTa 3a o4roeope.

C-1.2 (iii) HaypTajTe rpadpmkK Ha MCTOM NIUCTY Kao U npeTxogHe (Fpapuum 1-rpa- (1.6pt)
¢uk 3), 3ajegHo ca rpaduuMMa HaLPTaHUM y genoBuMa 1 1 2 ca NPevYHNKOM
Ha BepPTUKaIHOj OCU 1 3aMPeMNHOM Ha XOPU30HTasIHOj ocn. O3HaunTe Tadke
Apyraymvje of NpeTxoAHVX Aa 61 ce pasnnkosane.
HanomeHa: (0,0) je AoaaTHa TauKa Kojy Tpeba yupTaTi Ha rpa¢pUKoH
(YkynaH 6poj Tauaka 3a upTame je 7)
3a o3HauyaBake 0BUX Tayaka Ha rpapuKy KopucTtnte cmmbon 3Bespa
(*) 3Be3aa 3a rnvuepuH

(iv) He anpajte oBaj pacTtBop jep Bam je noTpebaH 3a aeo 3b oBor ekcnepmmeHTa.

C-1.3 (v) UspauyHajTe Harmn6 rpaduka. (0.2pt)

C-1.4 (vi) UspauyHajTe nHAEKC NnpenamMmata rnvuepuHa ns Haruba goé6ujeHory  (0.4pt)
OBOM fie/ly eKCcrepMeHTa U BpeHOCTU A nspadyHaTe y aeny 1 oBor ekc-
nepvmMeHTa.
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Oeo 3b: OaHoC n3mehy nHaeKkca npesamMmarwa M KOHLUEHTpaLuuje pacTBopa ravuepuHa.
(3,4 noeHa)

FMVLEPUH ce MeLla ca BOZOM Y CBUM pa3mepama; MehyTnm, noTpebHo je 206po Meluake fa 6u ce fo-
6vna xoMoreHa cmella. Y oBoM geny hete MepUTU MHAEKC Npesiamaka pasnymMTuX KoOHUeHTpaumja
BOZAEHMX pacTBopa ruuepuHa.

(i) Kopucrehu npunoxeHu wnpw, yknoHuTe 150 ml ravuepuriHa n3 nocyae, Tako Aay nocyam octaHe 150
ml ranuepuHa.

C-2.1 (ii) UamepuTe d 1 yHecnTe BpefHOCTM 3aNpeMumHe 1 nNpeYvHnka y Tabeny 36 an-  (1.6pt)
CTOBa 3a Ofrosope.
(iii) Capa poaajte 50 ml Boge y nocyay, naraHo 1 TemMes/bHO NpoMeLlajTe cMmeLly
Aa ce fobuvje xoMOreH pacTsop.
(iv) U3payyHajTe HOBY KOHLEeHTpaLujy pacTBopa.
(v) amepuTe NpeyHuK ancka 1 3abenexuvre BpegHOCTU 3anpemMmHe, NpeyHmnka
W KOHLUEeHTpauuja y Tabeny 36 y I1CTy 3a OAroBope.
(vi) MoHoBWUTe KOopake (iii) 4o (v) 3a jow ABa pa3bnaxkekrsa.

M3pauyHajTe BpegHOCTU S 1 MHAEKCA Npefiamarba pacTBopa W yHecuTe BpeAHoCTW y Tabeny 36 y ncTy
3a OAroBope.

C-2.2 (vii) HaupTajTe y nncrosuma 3a ogrosope Npadpuk 2 ca BpegHocTUMa UH-  (1.4pt)
AeKca npenamMmarba Ha BEpTUKa/IHOj U KOHLLeHTPaLMjoM Ha XOPU3OHTAa/THOj
ocu.
HanomeHa: (0, 1.33) Tpe6a yupTaTti Ha rpadpuk Kao gofaTHy TauKy
(YkynaH 6poj Tauaka 3a upTakme je 5)

N3mepunn cte nHgekce npenamarsa 30% pacteopa NaCl n ranuepuiHa. Takohe cTe yTBpAWAN OAHOC KOH-
LieHTpauuje v HaeKkca npenamara 3a pacTBope ruvLepuHa.

OparoeopuTe Ha ceaeha NUTawa y NCTY 3a ogroBope Tako WTo heTe nsa6paTm TauHy onuujy:

C-2.3 Kako ce HAeKC npenamara MeHa ca KOHUEeHTpauunjom pacteopa ravue- (0.2pt)
puHa?
a. NMosehaga ce ca KOHUEeHTpaLujom
6. CMambyje ce ca KOHLUEeHTpaLunjom
U. He mema ce ca KOHUEHTpaLunjom

C-2.4 Kako 6ucte ouekuBanu ga ce HAeKC npenamara pacteopa NaClmewaca (0.2pt)
KOHLleHTpauujom?
a. Ovekyje ce ga ce noeehasa ca KOHLEHTpPaLMjoM
6. O4ekyje ce ga ce cMarbyje ca KOHLEeHTpauujom
u. Ouekyje ce fa ce He MeHba Ca KOHLEeHTpaunjomM
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Determination of Refractive Index of Highly Concentrated So-
lutions of NaCl and Glycerin using Total Internal Reflection
(TIR) (14 points)

Please read the general instructions in the separate envelope before you start this experiment.

Dependence of Refractive Index of a Solution on Concentration

Introduction:

Basic Principle: When a beam of light is incident on a surface, reflection and refraction take place. When
the surface is uneven (rough), these phenomena result in scattering light in all directions. If the surface
is that of a transparent medium, then most of the light is transmitted (refracted) and a small portion of
it is reflected. If the surface is opaque and polished (like a metallic surface), all the light is reflected.

Inthis experiment, the green laser lightis shone normally into the water inside a container. The container
used has vertical walls. The laser beam first meets the smooth top water surface then it gets scattered
from the rough bottom surface of container while producing a bright green spot on the bottom surface.
This scattered light travels back into the water in all directions. This light again meets the top smooth
surface of water and undergoes reflection, refraction and another phenomenon called total internal
reflection (see Figure 1).

The scattered rays that reach the top surface of the water at an angle greater than the critical angle, get
totally internally reflected which results in a bright ring enclosing a dark region.

“——>»

(a) ;
(b) (d)
+——d —m—»

(a) Air (b) Liquid (c) Laser Pointer (d) Container with Liquid

Figure1: (Left) Arrangement to observe the phenomenon. (Right) The ray diagram.
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From the definition of refractive index and critical angle we have:

VS S O LV I S T (OE .
"= Sin (00) ~ g - d -

Where p is the refractive index (RI) of liquid, d is the diameter of the dark disc and h is the height/depth
of liquid. This formula can be applied to any transparent liquid medium.

From equation-(1)

(V)?

(@2 % (1) = (@2 +16 x {50

Where, A is the effective area of the horizontal cross-section of the container and V is the volume. h = %

The diameter (d) as a function of refractive index and area of the container (A) is

Using a liquid whose refractive index we know , we can calculate A. The effective area of the horizontal
cross-section of the container is given by

Ao 4 (4)

S x/u2—1

The present experiment is to determine the refractive indices of salt and Glycerin solutions at certain
high concentrations, using the refractive index of water (1.33).

Percent Concentration of Solutions:

Percent concentration volume per volume (V/V) is defined as the volume of solute in mlin 100 milliliters
of solution. Hence 50% solution of any solute is 50 ml of solute in 100 ml of solution).
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Aim:
1. Determination of refractive index of 30% NaCl solution and Glycerin.

2. Determine the dependence of RI on the concentration of Glycerin water solution.

Equipments: You are supplied with the following equipment for this experiment:

Sr. No. Item Specifications Quantity
01 Green LASER Pointer Wavelength-532 nm 1 no + 1 spare
02 Burette stand As shown in final assembly 1 no
03 Beaker 500 ml 3no
04 Syringe 50 ml 1no
05 Digital thermometer To measure Room Temp 1no
06 Glass stirrer For making solutions 1no
07 Container As shown 1no
08 Sodium Chloride (NaCl) Solution 30 % from AR grade salt 500 ml
09 Glycerin AR grade 500 ml
10 Distilled water Solution + washing 5000 ml
11 Tissue paper
12 Safety goggle Polaroid 1 no
13 Divider Screw adjustable 1no
14 Steel scale (ruler - optional) 0.5 mm Least Count 1no
15 Reading lens High quality 1 no
Warning :
/\ CAUTION

LASER N
3R

Avoid direct eye exposure and through reflections.

Avoid staring at the laser spot for too long, advise to turn off the laser when it's
not used for performing measurements
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The Experiment

Part-0 Measurement of the room temperature (0.2 points)

A.0 Measure the room temperature using the thermometer provided and record  (0.2pt)
your reading in the answer sheet.
(Get the supervisor's sign after taking this reading)

Steps for setting up the equipment.

Step-1: Making a cardboard box.
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Wear your safety googles all the time. If you are already wearing spectacles, wear the safety
googles above that. Do not look directly into the laser light.

Switch off the laser light when you are not taking the readings.
Glycerin should be kept covered when not in use.

Part 1. Calculation of effective area of cross section (A) of the container using distilled
water (3.6 points)

Step-2: Attaching the Green LASER Pointer on the burette stand.
The laser pointer should be vertical .

(a) Cardboard Holder (b) Fisher Clamp (c) Laser (d) Opaque Rectangular container(TIR
Container) (e) Stand Rod



Experiment

1JSQ -

e al] Gt Bl Sl polall slesalsl
18th International Junior Science Olympiad S R B = S = 04 E = 1 Q - 6
Dubol, UAE il upel el gua

English (Official)

Step-3: Attaching the cardboard box on the burette stand.

(a) Cardboard Holder (f) Tape for support
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Procedure for Observation:
Apparatus set up:

Clamp the laser light in the burette stand in such a way that the switch is pressed by the middle grip
of the stand. (When it is to be switched off, simply rotate the laser around the vertical axis so that the
pressure on the switch is released. When it is to be switched on, rotate it back to the original position).

Make sure that the base of the stand on which the container is placed is horizontal.

Switch off the laser light when you are not taking reading.
Place the container below the light so that the laser beam falls on the bottom of the container.

(i) Add 50 ml of distilled water into the container. Switch on the laser, a bright ring with a dark disc
inside becomes immediately visible.

A1 (ii) Using the divider and ruler provided, measure the diameter of the dark  (1.2pt)
disc. Use the reading lens for better observation of the disc diameter. Record
your readings in the Table 1 of the answer sheet.
(iii) Repeat steps (i) and (ii) by adding water in steps of 50 ml to obtain six
readings.

A2 (iv) Plot a graph on the given graph sheet (Graph 1 - plot 1) with diameter of  (1.8pt)
the dark disc (d) on the vertical axis and the volume (V) of water on the horizontal
axis using the given graph page in the answer sheet.
Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)
while plotting use symbol
(.) dot = water
For marking the points on the graph

A3 (v) Calculate the slope from the graph (S = d/V) (0.2pt)

A.4 (vi) Calculate the effective area (A) of cross-section of the container from the  (0.4pt)
slope and equation (4)
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Part 2: Determination of Refractive index of 30% NacCl Solution (3.4 points)
You are supplied 500ml of 30% NacCl Solution.
(i) Clean the container dry it by dabbing it with tissue paper.

B.1

(i) Using the salt solution with fixed concentration, follow the steps (i) to (iii) of
Part 1. Enter your readings in Table 2 of your answer sheet.

(1.2pt)

B.2

(iii) Plot a graph on the same graph sheet in the answer sheet (Graph 1 - plot
2) overlapping graph plotted in Part 1) with diameter on the vertical axis and
volume on the horizontal axis. Label the points for distinction.

Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)

while plotting use symbol

(+) plus = NaCl solution

For marking the points on the graph

(1.6pt)

B.3

(iv) Calculate the slope from the graph

(0.2pt)

B.4

(v) Calculate the refractive index of 30% NaCl solution from the slope and the
value of A calculated in Part 1.

(0.4pt)
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Part 3-A: Determination of refractive index of Glycerin (3.4 points)
You are supplied with 500 ml of Glycerin.
(i) Clean the container and dry it by dabbing it with tissue paper.

C-1.1 (ii) Using the pure glycerin provided follow the steps (i) to (iii) of Part 1. Enter  (1.2pt)
your readings in Table 3a of your answer sheet.

C-1.2 (iii) Plot a graph on the same graph sheet in the answer sheet (Graph 1 - plot  (1.6pt)
3) overlapping graph plotted in Part 1 and 2) with diameter on the vertical axis
and volume on the horizontal axis. Label the points for distinction.
Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)
while plotting use symbol
(*) star = Glycerin
For marking the points on the graph

(iv) Do not disturb this solution at this point as it is required for part 3B of this experiment.

C-1.3 (v) Calculate the slope from the graph. (0.2pt)

C-1.4 (vi) Calculate the refractive index of glycerin from the slope calculated in  (0.4pt)
this part of experiment and the value of A already calculated in Part 1 of
this experiment.
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Part 3B: Relation between Refractive index and concentration of Glycerin solution. (3.4
points)

Glycerin is miscible with water in all proportions; however, it takes thorough stirring to obtain a homo-
geneous mixture. In this part you will be measuring the refractive index of different concentrations of
aqueous solutions of Glycerin.

(i) Using the syringe provided, remove 150 ml of Glycerin from the container, so the remaining amount
of glycerin is 150 ml in the container.

C-2.1 (ii)Measure d and enter values of volume and diameter in Table 3binthe answer  (1.6pt)
sheet.
(iii) Now add 50 ml of water to the container, stir the mixture gently and thor-
oughly to make
a homogeneous solution.
(iv) Calculate the new concentration of the solution.
(v) Measure the diameter of the ring and record values of volume, diameter and
concentration in Table 3b in the answer sheet.
(vi) Repeat steps (iii) to (v) for two more dilutions.

Calculate the values of S and Refractive Indices of the solutions and enter the values in the Table 3b in
the answer sheet.

C-2.2 (vii) Plot the values refractive index on the vertical axis against the concen- (1.4pt)
tration on the horizontal axis (graph -2) in the answer sheet.
Note : (0,1.33) will be an additional data point to be plotted on the graph.
(The total number of points to be plotted is 5)

At this stage you have measured the refractive indices of 30 % NaCl solution and glycerin. You have also
determined the relation between concentration and refractive index for glycerin solutions.

Answer the following questions in the answer sheet by choosing correct option:

C-2.3 How does the refractive index change with the concentration of glycerin  (0.2pt)
solutions?
a. Increases with concentration
b. Decreases with concentration
¢. Does not change with concentration

C-2.4 How would you expect the refractive index of NaCl solution to change with  (0.2pt)
concentration?
a. Expected to increase with concentration
b. Expected to decreases with concentration
c. Expected not to change with concentration
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OapehuBabe HAEKca npenamMartba BUCOKO KOHLEHTpuUca-
Hux pactBopa NaCl n ranuyepuHa nomohy ToTanHe pednex-
cunje (TP). (14 noeHa)

MpounTajTe onwTa ynyTCcTBa y NOCE6HOj KOBEPTU Mpe Hero LUTO 3arno4yHeTe 0Baj eKCnepuMeHT.

3aBUCHOCT MHAEKCa NpeniamMatba pacTBopa o KOHLeHTpaLumje

YBoa:

OCHOBHM NpUHUMN: KaZa CHOM CBET/I0CTM Maja Ha MoBpPLUMHY, A0/asn A0 oAbuvjarba (pednekcuje) n
npenamatba. Kaja je NoBpLUMHA HepaBHa (xpanaBsa), 0Be NnojaBe JOBOJE 0 pacunarba CBeT/0CTN Y CBUM
npaBLMMa. AKO je MOBpPLUMHA 04 NPOBUAHOT MaTepujana, Taga ce BehnHa cBeTNoCTM npenama (npeHo-
Y1), @ Manu Aeo ce o6mja. AKO je MOBpLUMHA HEMPO3MpPHa 1 yrnayaHa (Kao MeTasHa MoBpLUMHA), CBa
CBET/I0CT Ce 0A6uja.

Y 0BOM eKCrneprMeHTY, 3e/1eHO S1acepcko CBET/I0O HOPMAJIHO yflasn y Body yYHyTap nocyae. MNocyga nma
BepTUKanHe 3uaoB.e. Jlacepcku 3pak NpBO HaWAasm Ha rnaTky ropky NOBPLUMHY BoAe, a 3aTUM Ce pac-
npLuyje ca xpanaee AOHe MOBpPLUVHE nocyse cTBapajyhu cBeTN0 3eneHy Tauky Ha H0j. Tako pacejaHa
CBeTNOCT ce Bpaha y BoAy y cBMM npaBuuMa. OBa CBETNOCT A0/1a31 A0 rnatke NoBpLUMHe Boje rae Ao-
nasu o ogbunjama, NnpenamMama 1 joll jegHe nojaBe Koja ce Ha3vBa ToTanHa pednekcuja ( BUAU CANKY
1)

3paum (palwTpKaHu) Koju Aonase Ao ropke NnoBpLUMHe Boe nog yrnoM Behum oz KpUTUYHOT MOTMYHO
ce pedpnekTyjy LITO AOBOAM A0 CTBapakba TaMHOT AMCKa.

S,

(b) - (d)

“«———»

F
o
A4

(a) Bazgyx (6) TeuHocT (1) JTacepckn nokasmeau (4) nocysa ca Te4yHowhy

Cnuka 1 : ( sego ) Pacnopes KoMrnoHeHaTa 3a nocmatpawe nojase. ( JecHo ) Awjarpam
3paka.
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N3 pedurHMUMje nHAEKCA NpenamMarba U KPUTUYHOT yria Mamo:

VS S O LV I S T (OE .
"= Sin (00) ~ g - d -

Fae je p Haekc npenamarba (MM) TeuHoctn, d je npevyHUK TaMHOr Aucka, a h BucmHa/ayburiHa TeuHOCTW.
OBa popMysia ce Moxe NPUMEHNTI Ha BUJIO KOjy MPOBUAHY TEYHOCT.

W3 jegHaumnHe (1)

(V)?

(@2 % (1) = (@2 +16 x {75

Fae je A epekTVBHaA NOBPLUMHA XOPU3OHTANHOr Npeceka nocyge, a V 3anpeMunHa. h =

i<

MpeynHuk (d) y dyHKUMjU HAEKCa Npenamarba 1 noBpLUunHe nocyge (A) je

KopucTehun TeUHOCT Unju MHAEKC NpenamMakba 3HaMo, MoXeMo n3padyHat A. EdekTrBHa NoBpLUnHA
XOPW30HTaNHOr npeceka NocyAe je AaTa ca

A:$ —————————————— (4)
S x\/u2—1

OBaj ekcrieprMeHT ce KopuUcTK ogpefnrBare nHAeKCa npesaMara pacTBopa Coum 1 rMuLepuHa Ha oa-
pefeHM BUCOKMM KOHLIeHTpaLumjama, noMohy nHaekca npenamatsa soge (1.33).
MpoueHaT KOHLeHTpaLuje pacTBopa:

MpoueHaT KOHLeHTpauvje 3anpeMmuHe no 3anpemMuHu (V/V) je gedmHmcaH Kao 3anpeMmnHa pactsopeHe
cynctaHue y mly 100 mununutapa pacteopa. Jakne, 50% pactBopa 6uio koje pacTBopeHe cyncTaHLue
je 50 ml pactBopeHe cynctaHue y 100 ml pactBopa.
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1. OgpehuBame nHgekca npenamamwa 30% pacrsopa NaCl n rnuuepuHa.

2. OppeguT 3aBUCHOCT MHAEKCa Npenamatsa (M) oa KOHLEeHTpaLmje BogeHOr pacTBopa rnuvue-
puHa.

Onpema : 3a oBaj ekcnepuMeHT fobwnjaTte cnegehy onpemy:

P. 6p. CraBkKa Cneumndunkauynje KonnuunHa
01 3eneHw JTACEP lNounHTtep TanacHa gy>kKnHa-532 nm 1 KoM + 1 pe3epBa
02 Cranak, gp>xay Kao wTo je npmka3aHo y KOHayHOj NoCcTaBLM 1 KoM
03 Yawa 500 ml 3 KoM
04 Wnpwuy, 50 ml 1 KoM
05 AnrvtanHu Tepmomertap 3a Mepere cobHe Temnepatype 1 KoM
06 CrakneHa MeLwannua 3a npaB/beHe pacTBopa 1 KoM
07 nocyga Kao wro je npvkasaHo 1 KoM
08 PactBop HaTpujym xnopuga (NacCl). 30% co AHanap rpage (AR) kBanuTeta 500 ml
09 rnvuepuH AR kBanuTeTta 500 ml
10 JecTnnoBaHa BoAa PactBopu + npare 5000 ml
11 MNannpHe Mapamuue
12 3aWwTnTHe Haovape Monapowng 1 koM
13 LLlecTap Mpwunarogmsuns 1 KoM
14 YennyHm newsnp (neswunp - onymoHo) 0,5 mm Ta4yHOCT oUMTaBaHa 1 Kom
15 CoumnBo 3a UnTake Buncok kBanutet 1 KoM
Ynosopemre :

/\ CAUTION

LASER
3R

N36eraBajTe AUPEKTHO U3Narawe o4Unjy CBTENOCTU, Kao U Kpo3 pedneKkcumje.

N36eraBajTe npepyro rnepawe y slacepcky Tauky, caBeTyje ce Aa UCK/byuuTe na-

cep Kaga ra He KOpUCTUTe 3a Mepewe
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EkcnepymeHT

[eo-0 Mepewe cob6He TemnepaType (0,1 noeHa)

A.0 N3mepuTe cobHy TemnepaTtypy nomohy npuaoxeHor TepmomMeTpa 1 3abenexun-  (0.2pt)
Te je y INCTY 3a o4Arosope.
(Kaga ynuwerte Temnepartypy rno3osuTe Cyrnepsr3opa ja Bam ce noTnuiue)

Kopauu 3a noctaB/bate onpeme .

Kopak 1: MpaB/bewe KapTOHCKe KyTuje.
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Hocute 3aluTUTHe Haouapu cBe Bpeme. AKo Beh HocUTe Hao4vape, HOCUTe 3alUTUTHE Haovape
M3Haj bunX. He rnepajTe ANpPEKTHO Y 1acepcKo CBETNO.

Nck/byumnTe nacep Kaja He oumTaBarTe.

FMnuepuH mopa 6UTK 3aTBOPEH KaAa ce He KOPUCTU.

[eo 1. OppehumBame edpeKTUBHE MOBpLUMHE MNoOMNpeyvyHoOr npeceka (A) nocyae Kopwu-
whewem gecTnnoBaHe Boae (3,6 NnoeHa)

Kopak 2: NocTaB/matbe 3eneHor JIACEPckor nokasmeaya Ha nocTosbe
Nauepckun nokasmsay Mmopa 6UTU BepTMKanaH.

(a) KaptoHckmn pgpyxaud (b) Cresamka (c) Jlacep (d) HenpoBugHa npaBoyraoHa nocy-
pa (TP nocypa) (e) ap>kay
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Kopak 3: MpuuBpihuBawe KapTOHCKe KyTuje Ha nocTosbe 6upeTe.

(a) KapToHckun gpxxau (f) Tpaka 3a nomohHo yuBplihaBame
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Mpoueaypa:
MNocTtaBmwame anapaTtype:

Nacepcko cBeT/I0 NPUYBPCTUTE Y MOCTO/bE TAKO LUTO MPUTUCHE Cpefhy PyYky nocTtosba. (Kaga Tpeba
Aa Ce NCK/by4l, jeJHOCTaBHO POTMpPajTe Nacep OKO BEPTUKA/IHE OCe TaKo Ja ce 0cn0604M NPUTUCaK Ha
npekngady. Kaga Tpeba Aa ce yk/byun, OKPEHUTE ra Hasag y NpBo6UTHN MooXaj).

MpoBepuTe a N1 je NOCTO/bE Ha KOje je NoCTaB/beHa NoCysa XOPU3OHTAHO.

UckbyumnTe nacepcko CBeT/I0 Kaga He umTarTe.
CTaBUTe Nocyay MCMog CBeT/a Tako Aa acepcku 3pak naja Ha AHO nocyge.

(i) AopajTe 50 ml gecTnoBaHe BoAe y nocyay. Ykiby4nTe nacep, CBET/IN NPCTEH OKO TaMHOT AMCKOM
nocraje ogMax BUA/bUB.

A1 (ii) Kopnctehy npuno>keHU wectap N Newbnp, UsSMeprTe NpeyHnK TamHor  (1.2pt)
Ancka . KopuctuTe CoumnBO 3a UMTake 3a 60/be nocMaTpame NpeyHmnka ucka.
3anuwmnTe cBoja ouMTaBara y Tabeny 1 Ha 11CTy 3a o4rosope.

(iii) NoHoBUTE KOpake (i) n (ii) sosaBarbeM Boge y kopaumma o 50 ml ga 6ucte
A06MNU LLIeCT ounTaBakba .

A.2 (iv) HaupTtajte rpa¢uk Ha gaTtom nncty 3a rpadpuke (Ffpapuum 1 - rpadpuk  (1.8pt)
1) ca npeyHMKOM TamMHOr ancka (d) Ha BepTUKaNHOj OCK 1 3anpeMnHoMm (V)
BOJie Ha XOPU30OHTAaNHOj ocn KopucTehn gat AncT 3a rpadurke y nanvpmma 3a
oArosope.
HanomeHa: (0,0) je AoaaTHa Tauka Kojy Tpeba yupTaTi Ha rpadpuk
(YkynaH 6poj Ta4yaka 3a upTake je 7)
3a 03HaYaBake 0BUX Tayaka Ha rpapuKy KopucTuTe CMM6UN Tauka
(.) Tauka = 3a BOAY

A3 (v) UspauyHajTe Harmnb rpadpuka (S = d/V) (0.2pt)

A4 (vi) N3pauyHajTe epeKTUBHY NnoBpLUUHY (A) nonpeyHor npeceka nocyge n3  (0.4pt)
Harmnba v jeaHauvnHe (4)
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Jeo 2: OppehuBame nHaekca npenamawa 30% pacrsopa NacCl (3,4 noeHa)
Ao6unu cte 500 ml 30% pacteopa NacCl.

(i) OumcTmTe Nocyay 1 NoCyLUUTE je ManmpHOM MapaMuLIOM.

B.1 (i) Kopuctehun pactBop conum ca GMKCHOM KOHLIeHTpaumjoMm, npatute kopake (i)  (1.2pt)
4o (iii) n3 Aena 1. YHecuTe cBOja ounTaBara y Tabeny 2 Ha InCTy 3a OAroBope.

B.2 (iii) HaypTajTe rpadpmK Ha UCTOM NIUCTY Kao U npeTxoaHm (Tpaduum 1-rpa-  (1.6pt)
Pk 2), 3ajegHo ca rpadmKom HaLpTaHUM Y geny 1 ca IpeyYHKOM Ha BepTuKa-
HOj OCM 1 3aMPEMNHOM Ha XOPU30HTaNHOj ocn. O3HauunTe Tauke gpyradnje oj
NPeTXoAHVX Aa 61 ce pasnnkosane.
HanomeHa: (0,0) je AopaaTHa TauKa Kojy Tpeba yupTtaTn Ha rpadpumk
(YkynaH 6poj Tauaka 3a upTame je 7)
3a o3HavyaBake 0BUX Tayaka Ha rpapuky Kopuctute cmméon nnayc
(+) nnyc 3a pactBop NacCl

B.3 (iv) UspauyHajTe Haru6 ns rpadpuka (0.2pt)

B.4 (v) UspauyHajte nHaekc npenamama 30% pacrsopa NaCl ns Harmba v Bpeg-  (0.4pt)
HocT A nspauyHatey 1. aeny .
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[eo 3-A: OgpehuBare MHAEKCa NpenamMmara rnvuepuHa (3,4 noeHa)
Ao6unu cte 500 ml rnuuepuHa.

(i) OumcTmTe Nocyay 1 NoCyLUUTE je ManmpHOM MapaMuLIOM.

C-1.1 (ii) Kopmwherem NpmnaoXeHoOr YNCTOT rVLeprHa cneauTe Kopake (i) go (iii)  (1.2pt)
npBor gena. YHecuTe CBOja ouMTaBaka y Tabeny 3a nvicTa 3a o4roeope.

C-1.2 (iii) HaypTajTe rpadpmkK Ha MCTOM NIUCTY Kao U npeTxogHe (Fpapuum 1-rpa- (1.6pt)
¢uk 3), 3ajegHo ca rpaduuMMa HaLPTaHUM y genoBuMa 1 1 2 ca NPevYHNKOM
Ha BepPTUKaIHOj OCU 1 3aMPeMNHOM Ha XOPU30HTasIHOj ocn. O3HaunTe Tadke
Apyraymvje of NpeTxoAHVX Aa 61 ce pasnnkosane.
HanomeHa: (0,0) je AoaaTHa TauKa Kojy Tpeba yupTaTi Ha rpa¢pUKoH
(YkynaH 6poj Tauaka 3a upTame je 7)
3a o3HauyaBake 0BUX Tayaka Ha rpapuKy KopucTtnte cmmbon 3Bespa
(*) 3Be3aa 3a rnvuepuH

(iv) He anpajte oBaj pacTtBop jep Bam je noTpebaH 3a aeo 3b oBor ekcnepmmeHTa.

C-1.3 (v) UspauyHajTe Harmn6 rpaduka. (0.2pt)

C-1.4 (vi) UspauyHajTe nHAEKC NnpenamMmata rnvuepuHa ns Haruba goé6ujeHory  (0.4pt)
OBOM fie/ly eKCcrepMeHTa U BpeHOCTU A nspadyHaTe y aeny 1 oBor ekc-
nepvmMeHTa.
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Oeo 3b: OaHoC n3mehy nHaeKkca npesamMmarwa M KOHLUEHTpaLuuje pacTBopa ravuepuHa.
(3,4 noeHa)

FMVLEPUH ce MeLla ca BOZOM Y CBUM pa3mepama; MehyTnm, noTpebHo je 206po Meluake fa 6u ce fo-
6vna xoMoreHa cmella. Y oBoM geny hete MepUTU MHAEKC Npesiamaka pasnymMTuX KoOHUeHTpaumja
BOZAEHMX pacTBopa ruuepuHa.

(i) Kopucrehu npunoxeHu wnpw, yknoHuTe 150 ml ravuepuriHa n3 nocyae, Tako Aay nocyam octaHe 150
ml ranuepuHa.

C-2.1 (ii) UamepuTe d 1 yHecnTe BpefHOCTM 3aNpeMumHe 1 nNpeYvHnka y Tabeny 36 an-  (1.6pt)
CTOBa 3a Ofrosope.
(iii) Capa poaajte 50 ml Boge y nocyay, naraHo 1 TemMes/bHO NpoMeLlajTe cMmeLly
Aa ce fobuvje xoMOreH pacTsop.
(iv) U3payyHajTe HOBY KOHLEeHTpaLujy pacTBopa.
(v) amepuTe NpeyHuK ancka 1 3abenexuvre BpegHOCTU 3anpemMmHe, NpeyHmnka
W KOHLUEeHTpauuja y Tabeny 36 y I1CTy 3a OAroBope.
(vi) MoHoBWUTe KOopake (iii) 4o (v) 3a jow ABa pa3bnaxkekrsa.

M3pauyHajTe BpegHOCTU S 1 MHAEKCA Npefiamarba pacTBopa W yHecuTe BpeAHoCTW y Tabeny 36 y ncTy
3a OAroBope.

C-2.2 (vii) HaupTajTe y nncrosuma 3a ogrosope Npadpuk 2 ca BpegHocTUMa UH-  (1.4pt)
AeKca npenamMmarba Ha BEpTUKa/IHOj U KOHLLeHTPaLMjoM Ha XOPU3OHTAa/THOj
ocu.
HanomeHa: (0, 1.33) Tpe6a yupTaTti Ha rpadpuk Kao gofaTHy TauKy
(YkynaH 6poj Tauaka 3a upTakme je 5)

N3mepunn cte nHgekce npenamarsa 30% pacteopa NaCl n ranuepuiHa. Takohe cTe yTBpAWAN OAHOC KOH-
LieHTpauuje v HaeKkca npenamara 3a pacTBope ruvLepuHa.

OparoeopuTe Ha ceaeha NUTawa y NCTY 3a ogroBope Tako WTo heTe nsa6paTm TauHy onuujy:

C-2.3 Kako ce HAeKC npenamara MeHa ca KOHUEeHTpauunjom pacteopa ravue- (0.2pt)
puHa?
a. NMosehaga ce ca KOHUEeHTpaLujom
6. CMambyje ce ca KOHLUEeHTpaLunjom
U. He mema ce ca KOHUEHTpaLunjom

C-2.4 Kako 6ucte ouekuBanu ga ce HAeKC npenamara pacteopa NaClmewaca (0.2pt)
KOHLleHTpauujom?
a. Ovekyje ce ga ce noeehasa ca KOHLEHTpPaLMjoM
6. O4ekyje ce ga ce cMarbyje ca KOHLEeHTpauujom
u. Ouekyje ce fa ce He MeHba Ca KOHLEeHTpaunjomM
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Determination of Refractive Index of Highly Concentrated So-
lutions of NaCl and Glycerin using Total Internal Reflection
(TIR) (14 points)

Please read the general instructions in the separate envelope before you start this experiment.

Dependence of Refractive Index of a Solution on Concentration

Introduction:

Basic Principle: When a beam of light is incident on a surface, reflection and refraction take place. When
the surface is uneven (rough), these phenomena result in scattering light in all directions. If the surface
is that of a transparent medium, then most of the light is transmitted (refracted) and a small portion of
it is reflected. If the surface is opaque and polished (like a metallic surface), all the light is reflected.

Inthis experiment, the green laser lightis shone normally into the water inside a container. The container
used has vertical walls. The laser beam first meets the smooth top water surface then it gets scattered
from the rough bottom surface of container while producing a bright green spot on the bottom surface.
This scattered light travels back into the water in all directions. This light again meets the top smooth
surface of water and undergoes reflection, refraction and another phenomenon called total internal
reflection (see Figure 1).

The scattered rays that reach the top surface of the water at an angle greater than the critical angle, get
totally internally reflected which results in a bright ring enclosing a dark region.

“——>»

(a) ;
(b) (d)
+——d —m—»

(a) Air (b) Liquid (c) Laser Pointer (d) Container with Liquid

Figure1: (Left) Arrangement to observe the phenomenon. (Right) The ray diagram.
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From the definition of refractive index and critical angle we have:

VS S O LV I S T (OE .
"= Sin (00) ~ g - d -

Where p is the refractive index (RI) of liquid, d is the diameter of the dark disc and h is the height/depth
of liquid. This formula can be applied to any transparent liquid medium.

From equation-(1)

(V)?

(@2 % (1) = (@2 +16 x {50

Where, A is the effective area of the horizontal cross-section of the container and V is the volume. h = %

The diameter (d) as a function of refractive index and area of the container (A) is

Using a liquid whose refractive index we know , we can calculate A. The effective area of the horizontal
cross-section of the container is given by

Ao 4 (4)

S x/u2—1

The present experiment is to determine the refractive indices of salt and Glycerin solutions at certain
high concentrations, using the refractive index of water (1.33).

Percent Concentration of Solutions:

Percent concentration volume per volume (V/V) is defined as the volume of solute in mlin 100 milliliters
of solution. Hence 50% solution of any solute is 50 ml of solute in 100 ml of solution).
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Aim:
1. Determination of refractive index of 30% NaCl solution and Glycerin.

2. Determine the dependence of RI on the concentration of Glycerin water solution.

Equipments: You are supplied with the following equipment for this experiment:

Sr. No. Item Specifications Quantity
01 Green LASER Pointer Wavelength-532 nm 1 no + 1 spare
02 Burette stand As shown in final assembly 1 no
03 Beaker 500 ml 3no
04 Syringe 50 ml 1no
05 Digital thermometer To measure Room Temp 1no
06 Glass stirrer For making solutions 1no
07 Container As shown 1no
08 Sodium Chloride (NaCl) Solution 30 % from AR grade salt 500 ml
09 Glycerin AR grade 500 ml
10 Distilled water Solution + washing 5000 ml
11 Tissue paper
12 Safety goggle Polaroid 1 no
13 Divider Screw adjustable 1no
14 Steel scale (ruler - optional) 0.5 mm Least Count 1no
15 Reading lens High quality 1 no
Warning :
/\ CAUTION

LASER N
3R

Avoid direct eye exposure and through reflections.

Avoid staring at the laser spot for too long, advise to turn off the laser when it's
not used for performing measurements
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The Experiment

Part-0 Measurement of the room temperature (0.2 points)

A.0 Measure the room temperature using the thermometer provided and record  (0.2pt)
your reading in the answer sheet.
(Get the supervisor's sign after taking this reading)

Steps for setting up the equipment.

Step-1: Making a cardboard box.
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Wear your safety googles all the time. If you are already wearing spectacles, wear the safety
googles above that. Do not look directly into the laser light.

Switch off the laser light when you are not taking the readings.
Glycerin should be kept covered when not in use.

Part 1. Calculation of effective area of cross section (A) of the container using distilled
water (3.6 points)

Step-2: Attaching the Green LASER Pointer on the burette stand.
The laser pointer should be vertical .

(a) Cardboard Holder (b) Fisher Clamp (c) Laser (d) Opaque Rectangular container(TIR
Container) (e) Stand Rod
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Step-3: Attaching the cardboard box on the burette stand.

(a) Cardboard Holder (f) Tape for support
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Procedure for Observation:
Apparatus set up:

Clamp the laser light in the burette stand in such a way that the switch is pressed by the middle grip
of the stand. (When it is to be switched off, simply rotate the laser around the vertical axis so that the
pressure on the switch is released. When it is to be switched on, rotate it back to the original position).

Make sure that the base of the stand on which the container is placed is horizontal.

Switch off the laser light when you are not taking reading.
Place the container below the light so that the laser beam falls on the bottom of the container.

(i) Add 50 ml of distilled water into the container. Switch on the laser, a bright ring with a dark disc
inside becomes immediately visible.

A1 (ii) Using the divider and ruler provided, measure the diameter of the dark  (1.2pt)
disc. Use the reading lens for better observation of the disc diameter. Record
your readings in the Table 1 of the answer sheet.
(iii) Repeat steps (i) and (ii) by adding water in steps of 50 ml to obtain six
readings.

A2 (iv) Plot a graph on the given graph sheet (Graph 1 - plot 1) with diameter of  (1.8pt)
the dark disc (d) on the vertical axis and the volume (V) of water on the horizontal
axis using the given graph page in the answer sheet.
Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)
while plotting use symbol
(.) dot = water
For marking the points on the graph

A3 (v) Calculate the slope from the graph (S = d/V) (0.2pt)

A.4 (vi) Calculate the effective area (A) of cross-section of the container from the  (0.4pt)
slope and equation (4)
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Part 2: Determination of Refractive index of 30% NacCl Solution (3.4 points)
You are supplied 500ml of 30% NacCl Solution.
(i) Clean the container dry it by dabbing it with tissue paper.

B.1

(i) Using the salt solution with fixed concentration, follow the steps (i) to (iii) of
Part 1. Enter your readings in Table 2 of your answer sheet.

(1.2pt)

B.2

(iii) Plot a graph on the same graph sheet in the answer sheet (Graph 1 - plot
2) overlapping graph plotted in Part 1) with diameter on the vertical axis and
volume on the horizontal axis. Label the points for distinction.

Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)

while plotting use symbol

(+) plus = NaCl solution

For marking the points on the graph

(1.6pt)

B.3

(iv) Calculate the slope from the graph

(0.2pt)

B.4

(v) Calculate the refractive index of 30% NaCl solution from the slope and the
value of A calculated in Part 1.

(0.4pt)
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Part 3-A: Determination of refractive index of Glycerin (3.4 points)
You are supplied with 500 ml of Glycerin.
(i) Clean the container and dry it by dabbing it with tissue paper.

C-1.1 (ii) Using the pure glycerin provided follow the steps (i) to (iii) of Part 1. Enter  (1.2pt)
your readings in Table 3a of your answer sheet.

C-1.2 (iii) Plot a graph on the same graph sheet in the answer sheet (Graph 1 - plot  (1.6pt)
3) overlapping graph plotted in Part 1 and 2) with diameter on the vertical axis
and volume on the horizontal axis. Label the points for distinction.
Note : (0,0) will be an additional data point to be plotted on the graph
(The total number of points to be plotted is 7)
while plotting use symbol
(*) star = Glycerin
For marking the points on the graph

(iv) Do not disturb this solution at this point as it is required for part 3B of this experiment.

C-1.3 (v) Calculate the slope from the graph. (0.2pt)

C-1.4 (vi) Calculate the refractive index of glycerin from the slope calculated in  (0.4pt)
this part of experiment and the value of A already calculated in Part 1 of
this experiment.
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Part 3B: Relation between Refractive index and concentration of Glycerin solution. (3.4
points)

Glycerin is miscible with water in all proportions; however, it takes thorough stirring to obtain a homo-
geneous mixture. In this part you will be measuring the refractive index of different concentrations of
aqueous solutions of Glycerin.

(i) Using the syringe provided, remove 150 ml of Glycerin from the container, so the remaining amount
of glycerin is 150 ml in the container.

C-2.1 (ii)Measure d and enter values of volume and diameter in Table 3binthe answer  (1.6pt)
sheet.
(iii) Now add 50 ml of water to the container, stir the mixture gently and thor-
oughly to make
a homogeneous solution.
(iv) Calculate the new concentration of the solution.
(v) Measure the diameter of the ring and record values of volume, diameter and
concentration in Table 3b in the answer sheet.
(vi) Repeat steps (iii) to (v) for two more dilutions.

Calculate the values of S and Refractive Indices of the solutions and enter the values in the Table 3b in
the answer sheet.

C-2.2 (vii) Plot the values refractive index on the vertical axis against the concen- (1.4pt)
tration on the horizontal axis (graph -2) in the answer sheet.
Note : (0,1.33) will be an additional data point to be plotted on the graph.
(The total number of points to be plotted is 5)

At this stage you have measured the refractive indices of 30 % NaCl solution and glycerin. You have also
determined the relation between concentration and refractive index for glycerin solutions.

Answer the following questions in the answer sheet by choosing correct option:

C-2.3 How does the refractive index change with the concentration of glycerin  (0.2pt)
solutions?
a. Increases with concentration
b. Decreases with concentration
¢. Does not change with concentration

C-2.4 How would you expect the refractive index of NaCl solution to change with  (0.2pt)
concentration?
a. Expected to increase with concentration
b. Expected to decreases with concentration
c. Expected not to change with concentration
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OapehuBabe HAEKca npenamMartba BUCOKO KOHLEHTpuUca-
Hux pactBopa NaCl n ranuyepuHa nomohy ToTanHe pednex-
cunje (TP). (14 noeHa)

MpounTajTe onwTa ynyTCcTBa y NOCE6HOj KOBEPTU Mpe Hero LUTO 3arno4yHeTe 0Baj eKCnepuMeHT.

3aBUCHOCT MHAEKCa NpeniamMatba pacTBopa o KOHLeHTpaLumje

YBoa:

OCHOBHM NpUHUMN: KaZa CHOM CBET/I0CTM Maja Ha MoBpPLUMHY, A0/asn A0 oAbuvjarba (pednekcuje) n
npenamatba. Kaja je NoBpLUMHA HepaBHa (xpanaBsa), 0Be NnojaBe JOBOJE 0 pacunarba CBeT/0CTN Y CBUM
npaBLMMa. AKO je MOBpPLUMHA 04 NPOBUAHOT MaTepujana, Taga ce BehnHa cBeTNoCTM npenama (npeHo-
Y1), @ Manu Aeo ce o6mja. AKO je MOBpLUMHA HEMPO3MpPHa 1 yrnayaHa (Kao MeTasHa MoBpLUMHA), CBa
CBET/I0CT Ce 0A6uja.

Y 0BOM eKCrneprMeHTY, 3e/1eHO S1acepcko CBET/I0O HOPMAJIHO yflasn y Body yYHyTap nocyae. MNocyga nma
BepTUKanHe 3uaoB.e. Jlacepcku 3pak NpBO HaWAasm Ha rnaTky ropky NOBPLUMHY BoAe, a 3aTUM Ce pac-
npLuyje ca xpanaee AOHe MOBpPLUVHE nocyse cTBapajyhu cBeTN0 3eneHy Tauky Ha H0j. Tako pacejaHa
CBeTNOCT ce Bpaha y BoAy y cBMM npaBuuMa. OBa CBETNOCT A0/1a31 A0 rnatke NoBpLUMHe Boje rae Ao-
nasu o ogbunjama, NnpenamMama 1 joll jegHe nojaBe Koja ce Ha3vBa ToTanHa pednekcuja ( BUAU CANKY
1)

3paum (palwTpKaHu) Koju Aonase Ao ropke NnoBpLUMHe Boe nog yrnoM Behum oz KpUTUYHOT MOTMYHO
ce pedpnekTyjy LITO AOBOAM A0 CTBapakba TaMHOT AMCKa.

S,

(b) - (d)

“«———»

F
o
A4

(a) Bazgyx (6) TeuHocT (1) JTacepckn nokasmeau (4) nocysa ca Te4yHowhy

Cnuka 1 : ( sego ) Pacnopes KoMrnoHeHaTa 3a nocmatpawe nojase. ( JecHo ) Awjarpam
3paka.
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N3 pedurHMUMje nHAEKCA NpenamMarba U KPUTUYHOT yria Mamo:

VS S O LV I S T (OE .
"= Sin (00) ~ g - d -

Fae je p Haekc npenamarba (MM) TeuHoctn, d je npevyHUK TaMHOr Aucka, a h BucmHa/ayburiHa TeuHOCTW.
OBa popMysia ce Moxe NPUMEHNTI Ha BUJIO KOjy MPOBUAHY TEYHOCT.

W3 jegHaumnHe (1)

(V)?

(@2 % (1) = (@2 +16 x {75

Fae je A epekTVBHaA NOBPLUMHA XOPU3OHTANHOr Npeceka nocyge, a V 3anpeMunHa. h =

i<

MpeynHuk (d) y dyHKUMjU HAEKCa Npenamarba 1 noBpLUunHe nocyge (A) je

KopucTehun TeUHOCT Unju MHAEKC NpenamMakba 3HaMo, MoXeMo n3padyHat A. EdekTrBHa NoBpLUnHA
XOPW30HTaNHOr npeceka NocyAe je AaTa ca

A:$ —————————————— (4)
S x\/u2—1

OBaj ekcrieprMeHT ce KopuUcTK ogpefnrBare nHAeKCa npesaMara pacTBopa Coum 1 rMuLepuHa Ha oa-
pefeHM BUCOKMM KOHLIeHTpaLumjama, noMohy nHaekca npenamatsa soge (1.33).
MpoueHaT KOHLeHTpaLuje pacTBopa:

MpoueHaT KOHLeHTpauvje 3anpeMmuHe no 3anpemMuHu (V/V) je gedmHmcaH Kao 3anpeMmnHa pactsopeHe
cynctaHue y mly 100 mununutapa pacteopa. Jakne, 50% pactBopa 6uio koje pacTBopeHe cyncTaHLue
je 50 ml pactBopeHe cynctaHue y 100 ml pactBopa.
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1. OgpehuBame nHgekca npenamamwa 30% pacrsopa NaCl n rnuuepuHa.

2. OppeguT 3aBUCHOCT MHAEKCa Npenamatsa (M) oa KOHLEeHTpaLmje BogeHOr pacTBopa rnuvue-
puHa.

Onpema : 3a oBaj ekcnepuMeHT fobwnjaTte cnegehy onpemy:

P. 6p. CraBkKa Cneumndunkauynje KonnuunHa
01 3eneHw JTACEP lNounHTtep TanacHa gy>kKnHa-532 nm 1 KoM + 1 pe3epBa
02 Cranak, gp>xay Kao wTo je npmka3aHo y KOHayHOj NoCcTaBLM 1 KoM
03 Yawa 500 ml 3 KoM
04 Wnpwuy, 50 ml 1 KoM
05 AnrvtanHu Tepmomertap 3a Mepere cobHe Temnepatype 1 KoM
06 CrakneHa MeLwannua 3a npaB/beHe pacTBopa 1 KoM
07 nocyga Kao wro je npvkasaHo 1 KoM
08 PactBop HaTpujym xnopuga (NacCl). 30% co AHanap rpage (AR) kBanuTeta 500 ml
09 rnvuepuH AR kBanuTeTta 500 ml
10 JecTnnoBaHa BoAa PactBopu + npare 5000 ml
11 MNannpHe Mapamuue
12 3aWwTnTHe Haovape Monapowng 1 koM
13 LLlecTap Mpwunarogmsuns 1 KoM
14 YennyHm newsnp (neswunp - onymoHo) 0,5 mm Ta4yHOCT oUMTaBaHa 1 Kom
15 CoumnBo 3a UnTake Buncok kBanutet 1 KoM
Ynosopemre :

/\ CAUTION

LASER
3R

N36eraBajTe AUPEKTHO U3Narawe o4Unjy CBTENOCTU, Kao U Kpo3 pedneKkcumje.

N36eraBajTe npepyro rnepawe y slacepcky Tauky, caBeTyje ce Aa UCK/byuuTe na-

cep Kaga ra He KOpUCTUTe 3a Mepewe
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EkcnepymeHT

[eo-0 Mepewe cob6He TemnepaType (0,1 noeHa)

A.0 N3mepuTe cobHy TemnepaTtypy nomohy npuaoxeHor TepmomMeTpa 1 3abenexun-  (0.2pt)
Te je y INCTY 3a o4Arosope.
(Kaga ynuwerte Temnepartypy rno3osuTe Cyrnepsr3opa ja Bam ce noTnuiue)

Kopauu 3a noctaB/bate onpeme .

Kopak 1: MpaB/bewe KapTOHCKe KyTuje.
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Hocute 3aluTUTHe Haouapu cBe Bpeme. AKo Beh HocUTe Hao4vape, HOCUTe 3alUTUTHE Haovape
M3Haj bunX. He rnepajTe ANpPEKTHO Y 1acepcKo CBETNO.

Nck/byumnTe nacep Kaja He oumTaBarTe.

FMnuepuH mopa 6UTK 3aTBOPEH KaAa ce He KOPUCTU.

[eo 1. OppehumBame edpeKTUBHE MOBpLUMHE MNoOMNpeyvyHoOr npeceka (A) nocyae Kopwu-
whewem gecTnnoBaHe Boae (3,6 NnoeHa)

Kopak 2: NocTaB/matbe 3eneHor JIACEPckor nokasmeaya Ha nocTosbe
Nauepckun nokasmsay Mmopa 6UTU BepTMKanaH.

(a) KaptoHckmn pgpyxaud (b) Cresamka (c) Jlacep (d) HenpoBugHa npaBoyraoHa nocy-
pa (TP nocypa) (e) ap>kay
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Kopak 3: MpuuBpihuBawe KapTOHCKe KyTuje Ha nocTosbe 6upeTe.

(a) KapToHckun gpxxau (f) Tpaka 3a nomohHo yuBplihaBame
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Mpoueaypa:
MNocTtaBmwame anapaTtype:

Nacepcko cBeT/I0 NPUYBPCTUTE Y MOCTO/bE TAKO LUTO MPUTUCHE Cpefhy PyYky nocTtosba. (Kaga Tpeba
Aa Ce NCK/by4l, jeJHOCTaBHO POTMpPajTe Nacep OKO BEPTUKA/IHE OCe TaKo Ja ce 0cn0604M NPUTUCaK Ha
npekngady. Kaga Tpeba Aa ce yk/byun, OKPEHUTE ra Hasag y NpBo6UTHN MooXaj).

MpoBepuTe a N1 je NOCTO/bE Ha KOje je NoCTaB/beHa NoCysa XOPU3OHTAHO.

UckbyumnTe nacepcko CBeT/I0 Kaga He umTarTe.
CTaBUTe Nocyay MCMog CBeT/a Tako Aa acepcku 3pak naja Ha AHO nocyge.

(i) AopajTe 50 ml gecTnoBaHe BoAe y nocyay. Ykiby4nTe nacep, CBET/IN NPCTEH OKO TaMHOT AMCKOM
nocraje ogMax BUA/bUB.

A1 (ii) Kopnctehy npuno>keHU wectap N Newbnp, UsSMeprTe NpeyHnK TamHor  (1.2pt)
Ancka . KopuctuTe CoumnBO 3a UMTake 3a 60/be nocMaTpame NpeyHmnka ucka.
3anuwmnTe cBoja ouMTaBara y Tabeny 1 Ha 11CTy 3a o4rosope.

(iii) NoHoBUTE KOpake (i) n (ii) sosaBarbeM Boge y kopaumma o 50 ml ga 6ucte
A06MNU LLIeCT ounTaBakba .

A.2 (iv) HaupTtajte rpa¢uk Ha gaTtom nncty 3a rpadpuke (Ffpapuum 1 - rpadpuk  (1.8pt)
1) ca npeyHMKOM TamMHOr ancka (d) Ha BepTUKaNHOj OCK 1 3anpeMnHoMm (V)
BOJie Ha XOPU30OHTAaNHOj ocn KopucTehn gat AncT 3a rpadurke y nanvpmma 3a
oArosope.
HanomeHa: (0,0) je AoaaTHa Tauka Kojy Tpeba yupTaTi Ha rpadpuk
(YkynaH 6poj Ta4yaka 3a upTake je 7)
3a 03HaYaBake 0BUX Tayaka Ha rpapuKy KopucTuTe CMM6UN Tauka
(.) Tauka = 3a BOAY

A3 (v) UspauyHajTe Harmnb rpadpuka (S = d/V) (0.2pt)

A4 (vi) N3pauyHajTe epeKTUBHY NnoBpLUUHY (A) nonpeyHor npeceka nocyge n3  (0.4pt)
Harmnba v jeaHauvnHe (4)
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Jeo 2: OppehuBame nHaekca npenamawa 30% pacrsopa NacCl (3,4 noeHa)
Ao6unu cte 500 ml 30% pacteopa NacCl.

(i) OumcTmTe Nocyay 1 NoCyLUUTE je ManmpHOM MapaMuLIOM.

B.1 (i) Kopuctehun pactBop conum ca GMKCHOM KOHLIeHTpaumjoMm, npatute kopake (i)  (1.2pt)
4o (iii) n3 Aena 1. YHecuTe cBOja ounTaBara y Tabeny 2 Ha InCTy 3a OAroBope.

B.2 (iii) HaypTajTe rpadpmK Ha UCTOM NIUCTY Kao U npeTxoaHm (Tpaduum 1-rpa-  (1.6pt)
Pk 2), 3ajegHo ca rpadmKom HaLpTaHUM Y geny 1 ca IpeyYHKOM Ha BepTuKa-
HOj OCM 1 3aMPEMNHOM Ha XOPU30HTaNHOj ocn. O3HauunTe Tauke gpyradnje oj
NPeTXoAHVX Aa 61 ce pasnnkosane.
HanomeHa: (0,0) je AopaaTHa TauKa Kojy Tpeba yupTtaTn Ha rpadpumk
(YkynaH 6poj Tauaka 3a upTame je 7)
3a o3HavyaBake 0BUX Tayaka Ha rpapuky Kopuctute cmméon nnayc
(+) nnyc 3a pactBop NacCl

B.3 (iv) UspauyHajTe Haru6 ns rpadpuka (0.2pt)

B.4 (v) UspauyHajte nHaekc npenamama 30% pacrsopa NaCl ns Harmba v Bpeg-  (0.4pt)
HocT A nspauyHatey 1. aeny .
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[eo 3-A: OgpehuBare MHAEKCa NpenamMmara rnvuepuHa (3,4 noeHa)
Ao6unu cte 500 ml rnuuepuHa.

(i) OumcTmTe Nocyay 1 NoCyLUUTE je ManmpHOM MapaMuLIOM.

C-1.1 (ii) Kopmwherem NpmnaoXeHoOr YNCTOT rVLeprHa cneauTe Kopake (i) go (iii)  (1.2pt)
npBor gena. YHecuTe CBOja ouMTaBaka y Tabeny 3a nvicTa 3a o4roeope.

C-1.2 (iii) HaypTajTe rpadpmkK Ha MCTOM NIUCTY Kao U npeTxogHe (Fpapuum 1-rpa- (1.6pt)
¢uk 3), 3ajegHo ca rpaduuMMa HaLPTaHUM y genoBuMa 1 1 2 ca NPevYHNKOM
Ha BepPTUKaIHOj OCU 1 3aMPeMNHOM Ha XOPU30HTasIHOj ocn. O3HaunTe Tadke
Apyraymvje of NpeTxoAHVX Aa 61 ce pasnnkosane.
HanomeHa: (0,0) je AoaaTHa TauKa Kojy Tpeba yupTaTi Ha rpa¢pUKoH
(YkynaH 6poj Tauaka 3a upTame je 7)
3a o3HauyaBake 0BUX Tayaka Ha rpapuKy KopucTtnte cmmbon 3Bespa
(*) 3Be3aa 3a rnvuepuH

(iv) He anpajte oBaj pacTtBop jep Bam je noTpebaH 3a aeo 3b oBor ekcnepmmeHTa.

C-1.3 (v) UspauyHajTe Harmn6 rpaduka. (0.2pt)

C-1.4 (vi) UspauyHajTe nHAEKC NnpenamMmata rnvuepuHa ns Haruba goé6ujeHory  (0.4pt)
OBOM fie/ly eKCcrepMeHTa U BpeHOCTU A nspadyHaTe y aeny 1 oBor ekc-
nepvmMeHTa.
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Oeo 3b: OaHoC n3mehy nHaeKkca npesamMmarwa M KOHLUEHTpaLuuje pacTBopa ravuepuHa.
(3,4 noeHa)

FMVLEPUH ce MeLla ca BOZOM Y CBUM pa3mepama; MehyTnm, noTpebHo je 206po Meluake fa 6u ce fo-
6vna xoMoreHa cmella. Y oBoM geny hete MepUTU MHAEKC Npesiamaka pasnymMTuX KoOHUeHTpaumja
BOZAEHMX pacTBopa ruuepuHa.

(i) Kopucrehu npunoxeHu wnpw, yknoHuTe 150 ml ravuepuriHa n3 nocyae, Tako Aay nocyam octaHe 150
ml ranuepuHa.

C-2.1 (ii) UamepuTe d 1 yHecnTe BpefHOCTM 3aNpeMumHe 1 nNpeYvHnka y Tabeny 36 an-  (1.6pt)
CTOBa 3a Ofrosope.
(iii) Capa poaajte 50 ml Boge y nocyay, naraHo 1 TemMes/bHO NpoMeLlajTe cMmeLly
Aa ce fobuvje xoMOreH pacTsop.
(iv) U3payyHajTe HOBY KOHLEeHTpaLujy pacTBopa.
(v) amepuTe NpeyHuK ancka 1 3abenexuvre BpegHOCTU 3anpemMmHe, NpeyHmnka
W KOHLUEeHTpauuja y Tabeny 36 y I1CTy 3a OAroBope.
(vi) MoHoBWUTe KOopake (iii) 4o (v) 3a jow ABa pa3bnaxkekrsa.

M3pauyHajTe BpegHOCTU S 1 MHAEKCA Npefiamarba pacTBopa W yHecuTe BpeAHoCTW y Tabeny 36 y ncTy
3a OAroBope.

C-2.2 (vii) HaupTajTe y nncrosuma 3a ogrosope Npadpuk 2 ca BpegHocTUMa UH-  (1.4pt)
AeKca npenamMmarba Ha BEpTUKa/IHOj U KOHLLeHTPaLMjoM Ha XOPU3OHTAa/THOj
ocu.
HanomeHa: (0, 1.33) Tpe6a yupTaTti Ha rpadpuk Kao gofaTHy TauKy
(YkynaH 6poj Tauaka 3a upTakme je 5)

N3mepunn cte nHgekce npenamarsa 30% pacteopa NaCl n ranuepuiHa. Takohe cTe yTBpAWAN OAHOC KOH-
LieHTpauuje v HaeKkca npenamara 3a pacTBope ruvLepuHa.

OparoeopuTe Ha ceaeha NUTawa y NCTY 3a ogroBope Tako WTo heTe nsa6paTm TauHy onuujy:

C-2.3 Kako ce HAeKC npenamara MeHa ca KOHUEeHTpauunjom pacteopa ravue- (0.2pt)
puHa?
a. NMosehaga ce ca KOHUEeHTpaLujom
6. CMambyje ce ca KOHLUEeHTpaLunjom
U. He mema ce ca KOHUEHTpaLunjom

C-2.4 Kako 6ucte ouekuBanu ga ce HAeKC npenamara pacteopa NaClmewaca (0.2pt)
KOHLleHTpauujom?
a. Ovekyje ce ga ce noeehasa ca KOHLEHTpPaLMjoM
6. O4ekyje ce ga ce cMarbyje ca KOHLEeHTpauujom
u. Ouekyje ce fa ce He MeHba Ca KOHLEeHTpaunjomM
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OppehuBame cagprkaja rnykose y y3opky cupyna og ypme (8
noeHa)

Kopuctute 1 geymmanHo MecTo npm 6enexxewy ountaBakwa Ha 6upeTu.

2.1 (3.0 pt)
CraHpgapavsaumja pacteopa joaa (Tutpauuja 1)
Ta6ena 1 (Observation Table 1)

* oAcTynawe oA, 5 % = 2.5 noeHa

* oAcTtynawe of 10 % = 1.5 noeH

+ oacTtynawe of 10-15% = 0.5 noeHa

* Kopuctute 1 geymmanHo MmecTo npu 6enexxkerwy oumTaBarwa Ha 6upe-

™.

bpoj TuTtpaumnja | Tutpaumja | Turpauyumja

I II III

1 Mo4yeTHO ounTaBakbe Ha bupeTn mL

2 KoHauHo ounTaBare Ha bupet mL

3 Pa3nuvka ounTtaBama Ha bupet mL

OuUUTaBabE Ha BUPETU =.....cccenneeiceeicnnecncnnacnennae mL
(0.5 noeHa)

2.2 (0.5 pt)
MonapHa KOHLEHTPALIMja PACTBOPA JOAA S.vuvvurvererrerereeresseeseesensenns M
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2.3 (3.0 pt)
OppehuBatme rnykose y cmpyny og ypme
Ta6ena 2 (Observation Table 2)

Bpoj Tutpaumja | Tutpaumnja | TnTpauyuja
I II III

1. MouyeTHO oumMTaBame 3a TUTpaumjy mL

2 MNouyeTHO ouMTaBake TUTpaLmjy mL

3 Pa3nuka ounTtaBara Ha bmpet mL

OUNTaBakbe HA BUMPETU =.....ceveeeirneerrenscnneennens mL
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2.4 (1.5 pt)
MpopauyH

1. OppeanTe Macy rnykose y AaToM Y30pKy cumpyna of, ypme. (YKynHo 1 no-

€H)
-N3pauyHajTe 6poj MmonoBa rnykose y Aatom y3opky (0.5 noeHa)

- UspayyHajTe macy rnykose y gatom y3opky (0.5 noeHa)

2. OapeanTe NpoLueHaT rnykose y AaToM y30pKy cupyna o ypme . (0.5 no-
eHa)

Pesyntatm
1. Maca rnykose y AaTOM Y30pPKY CUPYNa Off YPME =.......cccceeueeeeeeeeneee g

2. MpoueHaT rnykose y 4aToM Yy30pKY CMPYNa Of YPME = .......cccceueeeenene
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OppehuBame cagprkaja rnykose y y3opky cupyna og ypme (8
noeHa)

Kopuctute 1 geymmanHo Mecto npm 6enexxewy ountaBaka Ha 6upeTu.

2.1 (3.0 pt)
CraHpapausaumja pacTeopa joaa (Tutpauuja 1)
Ta6ena 1 (Observation Table 1)

* oAcTynawe oA, 5 % = 2.5 noeHa

* oactynawe of 10 % = 1.5 noeH

* oactynawe of 10-15% = 0.5 noeHa

* Kopuctute 1 geLjimanHo MecTo npu 6esieXxerwy oumTaBamwa Ha 6upe-

™.

bpoj TuTtpaumnja | Tutpaumja | Turpauyumja

I II III

1 Mo4yeTHO ounTaBarbe Ha bupeTn mbL

2 KoHauHo ouunTaBarse Ha bupet mL

3 Pa3nuvka ounTtaBama Ha bupet mL

OuUuTaBabe Ha BUPETU =......cceeuneereineicinecninnnciennne mL
(0.5 noeHa)

2.2 (0.5 pt)
MonapHa KOHLEHTPALIMja PACTBOPA JOAA S.vuvvurvererrerereeresseeseesensenns M
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2.3 (3.0 pt)
OppehuBame rnykose y cmpyny og ypme
Ta6ena 2 (Observation Table 2)

Bpoj Tutpaumja | Tutpaumnja | TnTpauyuja
I II III

1. MNoueTHO oumMTaBak-€e 3a TUTPaLMjy mL

2 MNouyeTHO ouMTaBake TUTpaLmjy mL

3 Pasnuvka ounTtaBarsa Ha bmpet mL

OUNTaBabe HA BUMPETU S...ueeereeeinncciieicnncennns mL
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2.4 (1.5 pt)
MpopauyH
1. OppeanTe Macy raykose y AaToM y30pKy cmpyna of, ypme. (YKynHo 1 no-

€H)
-N3pauyHajTe 6poj monoea riykose y Aatom y3opky (0.5 noeHa)

- UspayyHajte macy rnykose y gaTtom y3opky (0.5 noeHa)

2. OapeanTe nNpoLueHaT rnyKose y AaToM Yy30pKYy cvpyna of ypme . (0.5 no-
eHa)

Pesyntatm
1. Maca rnykose y AaTOM Y30pPKY CUPYNa Off YPME =.......cccceeueeeeeeeeneee g

2. MpoueHaT rnykose y 4aToM Yy30pKY CMPYNa Of YPME = .......cccceueeeenene
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Determination of the Glucose Content of Date Syrup Sample
( 8 Marks)

Please read the general instructions before you start this problem.

Date palms (Phoenix dactlylifera)are found in abundance in the Middle East and in desert areas.The latin
name of the tree is believed to have been derived from Greek Phoenix daktulos, which means purple
or red finger. In the UAE, the late Sheikh Zayed Bin Sultan Al Nahyan was the founder of the country’s
agricultural renaissance.He encouraged the people of UAE to cultivate dates beyond the borders of the
oasis where they traditionally grew dates, which played a great role in the flourishing dates throughout
the nation. This great achievement turned the desert into an abundant paradise for its dwellers; UAE
today brings this ancient super fruit to a new global market, which made the UAE the leader of date’s
cultivation in the world. From dates, a variety of food products are made.

Dates are rich in sugar which consists of two isomeric carbohydrates-Glucose (Molecular Formula
CgH,,04) and Fructose (Molecular Formula CyH,,0;). Glucose is the most important source of energy
in all organisms.

Glucose contains an aldehyde group (—CHO) and hence is an aldose. Fructose contains a keto group
(—C = 0) and hence is a ketose. Glucose can be quantitatively oxidized to Gluconic acid (CgH,,0,) by
iodine in alkaline medium.This enables the estimation of Glucose in presence by Fructose.

Date syrup is treated with iodine solution in the presence of Na,COssolution.

2Na2C03 (aq) +12 (aq) +H20 (l) — NGI (aq) + NGOI (aq) + ZNGHCOg (aq)

Glucose + Sodiumhypolodite — SodiumGluconate + Sodiumlodide
Glucose: Sodium hypoiodite = 1:1

The iodate (I) (hypoiodite) is converted back to iodine after adding acid.
Nalaq) + NalOaq) + 2HClaq) — I,(,q) + H,0aq) + 2NaClaq)

On the completion of the oxidation, the excess iodine is back titrated against Na,S,04 solution using
starch as an indicator.



Experiment

IJSQ -

e SRB-S-01 E-2 Q-2

English (Official)

Iy (ag) +2NayS8503 (4 —> NayS,0q (4q) +2Nal (4, (In acidic medium)

You are supplied with the following:

Chemicals Labeled as Quantity Supplied
Date Syrup Date Syrup Sample | Supplied in Plastic Container
Iodine solution in a closed bottle Iodine 100 mL

0.10 M Na,S,04in a beaker 0.10 MNa, 5,04 150 mL

15% Na,CO4 in a beaker 15% Na,CO4 50 mL

2M HClin a beaker 2M HCl 100 mL
Starch Starch Indicator 15 mL in Falcon Tube
Distilled Water Distilled Water 1000 mL in a bottle
Apparatus Labeled as Quantity supplied
25 mL burette on stand B, 1

10 mL volumetric pipettes P, Py 2

Pipette fillers 2

250 mL Glass stoppered bottles 3

150 mL conical flasks C, to Cy 3

Funnel 1

100 mL Volumetric flask v, 1

10 mL measuring cylinder 1

Wash bottle with distilled water 1

Dropper 1

Beaker 150mL 1

* 10 mL measuring cylinder is to be used for 15% Sodium Carbonate, 2M HCI and starch indica-
tor. Make sure that you wash it before every use.

* Feel free to use beakers, conical flasks and funnels that are available in your laboratory that
fit with the experimental requirements, if necessary.

Procedure

i)Standardization of Iodine solution
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1. Rinse burette B, with 3to 5 mL of 0.1 M Na,5,04

2. Fill burette B, with 0.1 M Na,S,05using a funnel.

Note down the initial burette reading in Observation Table 1 in the answer sheet provided to you.
3. Using pipette P,take exactly 10 mL iodine solution in a 150 mL conical flask C;.

4. Using measuring cylinder add approximately 20mL of distilled water to the Iodine solution taken.

5. Titrate the iodine solution against 0.1M Na,S,0, from burette B, till a yellowish or light brown colour
appears.

6. Add 2 mL of starch indicator using 10 mL measuring cylinder , the solution turns blue, and continue
to titrate. The endpoint is colour change from blue to colourless.

7. Repeat the titration twice using conical flasks C,. and C;.

21 Record your titration readings in Observation Table 1 and note down the (3.0pt)
burette reading.

2.2 Calculate the molarity of Iodine solution. (0.5pt)

ii) Estimation of Glucose in Date Syrup
1. Using a funnel fill burette B, with 0.1M Na,S,0;.

2. Note down the initial burette reading in Observation Table 2 in the answer sheet provided to
you.

3. Dissolve the date syrup supplied in the plastic container with warm distilled water. Transfer the solu-
tion quantitatively in the 100 mL volumetric flask V, and dilute with distilled water up to the mark using
dropper. (You can use funnel to transfer the glucose solution.)

4. Insert the stopper and shake the solution to homogenise it. Transfer the homogenised solution to a
correctly labelled 150 mL beaker.

5. Using pipette P, take exactly 10 mL of the homogenised solution in a 250 mL glass stoppered bottle.

6. Using a 10 mL measuring cylinder, add approximately 10 mL of 15% Na,CO4 solution and add exactly
10 mL Iodine solution using pipette P;.

7. Stopper the bottle and keep aside in the dark for about 30 minutes. Repeat Steps 5 and 6 using
two other 250 mL glass stopper bottles and keep them aside in the dark for about 30 mins each.

8. After 30 minutes, add 10 mL of 2M HC1 using measuring cylinder, stopper the bottle and shake well
(Iodine will liberate).

9. Add Na,S,05 drop wise from the burette B, till a light yellowish / light brown colour appears and
then add 2 mL of starch solution indicator (dark blue colour will be obtained) using a 10 mL measuring
cylinder and continue to titrate.

10. The endpoint is colour change from dark blue to colourless.

11. Repeat the titration twice.
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[2 (aq) + 2NCL25203 (aq) — NCLQS4O6 (aq) + 2Nal (aq)

2.3 Record your titration readings in Observation Table 2 and note down the (3.0pt)
burette reading.

Molar mass of Glucose=180 g/ mol

Ask for the mass of Date syrup given to you m(g)=........ccecceeruercrucrsunncnns g.
Observations

1.Calculate the number moles of Iodine solution added to 10 mL date syrup

3. Calculate the number of moles of Iodine used up for oxidation of 10 mL date syrup

»

. Calculate the total number of moles Iodine used up for the oxidation of the given date syrup

the number of moles of Iodine =............cccoevvveverrvvnneeennn. moles
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24 Calculations (1.5pt)

Determine a) the number of moles b) mass c) percentage of Glucose present in
the given date syrup sample.
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OppehuBame cagprkaja rnykose y y3opky cupyna og ypme (8
noeHa)

MpouuTajTe onwTa ynyTcTBa y noce6Hoj KOBEPTU Npe Hero LUTO NoOYHeTe Aa pellaBaTe 0Baj 3a4-
aTak.

YpmuHe nanme (Phoenix dactlylifera) ce Hanaze y n306usmsy Ha BAMCKOM UCTOKY 1y NoApydjyMa MyCTUHba.
CmaTpa ce Aa NaTUHCKO MMe OBOT ApBeTa NoTuYe 04, rpUKmnX peun Phoenix daktulos, uToy npesoay 3Ha4un
Jbybu4acTn Unu upseHn npct. Y YAE, npeMuHynu weuk 3ajes bun CyntaH An HaxjaH je 6uo nokpeTay
nosbonpuepesHe 06HoBe 3eMsbe. OH je oxpabpuro cTaHoBHKIKe YAE fia y3rajajy ypMe 13BaH rpaHuua oasa
rae cy TpaAnLMOHANHO y3rajany ypMe, LUTO je NpeAcTaB/basio 3Havaj Kopak 3a npougar y3roja ypmu. OBo
Be/INKO NOCTUrHyhe NpeTBOpUO je NyCcTUkY y 6oraTu paj 3a HUXoBO CTaHOBHMKe. YAE cy TMe goHenun
ApeBHO cynep Bohe Ha HOBO CBETCKO TPXMLUTE JaHallkbuLe 1 TUMe cy nocTurnv ga YAE noctaHy Bogehu
y3rajuauyu ypMu Ha ceeTy. OJ ypMU ce npaBe pasnnyumnT npexpambeHmn Npon3Bogu.

Cnuka

YpMme cy b6oraTte wehepoM 1 cagpxe jBa M30MepHa Yr/beHO-XxngpaTta, rnykosy (Mosekyncka ¢opmyna
CsH,1504) N pyKkTO3Yy (MONekyncka ¢opmyna CgqH,,04). [NyKo3a npeacras/ba 3Ha4ajaH N3BOP eHepruje
y CBUM OpraHusmmma.

Fnyko3a cagpxu angexugny rpyny (—C HO) n 360r Tora je ango3sa. Ppykrosa cagpxu keto rpyny (—C = O)
1 360r TOra je Keto3a. [Nyko3a ce MoXe KBaHTUTaTMBHO OKCUAOBATU Y FYKOHCKY KucenuHy (CsH,,07) Yy
asikanHoj cpeanHu nomohy joga. OBo oMoryhaBsa npoueHy rinykose y npucycTey ¢ppykrose.

Cuipyn o ypMe ce TpeTupa pacTBoOpoM joga y npucycTey pactsopa Na,COs;.

2NCL2CO3 (aq) +12 (aq) —|—H20 (1) — Nal (aq) + NaOI (aq) + 2NGHCO3 (aq)

+ — +
Inykosa: Hatpujym xunojogut = 1:1

Joaat (I) (xvnojoAnT) ce HaKOH AoZaBaHa Ku1cesrHe NMoHOBO NpeTsapa y jos.
Nalaq) + NalOaq) + 2HCliaq) — Iy(,9) + Hy0(aq) +2NaClaq)
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Mo 3aBpLUETKY OKCUAALMje, BULLIAK joda ce TUTpMpa pacTBopoM Na,S,0, y3 kKopuwhere ckpoba Kao

MHANKATOpPa.

[2 ((Lq) + QNCLQSQOS ((Lq) — Na25406

Ha pacnonarawy nmarte cnepehe:

(aq) +2Nal (4 (Y KNCENO] CPEANHN)

Xemukanuje O3HauyeHo Kao AocTynHa Ko/iInunHa
Cypyn oa ypmu Y3o0pak cupyna ypMmn | Hanaswm ce y ninactmyHoj 6oum
pacTBop joaa y 3aTBOpeHOj 6oLu joa 100 mL

0.10 M Na,S,04 y nabopaTopujckoj YaLum 0.10 MNa, 5,04 150 mL

15% Na,CO4 y NabopaTopmjcKoj YaLum 15% Nay,CO4 50 mL

2M HCly nabopaTopunjcKoj YaLum 2M HCl 100 mL

Ckpob

NHankaTop ckpoba

15 mLy Falcon enpyBseTtu

JectnnoBaHa Boga

JecTtnnoBaHa Boja

1000 mL y 6oum

10 mL meH3ypa

6oLie 3a Mcnunparbe ca A4ecTUioBaHOM BOAOM

KarasbKa

NabopaTopujcka yawa oz 150mL

MNpwn6op O3HauyeHa Kao JAocTynHa Ko/IMumHa
25 mL 6upeTa Ha cTanky B, 1
nunete 3anpemunHe 10 mL Pi, Py 2
nykaum nuneta 2
6oue o 250 mL cTakieHM YenoBMMa 3
150 mL KoHycCHe (epneHMajepoBe) 6oue C, po C; 3
neBak 1
6oua 3anpemuHe 100 mL (TukBmua) A 1
1
1
1
1

* 10 mL meH3ypa ce kopuctu 3a 15% HaTpujym Kap6oHaT, 2M HCl n 3a uHankKaTop ckpoba.
O6paTuTe NaXkKiy Aa MeH3ypy Tpe6a Aa onepeTe npe ceBake ynortpeé6e.

* AKo je noTpe6HO, c/10604HO KOPUCTUTE Yallle, epsieHMajepoBe 6oLe U IeBKe Koju Cy A0CTYn-
HW y BaLloj 1abopaTopuju U Koju oarosapajy eKCnepuMmeHTa/slHUM 3axTeBUMa.
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Mpoueaypa

i) CraHpapansaymja pacteopa joga

1. Ncnepute 6upety B, ca 3 go 5 mL pacteopa 0.1 M Na,S5,04
2. HanyHwuTe 6upety B, ca 0.1 M Na,S,0, kopuctehn nesak.

3a6eneXxnTte No4YeTHO oUMTaBake Ha 6upeTn y Tabenu 1 (Observation Table 1) Ha nucTy 3a oaro-
BOpe KOju BaM je aar.

3. Kopuctehu nunety P, goaajte TauHo 10 mL pacTtBopa joaa y KoHycHy 6ouy C; og 150 mL.
4. Y3 nomoh meH3ype goaajte npnbamxHo 20mL gectnnoBaHe Boje y pacTBop joja.

5. Tutpupajte pacteop joga ca 0.1M Na,S,0, 13 bupeTe B, A0oK ce He nojasu Xyhkacta nam ceetio cMeha
60ja.

6. loaajte 2 mL vHankaTopa ckpoba kopmctehin 10 mL MeH3ypy, pacTBOp Taga nocTaje naas 1 HacTaB/ba-
Te TUTpauujy. TuTpauwjy HacTaB/baTe A0 KpajHe Tauke Tj. NpoMeHa 6oje 13 nnaee y 6e360jHy.

7. MoHoBUTe TUTpaLWjy joww asanyT kopucTehun koHycHe 6oumnue Cy 1 Cs.

2.1 3abenexxuTe oumMTaBama ca 6upete 3a TUTpaunjy y tabeny 1 (Observation  (3.0pt)
Table 1).
2.2 N3pauyHajTe MonapHy KOHL,eHTpauujy joaa y pacteopy. (0.5pt)

ii) OgpehuBamwe rnykose y cupyny oa ypme

1. Kopuctehu neBak HanyHuTe 6upeTy B, ca 0.1M Na,S50;.

2. 3abenexxnTe NOYETHO oUunTaBake Ha 6upeTmn y Tabeny 2 (Observation Table 2) y nucty 3a ogro-
BOpe Koju BaM je AarT.

3. PacTBopuTe crpyn oA YpMU KOju ce Haniaswn y NnacTnuyHoj 6oum kopmuctehu Tonay AecTUaoBaHy Bogy.
JobnjeHn pactBop npeHecuTe y 6ounuy V,; 3anpemumHe og 100 mL v pasbnaxuTe ra ca 4ecTMnoBaHOM
BOAOM KopucTehu kanasbky A0 HMBOA KOju je 03Ha4eH. (MoxeTe KOPUCTUTM NieBak 3a NMpeHoLLeHe pac-
TBOpa raykose.)

4. CTtaBuTe Yen 1 NaX/bMBO NPOTPecHTe pacTBop Ja ce XoMmoreHusyje. MpebaLuTe XoMOreH30BaHW pac-
TBOpP y nabopartopmjcky Yally 3anpemuHe 150 mL.

5. Kopuctehun nunety P, gojajTe TauHo 10 mL xoMoreHn3oBaHoOr pactBopay 60Uy ca CTak/ieHUM Yernom
3anpemMuHe 250 mL.

6. Kopuctehun meH3ypy og 10 mL, gogajte npubnmxHo 10 mL 15% pactBopa Na,CO5 1 Takohe gogajte
TayHo 10 mL pactBopa joga kopuctehun nunety P, .

7.3aTBOpUTE 6oLy N Ap>XKUTE je HA TaMHOM MecTy oko 30 MMHYTa. [ToHOBUTe Kopake 5 1 6 kopuctehn
Apyre Ase 6oue 3anpemuHe 250 mL ca cTakneHVM YenoMm 1 CBaky ApXUTe Ha TaMHOM oko 30 MUHyTa.

8. Mocne 30 MuHyTa, Kopuctehi meHsypy goaajte 10 mL2M HCI1, na 3auenuTe 60Uy 1 Nax/bUBO U J06p0
je npoTtpecuTe (ocnoboguhe ce joa).
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9. fopajte Na,S,04 Kan no kan ns bupete B, AOK ce He NojaBu CBeT/0 XyhkacTa-cBeTno cmeha 6oja n
noTtom kopuctehun meHsypy og 10 mL gogajte 2 mL pactBopa nHamkatopa ckpoba (nojasmhe ce TamHo-
nnaea 60ja) N HacTaBUTe Ca TUTPUPaHEM.

10. Kpajrba Tauka je npoMeHa 60je n3 TaMHO naase y 6e360jHy.
11. MoHoBWUTe joLl ABaNyT TUTPaUWjy.

Iy (aq) +2NayS505 (4q) —> NayS,0q¢ (4 +2Nal (4

23 3ab6enexxuTe pesyntaTe ouMTaBaka ca 6upeTte 3a TUTpaunjy y Tabeny 2 (3.0pt)
(Observation Table 2).

MonapHa maca rnyko3e=180 g/ mol

3anuwnTe mMacy cumpyna of, YpMM Kojy €Te A06MIN M(G)=......covvervruerseceraencnnens g.
3ana)kamwa
1. 3payyHajTe 6poj monoBa pacTtBopa joga gogator y 10 mL cypyna og ypmu

2. 3pauyyHajTe 6poj MonoBa joaa Koju ocTaje HemckopuwheH (HenspearoBaH) nocne okcupauumje
rnykose =

3. UspauyHajte 6poj monoBa joga kopuwheHor 3a okcupgauunjy 10 mL cupyna og ypmu

4. N3pauyHajTe yKynaH 6poj mosioBa joaa kopuwheHor 3a okcupaumjy agator cmpyna og ypmm



Experiment

IJSQ -

,:.“:.T"D“'.j“.‘f“f;f‘”f”’i!y:;‘”i SRB-S-01 E-2 Q-5
Serbian (Serbia)
6pPOj MOJIOBA JOAA =....coovverveeeieienierieseenaenes mol
24 MpopauyH (1.5pt)

OapeauTe a) KONNUKMHY CyrncTaHLe Tj. 6poj MonoBa b) macy ¢) npoueHart rnykose
NpuCcyTaH y aToM Y30pKy cupyna of ypme.
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Determination of the Glucose Content of Date Syrup Sample
( 8 Marks)

Please read the general instructions before you start this problem.

Date palms (Phoenix dactlylifera)are found in abundance in the Middle East and in desert areas.The latin
name of the tree is believed to have been derived from Greek Phoenix daktulos, which means purple
or red finger. In the UAE, the late Sheikh Zayed Bin Sultan Al Nahyan was the founder of the country’s
agricultural renaissance.He encouraged the people of UAE to cultivate dates beyond the borders of the
oasis where they traditionally grew dates, which played a great role in the flourishing dates throughout
the nation. This great achievement turned the desert into an abundant paradise for its dwellers; UAE
today brings this ancient super fruit to a new global market, which made the UAE the leader of date’s
cultivation in the world. From dates, a variety of food products are made.

Dates are rich in sugar which consists of two isomeric carbohydrates-Glucose (Molecular Formula
CgH,,04) and Fructose (Molecular Formula CyH,,0;). Glucose is the most important source of energy
in all organisms.

Glucose contains an aldehyde group (—CHO) and hence is an aldose. Fructose contains a keto group
(—C = 0) and hence is a ketose. Glucose can be quantitatively oxidized to Gluconic acid (CgH,,0,) by
iodine in alkaline medium.This enables the estimation of Glucose in presence by Fructose.

Date syrup is treated with iodine solution in the presence of Na,COssolution.

2Na2C03 (aq) +12 (aq) +H20 (l) — NGI (aq) + NGOI (aq) + ZNGHCOg (aq)

Glucose + Sodiumhypolodite — SodiumGluconate + Sodiumlodide
Glucose: Sodium hypoiodite = 1:1

The iodate (I) (hypoiodite) is converted back to iodine after adding acid.
Nalaq) + NalOaq) + 2HClaq) — I,(,q) + H,0aq) + 2NaClaq)

On the completion of the oxidation, the excess iodine is back titrated against Na,S,04 solution using
starch as an indicator.
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Iy (ag) +2NayS8503 (4 —> NayS,0q (4q) +2Nal (4, (In acidic medium)

You are supplied with the following:

Chemicals Labeled as Quantity Supplied
Date Syrup Date Syrup Sample | Supplied in Plastic Container
Iodine solution in a closed bottle Iodine 100 mL

0.10 M Na,S,04in a beaker 0.10 MNa, 5,04 150 mL

15% Na,CO4 in a beaker 15% Na,CO4 50 mL

2M HClin a beaker 2M HCl 100 mL
Starch Starch Indicator 15 mL in Falcon Tube
Distilled Water Distilled Water 1000 mL in a bottle
Apparatus Labeled as Quantity supplied
25 mL burette on stand B, 1

10 mL volumetric pipettes P, Py 2

Pipette fillers 2

250 mL Glass stoppered bottles 3

150 mL conical flasks C, to Cy 3

Funnel 1

100 mL Volumetric flask v, 1

10 mL measuring cylinder 1

Wash bottle with distilled water 1

Dropper 1

Beaker 150mL 1

* 10 mL measuring cylinder is to be used for 15% Sodium Carbonate, 2M HCI and starch indica-
tor. Make sure that you wash it before every use.

* Feel free to use beakers, conical flasks and funnels that are available in your laboratory that
fit with the experimental requirements, if necessary.

Procedure

i)Standardization of Iodine solution
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1. Rinse burette B, with 3to 5 mL of 0.1 M Na,5,04

2. Fill burette B, with 0.1 M Na,S,05using a funnel.

Note down the initial burette reading in Observation Table 1 in the answer sheet provided to you.
3. Using pipette P,take exactly 10 mL iodine solution in a 150 mL conical flask C;.

4. Using measuring cylinder add approximately 20mL of distilled water to the Iodine solution taken.

5. Titrate the iodine solution against 0.1M Na,S,0, from burette B, till a yellowish or light brown colour
appears.

6. Add 2 mL of starch indicator using 10 mL measuring cylinder , the solution turns blue, and continue
to titrate. The endpoint is colour change from blue to colourless.

7. Repeat the titration twice using conical flasks C,. and C;.

21 Record your titration readings in Observation Table 1 and note down the (3.0pt)
burette reading.

2.2 Calculate the molarity of Iodine solution. (0.5pt)

ii) Estimation of Glucose in Date Syrup
1. Using a funnel fill burette B, with 0.1M Na,S,0;.

2. Note down the initial burette reading in Observation Table 2 in the answer sheet provided to
you.

3. Dissolve the date syrup supplied in the plastic container with warm distilled water. Transfer the solu-
tion quantitatively in the 100 mL volumetric flask V, and dilute with distilled water up to the mark using
dropper. (You can use funnel to transfer the glucose solution.)

4. Insert the stopper and shake the solution to homogenise it. Transfer the homogenised solution to a
correctly labelled 150 mL beaker.

5. Using pipette P, take exactly 10 mL of the homogenised solution in a 250 mL glass stoppered bottle.

6. Using a 10 mL measuring cylinder, add approximately 10 mL of 15% Na,CO4 solution and add exactly
10 mL Iodine solution using pipette P;.

7. Stopper the bottle and keep aside in the dark for about 30 minutes. Repeat Steps 5 and 6 using
two other 250 mL glass stopper bottles and keep them aside in the dark for about 30 mins each.

8. After 30 minutes, add 10 mL of 2M HC1 using measuring cylinder, stopper the bottle and shake well
(Iodine will liberate).

9. Add Na,S,05 drop wise from the burette B, till a light yellowish / light brown colour appears and
then add 2 mL of starch solution indicator (dark blue colour will be obtained) using a 10 mL measuring
cylinder and continue to titrate.

10. The endpoint is colour change from dark blue to colourless.

11. Repeat the titration twice.
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[2 (aq) + 2NCL25203 (aq) — NCLQS4O6 (aq) + 2Nal (aq)

2.3 Record your titration readings in Observation Table 2 and note down the (3.0pt)
burette reading.

Molar mass of Glucose=180 g/ mol

Ask for the mass of Date syrup given to you m(g)=........ccecceeruercrucrsunncnns g.
Observations

1.Calculate the number moles of Iodine solution added to 10 mL date syrup

3. Calculate the number of moles of Iodine used up for oxidation of 10 mL date syrup

»

. Calculate the total number of moles Iodine used up for the oxidation of the given date syrup

the number of moles of Iodine =............cccoevvveverrvvnneeennn. moles
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24 Calculations (1.5pt)

Determine a) the number of moles b) mass c) percentage of Glucose present in
the given date syrup sample.
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OppehuBame cagprkaja rnykose y y3opky cupyna og ypme (8
noeHa)

MpouuTajTe onwTa ynyTcTBa y noce6Hoj KOBEPTU Npe Hero LUTO NoOYHeTe Aa pellaBaTe 0Baj 3a4-
aTak.

YpmuHe nanme (Phoenix dactlylifera) ce Hanaze y n306usmsy Ha BAMCKOM UCTOKY 1y NoApydjyMa MyCTUHba.
CmaTpa ce Aa NaTUHCKO MMe OBOT ApBeTa NoTuYe 04, rpUKmnX peun Phoenix daktulos, uToy npesoay 3Ha4un
Jbybu4acTn Unu upseHn npct. Y YAE, npeMuHynu weuk 3ajes bun CyntaH An HaxjaH je 6uo nokpeTay
nosbonpuepesHe 06HoBe 3eMsbe. OH je oxpabpuro cTaHoBHKIKe YAE fia y3rajajy ypMe 13BaH rpaHuua oasa
rae cy TpaAnLMOHANHO y3rajany ypMe, LUTO je NpeAcTaB/basio 3Havaj Kopak 3a npougar y3roja ypmu. OBo
Be/INKO NOCTUrHyhe NpeTBOpUO je NyCcTUkY y 6oraTu paj 3a HUXoBO CTaHOBHMKe. YAE cy TMe goHenun
ApeBHO cynep Bohe Ha HOBO CBETCKO TPXMLUTE JaHallkbuLe 1 TUMe cy nocTurnv ga YAE noctaHy Bogehu
y3rajuauyu ypMu Ha ceeTy. OJ ypMU ce npaBe pasnnyumnT npexpambeHmn Npon3Bogu.

Cnuka

YpMme cy b6oraTte wehepoM 1 cagpxe jBa M30MepHa Yr/beHO-XxngpaTta, rnykosy (Mosekyncka ¢opmyna
CsH,1504) N pyKkTO3Yy (MONekyncka ¢opmyna CgqH,,04). [NyKo3a npeacras/ba 3Ha4ajaH N3BOP eHepruje
y CBUM OpraHusmmma.

Fnyko3a cagpxu angexugny rpyny (—C HO) n 360r Tora je ango3sa. Ppykrosa cagpxu keto rpyny (—C = O)
1 360r TOra je Keto3a. [Nyko3a ce MoXe KBaHTUTaTMBHO OKCUAOBATU Y FYKOHCKY KucenuHy (CsH,,07) Yy
asikanHoj cpeanHu nomohy joga. OBo oMoryhaBsa npoueHy rinykose y npucycTey ¢ppykrose.

Cuipyn o ypMe ce TpeTupa pacTBoOpoM joga y npucycTey pactsopa Na,COs;.

2NCL2CO3 (aq) +12 (aq) —|—H20 (1) — Nal (aq) + NaOI (aq) + 2NGHCO3 (aq)

+ — +
Inykosa: Hatpujym xunojogut = 1:1

Joaat (I) (xvnojoAnT) ce HaKOH AoZaBaHa Ku1cesrHe NMoHOBO NpeTsapa y jos.
Nalaq) + NalOaq) + 2HCliaq) — Iy(,9) + Hy0(aq) +2NaClaq)
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Mo 3aBpLUETKY OKCUAALMje, BULLIAK joda ce TUTpMpa pacTBopoM Na,S,0, y3 kKopuwhere ckpoba Kao

MHANKATOpPa.

[2 ((Lq) + QNCLQSQOS ((Lq) — Na25406

Ha pacnonarawy nmarte cnepehe:

(aq) +2Nal (4 (Y KNCENO] CPEANHN)

Xemukanuje O3HauyeHo Kao AocTynHa Ko/iInunHa
Cypyn oa ypmu Y3o0pak cupyna ypMmn | Hanaswm ce y ninactmyHoj 6oum
pacTBop joaa y 3aTBOpeHOj 6oLu joa 100 mL

0.10 M Na,S,04 y nabopaTopujckoj YaLum 0.10 MNa, 5,04 150 mL

15% Na,CO4 y NabopaTopmjcKoj YaLum 15% Nay,CO4 50 mL

2M HCly nabopaTopunjcKoj YaLum 2M HCl 100 mL

Ckpob

NHankaTop ckpoba

15 mLy Falcon enpyBseTtu

JectnnoBaHa Boga

JecTtnnoBaHa Boja

1000 mL y 6oum

10 mL meH3ypa

6oLie 3a Mcnunparbe ca A4ecTUioBaHOM BOAOM

KarasbKa

NabopaTopujcka yawa oz 150mL

MNpwn6op O3HauyeHa Kao JAocTynHa Ko/IMumHa
25 mL 6upeTa Ha cTanky B, 1
nunete 3anpemunHe 10 mL Pi, Py 2
nykaum nuneta 2
6oue o 250 mL cTakieHM YenoBMMa 3
150 mL KoHycCHe (epneHMajepoBe) 6oue C, po C; 3
neBak 1
6oua 3anpemuHe 100 mL (TukBmua) A 1
1
1
1
1

* 10 mL meH3ypa ce kopuctu 3a 15% HaTpujym Kap6oHaT, 2M HCl n 3a uHankKaTop ckpoba.
O6paTuTe NaXkKiy Aa MeH3ypy Tpe6a Aa onepeTe npe ceBake ynortpeé6e.

* AKo je noTpe6HO, c/10604HO KOPUCTUTE Yallle, epsieHMajepoBe 6oLe U IeBKe Koju Cy A0CTYn-
HW y BaLloj 1abopaTopuju U Koju oarosapajy eKCnepuMmeHTa/slHUM 3axTeBUMa.
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Mpoueaypa

i) CraHpapansaymja pacteopa joga

1. Ncnepute 6upety B, ca 3 go 5 mL pacteopa 0.1 M Na,S5,04
2. HanyHwuTe 6upety B, ca 0.1 M Na,S,0, kopuctehn nesak.

3a6eneXxnTte No4YeTHO oUMTaBake Ha 6upeTn y Tabenu 1 (Observation Table 1) Ha nucTy 3a oaro-
BOpe KOju BaM je aar.

3. Kopuctehu nunety P, goaajte TauHo 10 mL pacTtBopa joaa y KoHycHy 6ouy C; og 150 mL.
4. Y3 nomoh meH3ype goaajte npnbamxHo 20mL gectnnoBaHe Boje y pacTBop joja.

5. Tutpupajte pacteop joga ca 0.1M Na,S,0, 13 bupeTe B, A0oK ce He nojasu Xyhkacta nam ceetio cMeha
60ja.

6. loaajte 2 mL vHankaTopa ckpoba kopmctehin 10 mL MeH3ypy, pacTBOp Taga nocTaje naas 1 HacTaB/ba-
Te TUTpauujy. TuTpauwjy HacTaB/baTe A0 KpajHe Tauke Tj. NpoMeHa 6oje 13 nnaee y 6e360jHy.

7. MoHoBUTe TUTpaLWjy joww asanyT kopucTehun koHycHe 6oumnue Cy 1 Cs.

2.1 3abenexxuTe oumMTaBama ca 6upete 3a TUTpaunjy y tabeny 1 (Observation  (3.0pt)
Table 1).
2.2 N3pauyHajTe MonapHy KOHL,eHTpauujy joaa y pacteopy. (0.5pt)

ii) OgpehuBamwe rnykose y cupyny oa ypme

1. Kopuctehu neBak HanyHuTe 6upeTy B, ca 0.1M Na,S50;.

2. 3abenexxnTe NOYETHO oUunTaBake Ha 6upeTmn y Tabeny 2 (Observation Table 2) y nucty 3a ogro-
BOpe Koju BaM je AarT.

3. PacTBopuTe crpyn oA YpMU KOju ce Haniaswn y NnacTnuyHoj 6oum kopmuctehu Tonay AecTUaoBaHy Bogy.
JobnjeHn pactBop npeHecuTe y 6ounuy V,; 3anpemumHe og 100 mL v pasbnaxuTe ra ca 4ecTMnoBaHOM
BOAOM KopucTehu kanasbky A0 HMBOA KOju je 03Ha4eH. (MoxeTe KOPUCTUTM NieBak 3a NMpeHoLLeHe pac-
TBOpa raykose.)

4. CTtaBuTe Yen 1 NaX/bMBO NPOTPecHTe pacTBop Ja ce XoMmoreHusyje. MpebaLuTe XoMOreH30BaHW pac-
TBOpP y nabopartopmjcky Yally 3anpemuHe 150 mL.

5. Kopuctehun nunety P, gojajTe TauHo 10 mL xoMoreHn3oBaHoOr pactBopay 60Uy ca CTak/ieHUM Yernom
3anpemMuHe 250 mL.

6. Kopuctehun meH3ypy og 10 mL, gogajte npubnmxHo 10 mL 15% pactBopa Na,CO5 1 Takohe gogajte
TayHo 10 mL pactBopa joga kopuctehun nunety P, .

7.3aTBOpUTE 6oLy N Ap>XKUTE je HA TaMHOM MecTy oko 30 MMHYTa. [ToHOBUTe Kopake 5 1 6 kopuctehn
Apyre Ase 6oue 3anpemuHe 250 mL ca cTakneHVM YenoMm 1 CBaky ApXUTe Ha TaMHOM oko 30 MUHyTa.

8. Mocne 30 MuHyTa, Kopuctehi meHsypy goaajte 10 mL2M HCI1, na 3auenuTe 60Uy 1 Nax/bUBO U J06p0
je npoTtpecuTe (ocnoboguhe ce joa).
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9. fopajte Na,S,04 Kan no kan ns bupete B, AOK ce He NojaBu CBeT/0 XyhkacTa-cBeTno cmeha 6oja n
noTtom kopuctehun meHsypy og 10 mL gogajte 2 mL pactBopa nHamkatopa ckpoba (nojasmhe ce TamHo-
nnaea 60ja) N HacTaBUTe Ca TUTPUPaHEM.

10. Kpajrba Tauka je npoMeHa 60je n3 TaMHO naase y 6e360jHy.
11. MoHoBWUTe joLl ABaNyT TUTPaUWjy.

Iy (aq) +2NayS505 (4q) —> NayS,0q¢ (4 +2Nal (4

23 3ab6enexxuTe pesyntaTe ouMTaBaka ca 6upeTte 3a TUTpaunjy y Tabeny 2 (3.0pt)
(Observation Table 2).

MonapHa maca rnyko3e=180 g/ mol

3anuwnTe mMacy cumpyna of, YpMM Kojy €Te A06MIN M(G)=......covvervruerseceraencnnens g.
3ana)kamwa
1. 3payyHajTe 6poj monoBa pacTtBopa joga gogator y 10 mL cypyna og ypmu

2. 3pauyyHajTe 6poj MonoBa joaa Koju ocTaje HemckopuwheH (HenspearoBaH) nocne okcupauumje
rnykose =

3. UspauyHajte 6poj monoBa joga kopuwheHor 3a okcupgauunjy 10 mL cupyna og ypmu

4. N3pauyHajTe yKynaH 6poj mosioBa joaa kopuwheHor 3a okcupaumjy agator cmpyna og ypmm
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OapeauTe a) KONNUKMHY CyrncTaHLe Tj. 6poj MonoBa b) macy ¢) npoueHart rnykose
NpuCcyTaH y aToM Y30pKy cupyna of ypme.
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Determination of the Glucose Content of Date Syrup Sample
( 8 Marks)

Please read the general instructions before you start this problem.

Date palms (Phoenix dactlylifera)are found in abundance in the Middle East and in desert areas.The latin
name of the tree is believed to have been derived from Greek Phoenix daktulos, which means purple
or red finger. In the UAE, the late Sheikh Zayed Bin Sultan Al Nahyan was the founder of the country’s
agricultural renaissance.He encouraged the people of UAE to cultivate dates beyond the borders of the
oasis where they traditionally grew dates, which played a great role in the flourishing dates throughout
the nation. This great achievement turned the desert into an abundant paradise for its dwellers; UAE
today brings this ancient super fruit to a new global market, which made the UAE the leader of date’s
cultivation in the world. From dates, a variety of food products are made.

Dates are rich in sugar which consists of two isomeric carbohydrates-Glucose (Molecular Formula
CgH,,04) and Fructose (Molecular Formula CyH,,0;). Glucose is the most important source of energy
in all organisms.

Glucose contains an aldehyde group (—CHO) and hence is an aldose. Fructose contains a keto group
(—C = 0) and hence is a ketose. Glucose can be quantitatively oxidized to Gluconic acid (CgH,,0,) by
iodine in alkaline medium.This enables the estimation of Glucose in presence by Fructose.

Date syrup is treated with iodine solution in the presence of Na,COssolution.

2Na2C03 (aq) +12 (aq) +H20 (l) — NGI (aq) + NGOI (aq) + ZNGHCOg (aq)

Glucose + Sodiumhypolodite — SodiumGluconate + Sodiumlodide
Glucose: Sodium hypoiodite = 1:1

The iodate (I) (hypoiodite) is converted back to iodine after adding acid.
Nalaq) + NalOaq) + 2HClaq) — I,(,q) + H,0aq) + 2NaClaq)

On the completion of the oxidation, the excess iodine is back titrated against Na,S,04 solution using
starch as an indicator.
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Iy (ag) +2NayS8503 (4 —> NayS,0q (4q) +2Nal (4, (In acidic medium)

You are supplied with the following:

Chemicals Labeled as Quantity Supplied
Date Syrup Date Syrup Sample | Supplied in Plastic Container
Iodine solution in a closed bottle Iodine 100 mL

0.10 M Na,S,04in a beaker 0.10 MNa, 5,04 150 mL

15% Na,CO4 in a beaker 15% Na,CO4 50 mL

2M HClin a beaker 2M HCl 100 mL
Starch Starch Indicator 15 mL in Falcon Tube
Distilled Water Distilled Water 1000 mL in a bottle
Apparatus Labeled as Quantity supplied
25 mL burette on stand B, 1

10 mL volumetric pipettes P, Py 2

Pipette fillers 2

250 mL Glass stoppered bottles 3

150 mL conical flasks C, to Cy 3

Funnel 1

100 mL Volumetric flask v, 1

10 mL measuring cylinder 1

Wash bottle with distilled water 1

Dropper 1

Beaker 150mL 1

* 10 mL measuring cylinder is to be used for 15% Sodium Carbonate, 2M HCI and starch indica-
tor. Make sure that you wash it before every use.

* Feel free to use beakers, conical flasks and funnels that are available in your laboratory that
fit with the experimental requirements, if necessary.

Procedure

i)Standardization of Iodine solution
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1. Rinse burette B, with 3to 5 mL of 0.1 M Na,5,04

2. Fill burette B, with 0.1 M Na,S,05using a funnel.

Note down the initial burette reading in Observation Table 1 in the answer sheet provided to you.
3. Using pipette P,take exactly 10 mL iodine solution in a 150 mL conical flask C;.

4. Using measuring cylinder add approximately 20mL of distilled water to the Iodine solution taken.

5. Titrate the iodine solution against 0.1M Na,S,0, from burette B, till a yellowish or light brown colour
appears.

6. Add 2 mL of starch indicator using 10 mL measuring cylinder , the solution turns blue, and continue
to titrate. The endpoint is colour change from blue to colourless.

7. Repeat the titration twice using conical flasks C,. and C;.

21 Record your titration readings in Observation Table 1 and note down the (3.0pt)
burette reading.

2.2 Calculate the molarity of Iodine solution. (0.5pt)

ii) Estimation of Glucose in Date Syrup
1. Using a funnel fill burette B, with 0.1M Na,S,0;.

2. Note down the initial burette reading in Observation Table 2 in the answer sheet provided to
you.

3. Dissolve the date syrup supplied in the plastic container with warm distilled water. Transfer the solu-
tion quantitatively in the 100 mL volumetric flask V, and dilute with distilled water up to the mark using
dropper. (You can use funnel to transfer the glucose solution.)

4. Insert the stopper and shake the solution to homogenise it. Transfer the homogenised solution to a
correctly labelled 150 mL beaker.

5. Using pipette P, take exactly 10 mL of the homogenised solution in a 250 mL glass stoppered bottle.

6. Using a 10 mL measuring cylinder, add approximately 10 mL of 15% Na,CO4 solution and add exactly
10 mL Iodine solution using pipette P;.

7. Stopper the bottle and keep aside in the dark for about 30 minutes. Repeat Steps 5 and 6 using
two other 250 mL glass stopper bottles and keep them aside in the dark for about 30 mins each.

8. After 30 minutes, add 10 mL of 2M HC1 using measuring cylinder, stopper the bottle and shake well
(Iodine will liberate).

9. Add Na,S,05 drop wise from the burette B, till a light yellowish / light brown colour appears and
then add 2 mL of starch solution indicator (dark blue colour will be obtained) using a 10 mL measuring
cylinder and continue to titrate.

10. The endpoint is colour change from dark blue to colourless.

11. Repeat the titration twice.
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[2 (aq) + 2NCL25203 (aq) — NCLQS4O6 (aq) + 2Nal (aq)

2.3 Record your titration readings in Observation Table 2 and note down the (3.0pt)
burette reading.

Molar mass of Glucose=180 g/ mol

Ask for the mass of Date syrup given to you m(g)=........ccecceeruercrucrsunncnns g.
Observations

1.Calculate the number moles of Iodine solution added to 10 mL date syrup

3. Calculate the number of moles of Iodine used up for oxidation of 10 mL date syrup

»

. Calculate the total number of moles Iodine used up for the oxidation of the given date syrup

the number of moles of Iodine =............cccoevvveverrvvnneeennn. moles
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24 Calculations (1.5pt)

Determine a) the number of moles b) mass c) percentage of Glucose present in
the given date syrup sample.
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OppehuBame cagprkaja rnykose y y3opky cupyna og ypme (8
noeHa)

MpouuTajTe onwTa ynyTcTBa y noce6Hoj KOBEPTU Npe Hero LUTO NoOYHeTe Aa pellaBaTe 0Baj 3a4-
aTak.

YpmuHe nanme (Phoenix dactlylifera) ce Hanaze y n306usmsy Ha BAMCKOM UCTOKY 1y NoApydjyMa MyCTUHba.
CmaTpa ce Aa NaTUHCKO MMe OBOT ApBeTa NoTuYe 04, rpUKmnX peun Phoenix daktulos, uToy npesoay 3Ha4un
Jbybu4acTn Unu upseHn npct. Y YAE, npeMuHynu weuk 3ajes bun CyntaH An HaxjaH je 6uo nokpeTay
nosbonpuepesHe 06HoBe 3eMsbe. OH je oxpabpuro cTaHoBHKIKe YAE fia y3rajajy ypMe 13BaH rpaHuua oasa
rae cy TpaAnLMOHANHO y3rajany ypMe, LUTO je NpeAcTaB/basio 3Havaj Kopak 3a npougar y3roja ypmu. OBo
Be/INKO NOCTUrHyhe NpeTBOpUO je NyCcTUkY y 6oraTu paj 3a HUXoBO CTaHOBHMKe. YAE cy TMe goHenun
ApeBHO cynep Bohe Ha HOBO CBETCKO TPXMLUTE JaHallkbuLe 1 TUMe cy nocTurnv ga YAE noctaHy Bogehu
y3rajuauyu ypMu Ha ceeTy. OJ ypMU ce npaBe pasnnyumnT npexpambeHmn Npon3Bogu.

Cnuka

YpMme cy b6oraTte wehepoM 1 cagpxe jBa M30MepHa Yr/beHO-XxngpaTta, rnykosy (Mosekyncka ¢opmyna
CsH,1504) N pyKkTO3Yy (MONekyncka ¢opmyna CgqH,,04). [NyKo3a npeacras/ba 3Ha4ajaH N3BOP eHepruje
y CBUM OpraHusmmma.

Fnyko3a cagpxu angexugny rpyny (—C HO) n 360r Tora je ango3sa. Ppykrosa cagpxu keto rpyny (—C = O)
1 360r TOra je Keto3a. [Nyko3a ce MoXe KBaHTUTaTMBHO OKCUAOBATU Y FYKOHCKY KucenuHy (CsH,,07) Yy
asikanHoj cpeanHu nomohy joga. OBo oMoryhaBsa npoueHy rinykose y npucycTey ¢ppykrose.

Cuipyn o ypMe ce TpeTupa pacTBoOpoM joga y npucycTey pactsopa Na,COs;.

2NCL2CO3 (aq) +12 (aq) —|—H20 (1) — Nal (aq) + NaOI (aq) + 2NGHCO3 (aq)

+ — +
Inykosa: Hatpujym xunojogut = 1:1

Joaat (I) (xvnojoAnT) ce HaKOH AoZaBaHa Ku1cesrHe NMoHOBO NpeTsapa y jos.
Nalaq) + NalOaq) + 2HCliaq) — Iy(,9) + Hy0(aq) +2NaClaq)
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Mo 3aBpLUETKY OKCUAALMje, BULLIAK joda ce TUTpMpa pacTBopoM Na,S,0, y3 kKopuwhere ckpoba Kao

MHANKATOpPa.

[2 ((Lq) + QNCLQSQOS ((Lq) — Na25406

Ha pacnonarawy nmarte cnepehe:

(aq) +2Nal (4 (Y KNCENO] CPEANHN)

Xemukanuje O3HauyeHo Kao AocTynHa Ko/iInunHa
Cypyn oa ypmu Y3o0pak cupyna ypMmn | Hanaswm ce y ninactmyHoj 6oum
pacTBop joaa y 3aTBOpeHOj 6oLu joa 100 mL

0.10 M Na,S,04 y nabopaTopujckoj YaLum 0.10 MNa, 5,04 150 mL

15% Na,CO4 y NabopaTopmjcKoj YaLum 15% Nay,CO4 50 mL

2M HCly nabopaTopunjcKoj YaLum 2M HCl 100 mL

Ckpob

NHankaTop ckpoba

15 mLy Falcon enpyBseTtu

JectnnoBaHa Boga

JecTtnnoBaHa Boja

1000 mL y 6oum

10 mL meH3ypa

6oLie 3a Mcnunparbe ca A4ecTUioBaHOM BOAOM

KarasbKa

NabopaTopujcka yawa oz 150mL

MNpwn6op O3HauyeHa Kao JAocTynHa Ko/IMumHa
25 mL 6upeTa Ha cTanky B, 1
nunete 3anpemunHe 10 mL Pi, Py 2
nykaum nuneta 2
6oue o 250 mL cTakieHM YenoBMMa 3
150 mL KoHycCHe (epneHMajepoBe) 6oue C, po C; 3
neBak 1
6oua 3anpemuHe 100 mL (TukBmua) A 1
1
1
1
1

* 10 mL meH3ypa ce kopuctu 3a 15% HaTpujym Kap6oHaT, 2M HCl n 3a uHankKaTop ckpoba.
O6paTuTe NaXkKiy Aa MeH3ypy Tpe6a Aa onepeTe npe ceBake ynortpeé6e.

* AKo je noTpe6HO, c/10604HO KOPUCTUTE Yallle, epsieHMajepoBe 6oLe U IeBKe Koju Cy A0CTYn-
HW y BaLloj 1abopaTopuju U Koju oarosapajy eKCnepuMmeHTa/slHUM 3axTeBUMa.




Experiment

IJSQ -

T SRB-S-06 E-2 Q-3

nnnnnn

Serbian (Serbia)

Mpoueaypa

i) CraHpapansaymja pacteopa joga

1. Ncnepute 6upety B, ca 3 go 5 mL pacteopa 0.1 M Na,S5,04
2. HanyHwuTe 6upety B, ca 0.1 M Na,S,0, kopuctehn nesak.

3a6eneXxnTte No4YeTHO oUMTaBake Ha 6upeTn y Tabenu 1 (Observation Table 1) Ha nucTy 3a oaro-
BOpe KOju BaM je aar.

3. Kopuctehu nunety P, goaajte TauHo 10 mL pacTtBopa joaa y KoHycHy 6ouy C; og 150 mL.
4. Y3 nomoh meH3ype goaajte npnbamxHo 20mL gectnnoBaHe Boje y pacTBop joja.

5. Tutpupajte pacteop joga ca 0.1M Na,S,0, 13 bupeTe B, A0oK ce He nojasu Xyhkacta nam ceetio cMeha
60ja.

6. loaajte 2 mL vHankaTopa ckpoba kopmctehin 10 mL MeH3ypy, pacTBOp Taga nocTaje naas 1 HacTaB/ba-
Te TUTpauujy. TuTpauwjy HacTaB/baTe A0 KpajHe Tauke Tj. NpoMeHa 6oje 13 nnaee y 6e360jHy.

7. MoHoBUTe TUTpaLWjy joww asanyT kopucTehun koHycHe 6oumnue Cy 1 Cs.

2.1 3abenexxuTe oumMTaBama ca 6upete 3a TUTpaunjy y tabeny 1 (Observation  (3.0pt)
Table 1).
2.2 N3pauyHajTe MonapHy KOHL,eHTpauujy joaa y pacteopy. (0.5pt)

ii) OgpehuBamwe rnykose y cupyny oa ypme

1. Kopuctehu neBak HanyHuTe 6upeTy B, ca 0.1M Na,S50;.

2. 3abenexxnTe NOYETHO oUunTaBake Ha 6upeTmn y Tabeny 2 (Observation Table 2) y nucty 3a ogro-
BOpe Koju BaM je AarT.

3. PacTBopuTe crpyn oA YpMU KOju ce Haniaswn y NnacTnuyHoj 6oum kopmuctehu Tonay AecTUaoBaHy Bogy.
JobnjeHn pactBop npeHecuTe y 6ounuy V,; 3anpemumHe og 100 mL v pasbnaxuTe ra ca 4ecTMnoBaHOM
BOAOM KopucTehu kanasbky A0 HMBOA KOju je 03Ha4eH. (MoxeTe KOPUCTUTM NieBak 3a NMpeHoLLeHe pac-
TBOpa raykose.)

4. CTtaBuTe Yen 1 NaX/bMBO NPOTPecHTe pacTBop Ja ce XoMmoreHusyje. MpebaLuTe XoMOreH30BaHW pac-
TBOpP y nabopartopmjcky Yally 3anpemuHe 150 mL.

5. Kopuctehun nunety P, gojajTe TauHo 10 mL xoMoreHn3oBaHoOr pactBopay 60Uy ca CTak/ieHUM Yernom
3anpemMuHe 250 mL.

6. Kopuctehun meH3ypy og 10 mL, gogajte npubnmxHo 10 mL 15% pactBopa Na,CO5 1 Takohe gogajte
TayHo 10 mL pactBopa joga kopuctehun nunety P, .

7.3aTBOpUTE 6oLy N Ap>XKUTE je HA TaMHOM MecTy oko 30 MMHYTa. [ToHOBUTe Kopake 5 1 6 kopuctehn
Apyre Ase 6oue 3anpemuHe 250 mL ca cTakneHVM YenoMm 1 CBaky ApXUTe Ha TaMHOM oko 30 MUHyTa.

8. Mocne 30 MuHyTa, Kopuctehi meHsypy goaajte 10 mL2M HCI1, na 3auenuTe 60Uy 1 Nax/bUBO U J06p0
je npoTtpecuTe (ocnoboguhe ce joa).
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9. fopajte Na,S,04 Kan no kan ns bupete B, AOK ce He NojaBu CBeT/0 XyhkacTa-cBeTno cmeha 6oja n
noTtom kopuctehun meHsypy og 10 mL gogajte 2 mL pactBopa nHamkatopa ckpoba (nojasmhe ce TamHo-
nnaea 60ja) N HacTaBUTe Ca TUTPUPaHEM.

10. Kpajrba Tauka je npoMeHa 60je n3 TaMHO naase y 6e360jHy.
11. MoHoBWUTe joLl ABaNyT TUTPaUWjy.

Iy (aq) +2NayS505 (4q) —> NayS,0q¢ (4 +2Nal (4

23 3ab6enexxuTe pesyntaTe ouMTaBaka ca 6upeTte 3a TUTpaunjy y Tabeny 2 (3.0pt)
(Observation Table 2).

MonapHa maca rnyko3e=180 g/ mol

3anuwnTe mMacy cumpyna of, YpMM Kojy €Te A06MIN M(G)=......covvervruerseceraencnnens g.
3ana)kamwa
1. 3payyHajTe 6poj monoBa pacTtBopa joga gogator y 10 mL cypyna og ypmu

2. 3pauyyHajTe 6poj MonoBa joaa Koju ocTaje HemckopuwheH (HenspearoBaH) nocne okcupauumje
rnykose =

3. UspauyHajte 6poj monoBa joga kopuwheHor 3a okcupgauunjy 10 mL cupyna og ypmu

4. N3pauyHajTe yKynaH 6poj mosioBa joaa kopuwheHor 3a okcupaumjy agator cmpyna og ypmm
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OapeauTe a) KONNUKMHY CyrncTaHLe Tj. 6poj MonoBa b) macy ¢) npoueHart rnykose
NpuCcyTaH y aToM Y30pKy cupyna of ypme.




G-SRB-1 E-3 C
Group Serbia 1

G-SRB-1 E-3 C-1
Janko Popovic SRB-S-01

Mihailo Radovanovic SRB-5-04
Ognjen Jankovic SRB-S-06

Experiment
Chemistry Q2

Cover sheet

Please return this cover sheet together with all the related question sheets.



Experiment

A3-1
R et e G-SRB-1 E-3 A-1

Serbian (Serbia)

pH TuTpaumja Kopuwhewem yHuBep3asHor MHMKaTopa (6
noeHa)

Kopuctute 1 geymmanHo MecTo npm 6enexxewy ountaBakwa Ha 6upeTu.

3.1 (1.5 pt)
Ta6ena 1 (Observation Table 1)
* oAcTynawe oA 5 % = cBU NoeHn
* oAcTtynawe of, 10 %=1 noeH
* oAcTtynawe op 10-15%= 0.5 noeHa

bpoj Tutpaumja | Tutpaumyja | TuTpauyumja
I II III

1 MoueTHO oumMTaBare Ha bupeTy mL

2 KoHauHo ouunTaBane Ha bupet mL

3 Pa3nuvka ountaBara Ha bupety mL

YKonuko bygeTte y3vManu camo jeHo ounTaBake Ha bupeTn 6poj noeHa je 0.5

3.2 (0.5 pt)
MonapHa KoHLUeHTpauuja pasénaxeHor pactsopa NaOH KopuwheHor 3a
TUTPAUMY = ..oueeerennenennnes M
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3.3 (2.5 pt)
Ta6ena 2 (Observation Table 2)

3anpemuHa pas6na>keHor

NaOH popatory mL

boja

y pacTBop

ApH

Av

ApH/AV

Tabena 2 (Observation Table 2) ce HacTaB/ba Ha cnepehoj cTpaHun
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3.3 (cont.)

3anpemMuHa pas6énaxxeHor boja pH | ApH | AV | A pH /AV

NeOH popaty mL pacTBopa
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3.4 (0.5 pt)
Mpa¢dunk 3aBucHocTm pH op 3anpemunHe poaator NaOH
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3.5 (0.5 pt)
Mpadunk 3aBucHocTm ApH/AV o 3anpemunHe pgoaator NaOH
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3.6 (0.5 pt)
EkBuBaJsieHTHa TauKa=

..................................
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pH TuTpaumja Kopuwhewem yHuBep3asHor MHMKaTopa (6
noeHa)

Kopuctute 1 geymmanHo Mecto npm 6enexxewy ountaBaka Ha 6upeTu.

3.1 (1.5 pt)
Ta6ena 1 (Observation Table 1)
* oAcTynawe oA 5 % = cBU NoeHn
* oAcTynawe of 10 %=1 noeH
* oAcTtynawe op 10-15%= 0.5 noeHa

bpoj Tutpaumja | Tutpaumyja | TuTpauumja
I II III

1 MNMoyeTHO oYMTaBake Ha bupeTn mL

2 KoHauHO ouunTaBane Ha bupetn mL

3 Pa3nuvka ountaBara Ha bupeTy mL

YKonuko bygeTte y3vManu camo jeHo ounTaBake Ha bupeTn 6poj noeHa je 0.5

3.2 (0.5 pt)
MonapHa KoHLUeHTpauunja pasénaxeHor pactsopa NaOH KopuwheHor 3a
TUTPAUMY = ..oueeerennenennnes M
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3.3 (2.5 pt)
Ta6ena 2 (Observation Table 2)

3anpemMuHa pas6naxxeHor

NaOH popatory mL

boja

y pacTBop

ApH

Av

ApH/AV

Tab6ena 2 (Observation Table 2) ce HacTaB/ba Ha cnegehoj cTpaHn
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3.3 (cont.)

3anpemMuHa pas6na)xeHor boja pH | ApH | AV | A pH /AV

NeaOH popaty mL pacTBopa
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3.4 (0.5 pt)
Mpaduk 3aBucHocTu pH of 3anpemuHe gogaTtor NaOH
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3.5 (0.5 pt)
Mpadunk 3aBucHocTm ApH/AV o 3anpemuHe pgoaator NaOH
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3.6 (0.5 pt)
EkBuBaJsieHTHa TauKa=
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pH Titration using Universal Indicator (6 marks)
Please read the general instructions before you start this problem.

An acid base indicator is a substance that changes colour depending on the pH of the solution to which it
is added. Such substances are used in solution or powder form for the determination of pH of a solution
or to detect changes in pH during acid-base titrations.

A Universal indicator is able to change colours in a wide range of pH, and is hence used to determine how
acidic or basic a solution is. Universal indicator that can be used to indicate the pH of the solution. Itis a
mixture of indicators that shows different colours at different pH values, and can be used in solution form
or as paper strips. A colour chart supplied with the indicator solution or strips enables the determination
of pH value.

pH range Description Colour

<3 Strongly acidic red

3-6 Weakly acidic orange, yellow
7 Neutral green
8-11 Weakly alkaline blue

> 11 Strongly alkaline violet

For the ease of the translations use the following color index to express the color as a letter, so it is easier
for the markers to identify.

R Red
O | Orange
Y | Yellow
G | Green
B Blue
V | Violet

In case if you ONLY have Universal indicator as strips, use the following procedure. For every suc-
cessive additions from the burette, stir the solution well, then touch the solution with a glass rod or
dropper to take a very little of the solution and put it on the indicator strip and record the color.
Repeat this until the end of the titration.

Warning: This procedure is written so that error in using pH strips is minimised. However, it will
have an important error compared to the use of an indicator solution.

In this experiment, the equivalence point of an acid-base titration will be determined using Universal
indicator to determine pH during the titration of weak acid with strong base.

You are supplied with the following:
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Apparatus Labelled as Quantity supplied
1 10 mL pipettes Ps.P,.P5 and Pg 4
2 25 mL burette B, 1
3 | 100 mL volumetric flasks Vy VeV, 3
4 250 mL beaker 1
5 150 mL conical flasks C. C; 2
6 Funnel 1
7 Indicator bottles 2
8 Dropper* 1
* Use Dropper from Q-2
Chemicals Labelled as Quantity supplied

0.1M Succinic acid

0.1M Succinic acid

100 mL in a beaker

0.TM NaOH (approx)

0.1TM NaOH (approx)

100 mL in a beaker

Weak acid solution

Weak acid

In 100 mL volumetric flask V,

Universal indicator solution

Universal indicator with colour chart

In indicator bottle

Phenolphthalein indicator

Phenolphthalein

In indicator bottle

Distilled water

Distilled water

1000 mL in a bottle

* Feel free to use beakers, conical flasks and funnels that are available in your laboratory that
fit with the experimental requirements, if necessary.

Procedure
1. Preparation of 100 mL of 0.01 M Succinic acid solution.

Using pipette P, take 10 mL of the supplied 0.1 M succinic acid solution in volumetric flask V, and dilute
up to the mark using distilled water.

2. Standardisation of the diluted NaOH solution.

1. Using pipette P, take 10 mL of the supplied 0.1 M(approx) NaOH solution in volumetric flask V5 and
dilute up to the mark using distilled water.

2. Rinse burette B, with 3-5 mL of diluted NaOH.
3. Using a funnel fill the burette with diluted NaOH .
Note down the initial reading in Observation Table 1 in the answer sheet provided to you.

4. Using pipette P, take 10 mL of 0.01M Succinic acid solution in the conical flask C,and add 2 drops
phenolphthalein indicator.

5. Titrate the solution against the diluted NaOH till a faint pink colour persists.

6. Repeat the titration until you get three reasonable readings.
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3.1 Record your titration readings in Observation Table 1. Note down theread- (1.5pt)
ing.
3.2 Molarity of NaOH solution used in titration = .................... M (0.5pt)

3. Titration of weak acid with strong base
1. Using a funnel fill burette B, with diluted NaOH
2. Dilute the weak acid solution supplied in volumetric flask V,to 100 mL using distilled water.

3. Using pipette P4 take10 mL of the diluted weak acid solution in a conical flask C;and add 4 drops
Universal indicator.

In this titration, diluted NaOH is added in instalments to the weak acid solution. After the addition of
each instalment of diluted NaOH, record the colour of the solution, and pH from the chart supplied to
you.

Put down pH value only when exact colour match is seen. If the colour is intermediate between
colours in the chart, write down the pH range.

4. Add the burette solution in instalments of 0.5 mL each till the colour of the solution changes to purple.
Thereafter take four more readings adding instalments of 0.5 mL each.

33 Record your observations in Observation Table 2 in the answer sheet pro- (2.5pt)
vided to you.

34 Plot a graph of pH vs volume of diluted NcOH and determine the 5 mL (0.5pt)
range of the equivalence point.

3.5 Find ApH for every successive change in volume (0.5mL) and then plot a (0.5pt)
graph of ApH/AV vs volume of diluted NcOH only in the range identified in
3.4 above

3.6 Determine the equivalence point from the data above. (0.5pt)
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pH TuTpaumja Kopuwhewem yHuBep3asHor MHMKaTopa (6
noeHa)

Ma>x/bMBO NPOUMTAjTe OMNLUTA YNYTCTBA Npe Hero LWTOo NoYHeTe Aa pellaBaTe 3ajaTak.

MHankaTop kmcenmHcke b6ase je cyncraHua Koja Mewa 60jy y 3aBUCHOCTM o4 pH BpeaHOCTM pacTBopa
y Koju je gogat. TakBe cyrncTaHLe ce Kopucte y 06anKy pactBopa wam npaxa y ummwy ogpehueara pH
BPeAHOCTY pacTBOpa UM 3@ OTKPMBaHE HacTaanx NpomeHa pH TOKOM K1ceno-6asHux Tutpaumja.

YHuBep3aaHN NHANKATOP je y CTakby Aa NpoMeHu 60jy 3a LUMPOKKM orncer pH v cTora ce KOpUCTY 3a NoKa-
31BaH-e KOINKO je pacTBop Kucen nimn 6asaH. YHMBep3anaHu NHAMKATOP Ce MOXe KOPUCTUTY 3a oapenn-
Bahe pH BpeaHoOCTM pacTBopa. NpeacTaB/ba MeLLaBUHY MHAVKATOPAa KOju NoKasyjy pasnndmnTe 6oje npu
pasnnynTM pH BpeaHOCTMMA, a MOXe Ce KOPUCTUTW Y 061Ky pacTBOpa UAK Y OBAMKY NanupHUX Tpaka.
Tabena 60ja Koja je NpUAOXKeEHa y3 MHANKATOPCKX PacTBOP NN MHAMKATOPCKe Tpake omoryhasa nakiue
ogpehuBare pH BpegHoOCTW.

pH oncer Oonwuc boja

<3 jako kucena upBeHa

3-6 cnabo Kucena | HapaHLiacTa, XyTa
7 HeyTpasnHa 3e/eHa
8-11 cnabo ankanHa niaasa

> 11 jako ankanHa Jbybuyacrta

Pagun nakwer nperneja 3agataka kopuctute cnegehun nHaekc 6oja kako 6ucte 60jy o6enexmnnv camo
C/IOBOM.

LipBeHa
HapaHLlacTa

XyTta

3eneHa
MnaBa

</ <|O|l=™

Jbybunuacta

Y cnyyajy ga umate CAMO yHMBep3anHN NHANKATOP y BUAY Tpaka, KopuctuTe ciegehy npouenypy.
3a cBaKo y3acToMHO JoAaBakse 13 bupeTe, A06PO NpoMeLLajTe pacTBop, 3aTUM JOANPHUTE PacTBOpP
cTakneHnm wranvhem nam kanaskoMm Aa 61cTe y3eny Beoma Mano pacteopa 1 CTaBUAW ra Ha Tpaky
nHanKaTopa v 3ebenexunnn 60jy.

MNoHoBWTe OBO A0 Kpaja TUTpauuje.

Ynosopewe: OBa npouesypa je HanmcaHa Tako ja ce rpewuka kopuwhera pH Tpaka ceege Ha Mu-
HUMYM. MeRQyTum, y nopehery ca ynoTpebom MHAMKATOPCKOr pacTBopa rpelka ogpehrBamsa je
3Ha4vajHa.

Y 0BOM eKCMepuMEHTY, 3aBpLUHA (eKBMBaNEHTHA) Tauka KMCennHcko-6a3He Tntpaunje buhe ogpeheHa
KopuLheHeM yHMBEP3aNHOT MHANKATOPa HaMereHor 3a ogpefnBare pH BpeAHOCTM TOKOM TUTpauuje
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cnabe KncenmHe ca jakom 6asom.

Ha pacnonarawy Bam je cnepehe:

MNpu6op O3HaueH Kao | flocTynHa KoIMYUnHa
1 10 mL nunerte P3P, Ps 1 Pg 4
2 25 mL 6upeTta B, 1
3 6oua (TrkBuLa) 3anpemMmHe 100 mL Vo, VsV, 3
4 NabopaTopujcka yawa og 250 mL 1
5 | 150 mL koHycHe (epnieHMajepoBe) 6oue C. G 2
6 NieBak 1
7 nHaMKaTopcke 6oue 2
8 Kanaska* 1

* Kopnctute kanassky 13 3agatka Q-2.

Xemukanuje

O3HaueHe Kao

AOCTyn Ha KOoJZin4l

0.1M hunmbapHa (CyKLMHCKa) KNCennHa

0.1M hnnmnbapHa (CyKLUMHCKa) KncennHa

100 mL y vawwm

0.1M NaOH (npn6anxHo)

0.1M NaOH (npnbanXHO)

100 mL y yawwm

pactBop cnabe kucennHe

cnaba KucesnmHa

y 6oum 3anpemMumHa 10(

YHMBEP3a/THN NHANKATOPCKW pPacTBOpP

YHMBEpP3aJIHV MHAVKATOP ca Anjarpamom 6o0ja

Yy NHAMKATOPCKOj 6

nHAMKaTop GeHondTanenH

deHonpTanenH

Y MHANKaTOPCKO] 61

JectnnoBaHa Boaa

JlectunosaHa Boja

1000 mLy 6ouy

* AKo je noTpe6HO, c/10604HO KOPUCTUTE Yallle, epJieHMajepoBe 6oLie U IeBKe Koju Cy A0CTYn-

HW y Bawloj nabopaTtopunjn n Koju oarosapajy eKcnepyMeHTa/lHNM 3axXxTeBMMa.

Mpoueaypa

1. Mpunpema 100 mL 0.01 M pacTtBopa hunmbapHe KncenvHe.

Kopunwherem nunete P, gogajte 10 mL gator pacteopa 0.1 M hunnbapHe kucennHe y 6ouy V, n cu-
najyhun gectmnoBaHy BoAy pa3bnaxure ra o Ha3HayeHe O3Hake.

2. CtaHgapamsaumja pasébnaxkeHor pactesopa NaOH .

1. Kopucrehun nunety P, goaajte 10 mL gator pactsopa koHueHTpaumje 0.1 M(NpnbavxHo) NaOH y
6ouy V; 1 cunajyhu gectnnoBaHy Body pa3bnaxure ra Ao Ha3HayeHe o3Hake.

2. VicnepuTe 6upety B, ca 3-5 mL pasbnaxeHor NaOH.

3. Kopuctehu neBak HanyHUTe 6upeTy ca pasbnaxeHnm NaOH .

3a6enexxnTte noyeTHo ounTaBakwe y Tabeny 1 (Observation Table 1) y nucty 3a oarosope Kojy Bam

je par.

4. Kopuctehu nunety P; gogajte 10 mL pactsopa 0.01M hunnnbapHe KncenmHe y KOHycHy (epieHmajep)
6ouy C, n gogajTe 2 kan/buLe nHAMKaTopa deHondTanemHa.
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5. Tutpupajte pacteBop nomohy pasbnaxeHor NaOH cBe [0 NOCTOjaHe pyxu4yacTe 6oje.

6. MoHaBsbajTe TUTPaUWjy AOK He fo6ujeTe TpW 3a40BosbaBajyha pesynTtaTa.

3.1 HakoH TuTpauuje 3abenexmte oumTaBawa ca 6upete y Tabeny 1 (1.5pt)
(Observation Table 1).

3.2 MonapHa KoHUeHTpauuja pacteopa NaOH Koja je kopnwheHay Tutpaun-  (0.5pt)
M

3. Titration of weak acid with strong base
1. KopuwhereMm neBka HanyHUTe bupety B, ca pasbnaxeHnm NaOH
2. CvnameM gecTunioBaHe Boje pasbnaxmte pacTsop cnabe kucenmHe y 6oumun V, go 100 mL .

3. Kopucrehu nunety Py goaajte 10 mL pactsopa pasbnaxeHe cnabe KncenmHe y KOHycHy (epneHmajep)
6ouy C; 1 gojajTe 4 Kan/byLe yHNBEP3aJHOr MHAMKaTopa.

Y oBOj TUTpaumju pasbnaxeHn NaOH ce foaajey "nopumjama”y pactsop cnabe kucenvHe. Nocne goga-
Bahba CBake "nopuuje” pasbnaxeHor NaOH, 3abenexuTte 60jy pacTBopa 1 pH ca gnjarpama Kju Bam je
Aar.

3anuwunTte pH BpegHOCT camMo Kaja ce BUAW Ta4yHO nogyaapawe 6oje. AKo je 6oja nsmehy 6oja
HaBeAeHUX y Tabenun, 3a6enexxnte pH oncer.

4. lopajte pacTBop 13 bupeTey jegHakmm "nopumjama” og 0.5 mL cBe Aok ce 60ja pacTBOpa He MPOMEHM
y /bybuyacTty. HakoH Tora nsspLumTe jol YeTmpm ounTaBarba gogajyhum jegHake "nopuuje” og no 0.5 mL.

3.3 3anuwunTe Balla 3anaxamwa y Taéeny 2 (Observation Table 2) Ha nucty 3a  (2.5pt)
oAroBope Koju BaMm je gar.

34 HaupTajte rpa¢puk 3aBmncHocTn pH oa 3anpemuHe pas6énaxeHor NaOH n  (0.5pt)
oApeawvTe 3aBpLUHY (eKBUBaNEHTHY) TauKy TUTpauuje y oncery oa 5 mL.

35 OapepuTte ApH 3a cBaKy CyKL,eCMBHY NPOMeHY 3anpemMuHe "nopuuje” og  (0.5pt)
(0.5mL) u HaupTajTe rpadpuk 3aBucHocTm ApH/AV op 3anpemMunHe pasbna-
»KeHor NaOH camo y oncery o3Ha4eHOM y 3aAaTKy n3Haa Tj. 3.4.
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3.6 Ha ocHOBYy nogaTaka HaBeAeHUX NU3HaA oapeanTe 3aBpLUHY (ekBuBaneHT-  (0.5pt)
HY) TauKy TUTpauumje.
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pH Titration using Universal Indicator (6 marks)
Please read the general instructions before you start this problem.

An acid base indicator is a substance that changes colour depending on the pH of the solution to which it
is added. Such substances are used in solution or powder form for the determination of pH of a solution
or to detect changes in pH during acid-base titrations.

A Universal indicator is able to change colours in a wide range of pH, and is hence used to determine how
acidic or basic a solution is. Universal indicator that can be used to indicate the pH of the solution. Itis a
mixture of indicators that shows different colours at different pH values, and can be used in solution form
or as paper strips. A colour chart supplied with the indicator solution or strips enables the determination
of pH value.

pH range Description Colour

<3 Strongly acidic red

3-6 Weakly acidic orange, yellow
7 Neutral green
8-11 Weakly alkaline blue

> 11 Strongly alkaline violet

For the ease of the translations use the following color index to express the color as a letter, so it is easier
for the markers to identify.

R Red
O | Orange
Y | Yellow
G | Green
B Blue
V | Violet

In case if you ONLY have Universal indicator as strips, use the following procedure. For every suc-
cessive additions from the burette, stir the solution well, then touch the solution with a glass rod or
dropper to take a very little of the solution and put it on the indicator strip and record the color.
Repeat this until the end of the titration.

Warning: This procedure is written so that error in using pH strips is minimised. However, it will
have an important error compared to the use of an indicator solution.

In this experiment, the equivalence point of an acid-base titration will be determined using Universal
indicator to determine pH during the titration of weak acid with strong base.

You are supplied with the following:
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Apparatus Labelled as Quantity supplied
1 10 mL pipettes Ps.P,.P5 and Pg 4
2 25 mL burette B, 1
3 | 100 mL volumetric flasks Vy VeV, 3
4 250 mL beaker 1
5 150 mL conical flasks C. C; 2
6 Funnel 1
7 Indicator bottles 2
8 Dropper* 1
* Use Dropper from Q-2
Chemicals Labelled as Quantity supplied

0.1M Succinic acid

0.1M Succinic acid

100 mL in a beaker

0.TM NaOH (approx)

0.1TM NaOH (approx)

100 mL in a beaker

Weak acid solution

Weak acid

In 100 mL volumetric flask V,

Universal indicator solution

Universal indicator with colour chart

In indicator bottle

Phenolphthalein indicator

Phenolphthalein

In indicator bottle

Distilled water

Distilled water

1000 mL in a bottle

* Feel free to use beakers, conical flasks and funnels that are available in your laboratory that
fit with the experimental requirements, if necessary.

Procedure
1. Preparation of 100 mL of 0.01 M Succinic acid solution.

Using pipette P, take 10 mL of the supplied 0.1 M succinic acid solution in volumetric flask V, and dilute
up to the mark using distilled water.

2. Standardisation of the diluted NaOH solution.

1. Using pipette P, take 10 mL of the supplied 0.1 M(approx) NaOH solution in volumetric flask V5 and
dilute up to the mark using distilled water.

2. Rinse burette B, with 3-5 mL of diluted NaOH.
3. Using a funnel fill the burette with diluted NaOH .
Note down the initial reading in Observation Table 1 in the answer sheet provided to you.

4. Using pipette P, take 10 mL of 0.01M Succinic acid solution in the conical flask C,and add 2 drops
phenolphthalein indicator.

5. Titrate the solution against the diluted NaOH till a faint pink colour persists.

6. Repeat the titration until you get three reasonable readings.
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3.1 Record your titration readings in Observation Table 1. Note down theread- (1.5pt)
ing.
3.2 Molarity of NaOH solution used in titration = .................... M (0.5pt)

3. Titration of weak acid with strong base
1. Using a funnel fill burette B, with diluted NaOH
2. Dilute the weak acid solution supplied in volumetric flask V,to 100 mL using distilled water.

3. Using pipette P4 take10 mL of the diluted weak acid solution in a conical flask C;and add 4 drops
Universal indicator.

In this titration, diluted NaOH is added in instalments to the weak acid solution. After the addition of
each instalment of diluted NaOH, record the colour of the solution, and pH from the chart supplied to
you.

Put down pH value only when exact colour match is seen. If the colour is intermediate between
colours in the chart, write down the pH range.

4. Add the burette solution in instalments of 0.5 mL each till the colour of the solution changes to purple.
Thereafter take four more readings adding instalments of 0.5 mL each.

33 Record your observations in Observation Table 2 in the answer sheet pro- (2.5pt)
vided to you.

34 Plot a graph of pH vs volume of diluted NcOH and determine the 5 mL (0.5pt)
range of the equivalence point.

3.5 Find ApH for every successive change in volume (0.5mL) and then plot a (0.5pt)
graph of ApH/AV vs volume of diluted NcOH only in the range identified in
3.4 above

3.6 Determine the equivalence point from the data above. (0.5pt)
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pH TuTpaumja Kopuwhewem yHuBep3asHor MHMKaTopa (6
noeHa)

Ma>x/bMBO NPOUMTAjTe OMNLUTA YNYTCTBA Npe Hero LWTOo NoYHeTe Aa pellaBaTe 3ajaTak.

MHankaTop kmcenmHcke b6ase je cyncraHua Koja Mewa 60jy y 3aBUCHOCTM o4 pH BpeaHOCTM pacTBopa
y Koju je gogat. TakBe cyrncTaHLe ce Kopucte y 06anKy pactBopa wam npaxa y ummwy ogpehueara pH
BPeAHOCTY pacTBOpa UM 3@ OTKPMBaHE HacTaanx NpomeHa pH TOKOM K1ceno-6asHux Tutpaumja.

YHuBep3aaHN NHANKATOP je y CTakby Aa NpoMeHu 60jy 3a LUMPOKKM orncer pH v cTora ce KOpUCTY 3a NoKa-
31BaH-e KOINKO je pacTBop Kucen nimn 6asaH. YHMBep3anaHu NHAMKATOP Ce MOXe KOPUCTUTY 3a oapenn-
Bahe pH BpeaHoOCTM pacTBopa. NpeacTaB/ba MeLLaBUHY MHAVKATOPAa KOju NoKasyjy pasnndmnTe 6oje npu
pasnnynTM pH BpeaHOCTMMA, a MOXe Ce KOPUCTUTW Y 061Ky pacTBOpa UAK Y OBAMKY NanupHUX Tpaka.
Tabena 60ja Koja je NpUAOXKeEHa y3 MHANKATOPCKX PacTBOP NN MHAMKATOPCKe Tpake omoryhasa nakiue
ogpehuBare pH BpegHoOCTW.

pH oncer Oonwuc boja

<3 jako kucena upBeHa

3-6 cnabo Kucena | HapaHLiacTa, XyTa
7 HeyTpasnHa 3e/eHa
8-11 cnabo ankanHa niaasa

> 11 jako ankanHa Jbybuyacrta

Pagun nakwer nperneja 3agataka kopuctute cnegehun nHaekc 6oja kako 6ucte 60jy o6enexmnnv camo
C/IOBOM.

LipBeHa
HapaHLlacTa

XyTta

3eneHa
MnaBa

</ <|O|l=™

Jbybunuacta

Y cnyyajy ga umate CAMO yHMBep3anHN NHANKATOP y BUAY Tpaka, KopuctuTe ciegehy npouenypy.
3a cBaKo y3acToMHO JoAaBakse 13 bupeTe, A06PO NpoMeLLajTe pacTBop, 3aTUM JOANPHUTE PacTBOpP
cTakneHnm wranvhem nam kanaskoMm Aa 61cTe y3eny Beoma Mano pacteopa 1 CTaBUAW ra Ha Tpaky
nHanKaTopa v 3ebenexunnn 60jy.

MNoHoBWTe OBO A0 Kpaja TUTpauuje.

Ynosopewe: OBa npouesypa je HanmcaHa Tako ja ce rpewuka kopuwhera pH Tpaka ceege Ha Mu-
HUMYM. MeRQyTum, y nopehery ca ynoTpebom MHAMKATOPCKOr pacTBopa rpelka ogpehrBamsa je
3Ha4vajHa.

Y 0BOM eKCMepuMEHTY, 3aBpLUHA (eKBMBaNEHTHA) Tauka KMCennHcko-6a3He Tntpaunje buhe ogpeheHa
KopuLheHeM yHMBEP3aNHOT MHANKATOPa HaMereHor 3a ogpefnBare pH BpeAHOCTM TOKOM TUTpauuje
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cnabe KncenmHe ca jakom 6asom.

Ha pacnonarawy Bam je cnepehe:

MNpu6op O3HaueH Kao | flocTynHa KoIMYUnHa
1 10 mL nunerte P3P, Ps 1 Pg 4
2 25 mL 6upeTta B, 1
3 6oua (TrkBuLa) 3anpemMmHe 100 mL Vo, VsV, 3
4 NabopaTopujcka yawa og 250 mL 1
5 | 150 mL koHycHe (epnieHMajepoBe) 6oue C. G 2
6 NieBak 1
7 nHaMKaTopcke 6oue 2
8 Kanaska* 1

* Kopnctute kanassky 13 3agatka Q-2.

Xemukanuje

O3HaueHe Kao

AOCTyn Ha KOoJZin4l

0.1M hunmbapHa (CyKLMHCKa) KNCennHa

0.1M hnnmnbapHa (CyKLUMHCKa) KncennHa

100 mL y vawwm

0.1M NaOH (npn6anxHo)

0.1M NaOH (npnbanXHO)

100 mL y yawwm

pactBop cnabe kucennHe

cnaba KucesnmHa

y 6oum 3anpemMumHa 10(

YHMBEP3a/THN NHANKATOPCKW pPacTBOpP

YHMBEpP3aJIHV MHAVKATOP ca Anjarpamom 6o0ja

Yy NHAMKATOPCKOj 6

nHAMKaTop GeHondTanenH

deHonpTanenH

Y MHANKaTOPCKO] 61

JectnnoBaHa Boaa

JlectunosaHa Boja

1000 mLy 6ouy

* AKo je noTpe6HO, c/10604HO KOPUCTUTE Yallle, epJieHMajepoBe 6oLie U IeBKe Koju Cy A0CTYn-

HW y Bawloj nabopaTtopunjn n Koju oarosapajy eKcnepyMeHTa/lHNM 3axXxTeBMMa.

Mpoueaypa

1. Mpunpema 100 mL 0.01 M pacTtBopa hunmbapHe KncenvHe.

Kopunwherem nunete P, gogajte 10 mL gator pacteopa 0.1 M hunnbapHe kucennHe y 6ouy V, n cu-
najyhun gectmnoBaHy BoAy pa3bnaxure ra o Ha3HayeHe O3Hake.

2. CtaHgapamsaumja pasébnaxkeHor pactesopa NaOH .

1. Kopucrehun nunety P, goaajte 10 mL gator pactsopa koHueHTpaumje 0.1 M(NpnbavxHo) NaOH y
6ouy V; 1 cunajyhu gectnnoBaHy Body pa3bnaxure ra Ao Ha3HayeHe o3Hake.

2. VicnepuTe 6upety B, ca 3-5 mL pasbnaxeHor NaOH.

3. Kopuctehu neBak HanyHUTe 6upeTy ca pasbnaxeHnm NaOH .

3a6enexxnTte noyeTHo ounTaBakwe y Tabeny 1 (Observation Table 1) y nucty 3a oarosope Kojy Bam

je par.

4. Kopuctehu nunety P; gogajte 10 mL pactsopa 0.01M hunnnbapHe KncenmHe y KOHycHy (epieHmajep)
6ouy C, n gogajTe 2 kan/buLe nHAMKaTopa deHondTanemHa.
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5. Tutpupajte pacteBop nomohy pasbnaxeHor NaOH cBe [0 NOCTOjaHe pyxu4yacTe 6oje.

6. MoHaBsbajTe TUTPaUWjy AOK He fo6ujeTe TpW 3a40BosbaBajyha pesynTtaTa.

3.1 HakoH TuTpauuje 3abenexmte oumTaBawa ca 6upete y Tabeny 1 (1.5pt)
(Observation Table 1).

3.2 MonapHa KoHUeHTpauuja pacteopa NaOH Koja je kopnwheHay Tutpaun-  (0.5pt)
M

3. Titration of weak acid with strong base
1. KopuwhereMm neBka HanyHUTe bupety B, ca pasbnaxeHnm NaOH
2. CvnameM gecTunioBaHe Boje pasbnaxmte pacTsop cnabe kucenmHe y 6oumun V, go 100 mL .

3. Kopucrehu nunety Py goaajte 10 mL pactsopa pasbnaxeHe cnabe KncenmHe y KOHycHy (epneHmajep)
6ouy C; 1 gojajTe 4 Kan/byLe yHNBEP3aJHOr MHAMKaTopa.

Y oBOj TUTpaumju pasbnaxeHn NaOH ce foaajey "nopumjama”y pactsop cnabe kucenvHe. Nocne goga-
Bahba CBake "nopuuje” pasbnaxeHor NaOH, 3abenexuTte 60jy pacTBopa 1 pH ca gnjarpama Kju Bam je
Aar.

3anuwunTte pH BpegHOCT camMo Kaja ce BUAW Ta4yHO nogyaapawe 6oje. AKo je 6oja nsmehy 6oja
HaBeAeHUX y Tabenun, 3a6enexxnte pH oncer.

4. lopajte pacTBop 13 bupeTey jegHakmm "nopumjama” og 0.5 mL cBe Aok ce 60ja pacTBOpa He MPOMEHM
y /bybuyacTty. HakoH Tora nsspLumTe jol YeTmpm ounTaBarba gogajyhum jegHake "nopuuje” og no 0.5 mL.

3.3 3anuwunTe Balla 3anaxamwa y Taéeny 2 (Observation Table 2) Ha nucty 3a  (2.5pt)
oAroBope Koju BaMm je gar.

34 HaupTajte rpa¢puk 3aBmncHocTn pH oa 3anpemuHe pas6énaxeHor NaOH n  (0.5pt)
oApeawvTe 3aBpLUHY (eKBUBaNEHTHY) TauKy TUTpauuje y oncery oa 5 mL.

35 OapepuTte ApH 3a cBaKy CyKL,eCMBHY NPOMeHY 3anpemMuHe "nopuuje” og  (0.5pt)
(0.5mL) u HaupTajTe rpadpuk 3aBucHocTm ApH/AV op 3anpemMunHe pasbna-
»KeHor NaOH camo y oncery o3Ha4eHOM y 3aAaTKy n3Haa Tj. 3.4.
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3.6 Ha ocHOBYy nogaTaka HaBeAeHUX NU3HaA oapeanTe 3aBpLUHY (ekBuBaneHT-  (0.5pt)
HY) TauKy TUTpauumje.
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pH Titration using Universal Indicator (6 marks)
Please read the general instructions before you start this problem.

An acid base indicator is a substance that changes colour depending on the pH of the solution to which it
is added. Such substances are used in solution or powder form for the determination of pH of a solution
or to detect changes in pH during acid-base titrations.

A Universal indicator is able to change colours in a wide range of pH, and is hence used to determine how
acidic or basic a solution is. Universal indicator that can be used to indicate the pH of the solution. Itis a
mixture of indicators that shows different colours at different pH values, and can be used in solution form
or as paper strips. A colour chart supplied with the indicator solution or strips enables the determination
of pH value.

pH range Description Colour

<3 Strongly acidic red

3-6 Weakly acidic orange, yellow
7 Neutral green
8-11 Weakly alkaline blue

> 11 Strongly alkaline violet

For the ease of the translations use the following color index to express the color as a letter, so it is easier
for the markers to identify.

R Red
O | Orange
Y | Yellow
G | Green
B Blue
V | Violet

In case if you ONLY have Universal indicator as strips, use the following procedure. For every suc-
cessive additions from the burette, stir the solution well, then touch the solution with a glass rod or
dropper to take a very little of the solution and put it on the indicator strip and record the color.
Repeat this until the end of the titration.

Warning: This procedure is written so that error in using pH strips is minimised. However, it will
have an important error compared to the use of an indicator solution.

In this experiment, the equivalence point of an acid-base titration will be determined using Universal
indicator to determine pH during the titration of weak acid with strong base.

You are supplied with the following:
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Apparatus Labelled as Quantity supplied
1 10 mL pipettes Ps.P,.P5 and Pg 4
2 25 mL burette B, 1
3 | 100 mL volumetric flasks Vy VeV, 3
4 250 mL beaker 1
5 150 mL conical flasks C. C; 2
6 Funnel 1
7 Indicator bottles 2
8 Dropper* 1
* Use Dropper from Q-2
Chemicals Labelled as Quantity supplied

0.1M Succinic acid

0.1M Succinic acid

100 mL in a beaker

0.TM NaOH (approx)

0.1TM NaOH (approx)

100 mL in a beaker

Weak acid solution

Weak acid

In 100 mL volumetric flask V,

Universal indicator solution

Universal indicator with colour chart

In indicator bottle

Phenolphthalein indicator

Phenolphthalein

In indicator bottle

Distilled water

Distilled water

1000 mL in a bottle

* Feel free to use beakers, conical flasks and funnels that are available in your laboratory that
fit with the experimental requirements, if necessary.

Procedure
1. Preparation of 100 mL of 0.01 M Succinic acid solution.

Using pipette P, take 10 mL of the supplied 0.1 M succinic acid solution in volumetric flask V, and dilute
up to the mark using distilled water.

2. Standardisation of the diluted NaOH solution.

1. Using pipette P, take 10 mL of the supplied 0.1 M(approx) NaOH solution in volumetric flask V5 and
dilute up to the mark using distilled water.

2. Rinse burette B, with 3-5 mL of diluted NaOH.
3. Using a funnel fill the burette with diluted NaOH .
Note down the initial reading in Observation Table 1 in the answer sheet provided to you.

4. Using pipette P, take 10 mL of 0.01M Succinic acid solution in the conical flask C,and add 2 drops
phenolphthalein indicator.

5. Titrate the solution against the diluted NaOH till a faint pink colour persists.

6. Repeat the titration until you get three reasonable readings.
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3.1 Record your titration readings in Observation Table 1. Note down theread- (1.5pt)
ing.
3.2 Molarity of NaOH solution used in titration = .................... M (0.5pt)

3. Titration of weak acid with strong base
1. Using a funnel fill burette B, with diluted NaOH
2. Dilute the weak acid solution supplied in volumetric flask V,to 100 mL using distilled water.

3. Using pipette P4 take10 mL of the diluted weak acid solution in a conical flask C;and add 4 drops
Universal indicator.

In this titration, diluted NaOH is added in instalments to the weak acid solution. After the addition of
each instalment of diluted NaOH, record the colour of the solution, and pH from the chart supplied to
you.

Put down pH value only when exact colour match is seen. If the colour is intermediate between
colours in the chart, write down the pH range.

4. Add the burette solution in instalments of 0.5 mL each till the colour of the solution changes to purple.
Thereafter take four more readings adding instalments of 0.5 mL each.

33 Record your observations in Observation Table 2 in the answer sheet pro- (2.5pt)
vided to you.

34 Plot a graph of pH vs volume of diluted NcOH and determine the 5 mL (0.5pt)
range of the equivalence point.

3.5 Find ApH for every successive change in volume (0.5mL) and then plot a (0.5pt)
graph of ApH/AV vs volume of diluted NcOH only in the range identified in
3.4 above

3.6 Determine the equivalence point from the data above. (0.5pt)
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pH TuTpaumja Kopuwhewem yHuBep3asHor MHMKaTopa (6
noeHa)

Ma>x/bMBO NPOUMTAjTe OMNLUTA YNYTCTBA Npe Hero LWTOo NoYHeTe Aa pellaBaTe 3ajaTak.

MHankaTop kmcenmHcke b6ase je cyncraHua Koja Mewa 60jy y 3aBUCHOCTM o4 pH BpeaHOCTM pacTBopa
y Koju je gogat. TakBe cyrncTaHLe ce Kopucte y 06anKy pactBopa wam npaxa y ummwy ogpehueara pH
BPeAHOCTY pacTBOpa UM 3@ OTKPMBaHE HacTaanx NpomeHa pH TOKOM K1ceno-6asHux Tutpaumja.

YHuBep3aaHN NHANKATOP je y CTakby Aa NpoMeHu 60jy 3a LUMPOKKM orncer pH v cTora ce KOpUCTY 3a NoKa-
31BaH-e KOINKO je pacTBop Kucen nimn 6asaH. YHMBep3anaHu NHAMKATOP Ce MOXe KOPUCTUTY 3a oapenn-
Bahe pH BpeaHoOCTM pacTBopa. NpeacTaB/ba MeLLaBUHY MHAVKATOPAa KOju NoKasyjy pasnndmnTe 6oje npu
pasnnynTM pH BpeaHOCTMMA, a MOXe Ce KOPUCTUTW Y 061Ky pacTBOpa UAK Y OBAMKY NanupHUX Tpaka.
Tabena 60ja Koja je NpUAOXKeEHa y3 MHANKATOPCKX PacTBOP NN MHAMKATOPCKe Tpake omoryhasa nakiue
ogpehuBare pH BpegHoOCTW.

pH oncer Oonwuc boja

<3 jako kucena upBeHa

3-6 cnabo Kucena | HapaHLiacTa, XyTa
7 HeyTpasnHa 3e/eHa
8-11 cnabo ankanHa niaasa

> 11 jako ankanHa Jbybuyacrta

Pagun nakwer nperneja 3agataka kopuctute cnegehun nHaekc 6oja kako 6ucte 60jy o6enexmnnv camo
C/IOBOM.

LipBeHa
HapaHLlacTa

XyTta

3eneHa
MnaBa

</ <|O|l=™

Jbybunuacta

Y cnyyajy ga umate CAMO yHMBep3anHN NHANKATOP y BUAY Tpaka, KopuctuTe ciegehy npouenypy.
3a cBaKo y3acToMHO JoAaBakse 13 bupeTe, A06PO NpoMeLLajTe pacTBop, 3aTUM JOANPHUTE PacTBOpP
cTakneHnm wranvhem nam kanaskoMm Aa 61cTe y3eny Beoma Mano pacteopa 1 CTaBUAW ra Ha Tpaky
nHanKaTopa v 3ebenexunnn 60jy.

MNoHoBWTe OBO A0 Kpaja TUTpauuje.

Ynosopewe: OBa npouesypa je HanmcaHa Tako ja ce rpewuka kopuwhera pH Tpaka ceege Ha Mu-
HUMYM. MeRQyTum, y nopehery ca ynoTpebom MHAMKATOPCKOr pacTBopa rpelka ogpehrBamsa je
3Ha4vajHa.

Y 0BOM eKCMepuMEHTY, 3aBpLUHA (eKBMBaNEHTHA) Tauka KMCennHcko-6a3He Tntpaunje buhe ogpeheHa
KopuLheHeM yHMBEP3aNHOT MHANKATOPa HaMereHor 3a ogpefnBare pH BpeAHOCTM TOKOM TUTpauuje
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cnabe KncenmHe ca jakom 6asom.

Ha pacnonarawy Bam je cnepehe:

MNpu6op O3HaueH Kao | flocTynHa KoIMYUnHa
1 10 mL nunerte P3P, Ps 1 Pg 4
2 25 mL 6upeTta B, 1
3 6oua (TrkBuLa) 3anpemMmHe 100 mL Vo, VsV, 3
4 NabopaTopujcka yawa og 250 mL 1
5 | 150 mL koHycHe (epnieHMajepoBe) 6oue C. G 2
6 NieBak 1
7 nHaMKaTopcke 6oue 2
8 Kanaska* 1

* Kopnctute kanassky 13 3agatka Q-2.

Xemukanuje

O3HaueHe Kao

AOCTyn Ha KOoJZin4l

0.1M hunmbapHa (CyKLMHCKa) KNCennHa

0.1M hnnmnbapHa (CyKLUMHCKa) KncennHa

100 mL y vawwm

0.1M NaOH (npn6anxHo)

0.1M NaOH (npnbanXHO)

100 mL y yawwm

pactBop cnabe kucennHe

cnaba KucesnmHa

y 6oum 3anpemMumHa 10(

YHMBEP3a/THN NHANKATOPCKW pPacTBOpP

YHMBEpP3aJIHV MHAVKATOP ca Anjarpamom 6o0ja

Yy NHAMKATOPCKOj 6

nHAMKaTop GeHondTanenH

deHonpTanenH

Y MHANKaTOPCKO] 61

JectnnoBaHa Boaa

JlectunosaHa Boja

1000 mLy 6ouy

* AKo je noTpe6HO, c/10604HO KOPUCTUTE Yallle, epJieHMajepoBe 6oLie U IeBKe Koju Cy A0CTYn-

HW y Bawloj nabopaTtopunjn n Koju oarosapajy eKcnepyMeHTa/lHNM 3axXxTeBMMa.

Mpoueaypa

1. Mpunpema 100 mL 0.01 M pacTtBopa hunmbapHe KncenvHe.

Kopunwherem nunete P, gogajte 10 mL gator pacteopa 0.1 M hunnbapHe kucennHe y 6ouy V, n cu-
najyhun gectmnoBaHy BoAy pa3bnaxure ra o Ha3HayeHe O3Hake.

2. CtaHgapamsaumja pasébnaxkeHor pactesopa NaOH .

1. Kopucrehun nunety P, goaajte 10 mL gator pactsopa koHueHTpaumje 0.1 M(NpnbavxHo) NaOH y
6ouy V; 1 cunajyhu gectnnoBaHy Body pa3bnaxure ra Ao Ha3HayeHe o3Hake.

2. VicnepuTe 6upety B, ca 3-5 mL pasbnaxeHor NaOH.

3. Kopuctehu neBak HanyHUTe 6upeTy ca pasbnaxeHnm NaOH .

3a6enexxnTte noyeTHo ounTaBakwe y Tabeny 1 (Observation Table 1) y nucty 3a oarosope Kojy Bam

je par.

4. Kopuctehu nunety P; gogajte 10 mL pactsopa 0.01M hunnnbapHe KncenmHe y KOHycHy (epieHmajep)
6ouy C, n gogajTe 2 kan/buLe nHAMKaTopa deHondTanemHa.
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5. Tutpupajte pacteBop nomohy pasbnaxeHor NaOH cBe [0 NOCTOjaHe pyxu4yacTe 6oje.

6. MoHaBsbajTe TUTPaUWjy AOK He fo6ujeTe TpW 3a40BosbaBajyha pesynTtaTa.

3.1 HakoH TuTpauuje 3abenexmte oumTaBawa ca 6upete y Tabeny 1 (1.5pt)
(Observation Table 1).

3.2 MonapHa KoHUeHTpauuja pacteopa NaOH Koja je kopnwheHay Tutpaun-  (0.5pt)
M

3. Titration of weak acid with strong base
1. KopuwhereMm neBka HanyHUTe bupety B, ca pasbnaxeHnm NaOH
2. CvnameM gecTunioBaHe Boje pasbnaxmte pacTsop cnabe kucenmHe y 6oumun V, go 100 mL .

3. Kopucrehu nunety Py goaajte 10 mL pactsopa pasbnaxeHe cnabe KncenmHe y KOHycHy (epneHmajep)
6ouy C; 1 gojajTe 4 Kan/byLe yHNBEP3aJHOr MHAMKaTopa.

Y oBOj TUTpaumju pasbnaxeHn NaOH ce foaajey "nopumjama”y pactsop cnabe kucenvHe. Nocne goga-
Bahba CBake "nopuuje” pasbnaxeHor NaOH, 3abenexuTte 60jy pacTBopa 1 pH ca gnjarpama Kju Bam je
Aar.

3anuwunTte pH BpegHOCT camMo Kaja ce BUAW Ta4yHO nogyaapawe 6oje. AKo je 6oja nsmehy 6oja
HaBeAeHUX y Tabenun, 3a6enexxnte pH oncer.

4. lopajte pacTBop 13 bupeTey jegHakmm "nopumjama” og 0.5 mL cBe Aok ce 60ja pacTBOpa He MPOMEHM
y /bybuyacTty. HakoH Tora nsspLumTe jol YeTmpm ounTaBarba gogajyhum jegHake "nopuuje” og no 0.5 mL.

3.3 3anuwunTe Balla 3anaxamwa y Taéeny 2 (Observation Table 2) Ha nucty 3a  (2.5pt)
oAroBope Koju BaMm je gar.

34 HaupTajte rpa¢puk 3aBmncHocTn pH oa 3anpemuHe pas6énaxeHor NaOH n  (0.5pt)
oApeawvTe 3aBpLUHY (eKBUBaNEHTHY) TauKy TUTpauuje y oncery oa 5 mL.

35 OapepuTte ApH 3a cBaKy CyKL,eCMBHY NPOMeHY 3anpemMuHe "nopuuje” og  (0.5pt)
(0.5mL) u HaupTajTe rpadpuk 3aBucHocTm ApH/AV op 3anpemMunHe pasbna-
»KeHor NaOH camo y oncery o3Ha4eHOM y 3aAaTKy n3Haa Tj. 3.4.
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3.6 Ha ocHOBYy nogaTaka HaBeAeHUX NU3HaA oapeanTe 3aBpLUHY (ekBuBaneHT-  (0.5pt)
HY) TauKy TUTpauumje.
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3apaTak 4. ictpakmuBawe 3ameHe HoBopoheHnx 6eba y 60.1-
HULW

A.1.1 (0.75 pt)

Ta6ena 1.1

W X|Y | Z

Anti-A

Anti-B

NA

A.1.2 (0.25 pt)

3amonuTe cBOr cynepsusopa ga ¢otorpaduiie naounuy. Cynepsusop he
nocnaTtn poTorpadujy y Balle nme.
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A.1.3 (0.25 pt)

Ta6ena 1.2
KpBHa rpyna
Y3opak |A | B | AB | O
W
X
Y
z

A.1.4 (0.25 pt)

Anti-A | Anti-B | NA
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A.2.1.1 (4.5 pt)

Ta6bena 2.3
1F | 1M | 2F | 2M | 3F [ 3M | C | D | E
Anti-A
Anti-B
NA

A.2.1.1 (cont.)

3amonunTe cBor cynepsusopa ga ¢otorpaduiie naouuuy. Cynepsusop he
nocnaTtn poTorpadujy y BaLle nme.
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A.2.1.2 (0.50 pt)

Tabena 1.4

KpBHa rpyna 6e6a

Beba | KpBHa rpyna A | KpeHa rpyna B | KpeHa rpyna AB | KpeHa rpyna O

KpBHa rpyna poaurema

1F

™

2F

2M

3F

3M

A.2.2 (1.0 pt)

Ta6bena 1.5

Pogutess 1 | Pogutems 2 | Poguten 3

Beba C

Be6a D

beba E
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A.2.3 (0.25 pt)

Jete | C | Poautemn
Jete | D | Pognten
Jete | E | Pognten
A.2.4 (0.25 pt)
FeHoTUn FeHoTUN poauTeba
pereTa OTay, Majka
AeTte PoanTten
AeTe Poguten
AeTte PoguTten
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3apaTak 4. ictpakmuBawe 3ameHe HoBopoheHnx 6eba y 60.1-
HULW

A.1.1 (0.75 pt)

Ta6ena 1.1

W X|Y | Z

Anti-A

Anti-B

NA

A.1.2 (0.25 pt)

3amonuTe cBOr cynepsusopa ga ¢otorpaduile naounly. Cynepsusop he
nocnaTtn poTorpadujy y Balle nme.
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A.1.3 (0.25 pt)

Ta6ena 1.2
KpBHa rpyna
Ysopak | A|B|AB | O
W
X
Y
z

A.1.4 (0.25 pt)

Anti-A | Anti-B | NA
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A.2.1.1 (4.5 pt)

Ta6bena 2.3
1F | 1M | 2F | 2M | 3F | 3M
Anti-A
Anti-B
NA

A.2.1.1 (cont.)

3amonuTe cBOr cynepsusopa fa ¢otorpaduile naoumuy. Cyriepsusop he
nocnatu ¢oTorpadujy y BaLle nme.
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A.2.1.2 (0.50 pt)

Tabena 1.4

KpsHa rpyna 6e6a

Beba | KpHa rpyna A | KpeHa rpyna B | KpeHa rpyna AB | KpeHa rpyna O

KpBHa rpyna poaurema

1F

™

2F

2M

3F

3M

A.2.2 (1.0 pt)

Ta6bena 1.5

Pogutess 1 | Pogutems 2 | Poguten 3

Beba C

Be6a D

beba E




Experiment

|JS!

MUIWL‘UJ _\Jl ,;,J.zu Slesalsl
18th Internatic Jum Olymp iad

nnnnnn

G-SRB-1 E-4 A-5

Serbian (Serbia)

A.2.3 (0.25 pt)

Hete | C | Poautemn
Jete | D | Poauten
Jete | E | Pognten
A.2.4 (0.25 pt)
FreHoTun FeHoTUN poauTeba
Aerteta OTay, Majka
AeTte Pogutern
AeTe PopunTten
AeTte Pogurtesn
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General Instructions :

1. Wherever asked to mark the cell with a cross (X), mark as follows.

2. Wherever asked to mark the cell with a dash (-), mark as follows.

Q.4. Investigating mixup of newborn babies in a hospital

This is an investigative experiment to identify parents of three newborn babies who got mixed in a hos-
pital. The identification will be done with the help of blood groups. Untill the 1980s blood groups were
used in forensics, but this has now been replaced by other techniques that are more reliable. ABO blood
typing is still important for blood transfusions.

The presence or absence of A and B antigens on the Red Blood Cells (RBCs) determines the ABO blood
group of an individual. A person with only antigen A will be of blood group A. A person with only antigen
B will be of blood group B. A person with both antigens A and B will have blood group AB, while one who
has neither of the antigens has a blood group of O type. These antigens in an individual are governed
by the alleles of the gene responsible for their synthesis. Antigen A is determined by the allele 74, while
antigen B is determined by the allele 72. No antigens are produced when an individual carries the i allele.
The alleles 74 and I are co-dominant. The allele i is recessive to both 74 and I5. alleles.

The presence of a given antigen can be identified by the use of antibodies. For example, if an antibody
against antigen A is added to blood from a person with blood group A, RBCs will clump together or
agglutinate. In this experiment, you will not use blood samples but solutions that mimic the process
of agglutination (clumping) of blood in the presence of a given antibody. The process has been mim-
icked using chemicals and precipitation represents the process of agglutination. The use of chemicals to
demonstrate the concept of blood groups was developed by Magdalena Wajrak of Edith Cowan Univer-
sity in Perth, Australia (Harrison T, 2015, Science in school, 32: 33-36)

Materials provided:
Glassware and miscellaneous items
1. Mimicked blood samples (13 in all) in 1.5 ml plastic tubes (in stand) labelled as follows:
(i). Four samples W, X, Y and Z (to be used in Exercise 1).
(ii). Nine samples C, D, E, 1F, 1M, 2F, 2M, 3F, 3M (to be used in Exercise 2).

2. 3X 15 ml plastic tubes labeled as Anti - A, Anti - B and NA which have mimicked antibodies against
antigen A, antigen B and no antibody, respectively. These have been placed in a 250 ml plastic
beaker.

3. Four Cavity slides with 3 wells in each.
4. 7 plastic droppers.
5. 250 ml beaker with distilled water
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Permanent marker

Rectangular labels

A4 sheet of black paper for placing slides
Waste bin

Additional distilled water in a bottle

© v x N o

Note: Please raise your hand, if you require additional distilled water.
Tissue papers and waste beaker will be provided by the supervisor
Exercise 1: Identify the blood groups of the blood samples W, X, Y and Z

1. Arrange four cavity slides to make a grid similar to the one shown in Figure 1.1. The slides should
be placed on the black sheet provided to you.

AntiAOOOQ
mis] O OO 1O
w ]| O] OO0

Figure 1.1

2. With the marker pen and labels provided, mark the wells of the grid as above.NA stands for no anti-
body.

3.1 Mark three droppers one as Anti-A (to be used only for taking Antibody A), one as Anti-B (to be used
only for taking Antibody B) and one as NA (to be used for taking the solution marked as NA).

3.2 Use the remaining droppers for blood samples.

3.3 Before starting and in between taking two different samples, flush the dropper several times (15 to
20 times) with distilled water to ensure that they are clean.

3.4 Ensure that the droppers are clean so that samples do not become cross-contaminated. Please avoid
touching the added solutions in any of the wells of the cavity slide.

4, Using a clean dropper, place a drop of blood sample W in each of the wells in column 1.

5. Continue the same with the other three blood samples (X, Y and Z).

6. In the first row, add 1 drop of Anti A (antibodies against A-antigen) in each of the wells.

7. In the second row, add 1 drop of Anti B (antibodies against B-antigen) in each of the wells.

8. In the third row, add 1 drop of NA solution.
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A.1.1  Observe the wells and record the presence of white precipitate (mimicking ag- (0.75pt)
glutination of blood) in the appropriate cells in Table 1.1 by marking a cross
(X). Mark a dash (-) in cells representing wells where no precipitation was ob-
served.

Table 1.1
W | X|Y|Z

Anti-A

Anti-B

NA

A.1.2  Request your supervisor to take a photograph of the plate. The supervisor will (0.25pt)
submit the photograph on your behalf.

Based on your observation, identify the blood groups of the samples W, X, Y and Z in Table 1.2 by marking
a cross (X) in the appropriate cell.

A.1.3 (0.25pt)
Table 1.2
Blood Group
Sample | A|B|AB | O
w
X
Y
YA

Identify the row(s) (Anti A, Anti B and NA) in Figure 1.1 that act(s) as the control for the experiment with
a cross (X) in the correct cell(s). Mark dash (-) in the remaining one(s).
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A1.4 (0.25pt)

Anti-A | Anti-B | NA

Exercise 2: Identify the blood groups of the parents and the babies in an attempt to restore the
babies to their respective parents.

There are three newborn babies (C, D and E), whose tags indicating their parents have been mixed up.
In order to identify the correct parents of the three babies, blood samples were taken from the babies
and the possible parents (1 to 3). The experiment attempts to identify the parents of the three babies
based on their blood groups.

For the identification you are provided with mimic of 9 blood samples labeled as follows:

Note: In the table, F stands for Father (not female) and M stands for Mother (not male).

Sample No. | Label | Blood sample from
1 1F Parent 1 father

2 ™ Parent 1 mother
3 2F Parent 2 father

4 2M Parent 2 mother
5 3F Parent 3 father

6 3M Parent 3 mother
7 C Baby C

8 D Baby D

9 E Baby E

2.1. For each of the blood samples, identify the blood group following the procedure described in the
first exercise.

Note:

+ Before reusing the cavity slides, wash them carefully with distilled water and dry them well with
tissue paper before putting samples in them.

* Ensure that the droppers are clean before taking the blood samples.

In Table 1.3, mark a cross (X) in the appropriate cells for the presence of precipitate. Mark a dash (-)
in cells representing wells where no precipitation was observed.
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A.2.1.1 Take photographs of the labeled slides as done in 1.2. Request your supervisor  (4.5pt)
to take photographs of the labeled slide. The supervisor will submit the photo-
graph on your behalf.

Table 1.3
1F|1M | 2F |[2M [3F |[3BM | C | D | E
Anti-A
Anti-B
NA

Based on the results of the experiment, identify the blood groups of each of the nine samples by marking
a cross (X) in the appropriate cell in Table 1.4.

A.2.1.2 (0.50pt)

Table 1.4
Blood group of babies
Baby | Blood group A | Blood group B | Blood group AB | Blood group O

Blood group of parents

1F
™
2F
2M
3F
3M

Based on the different blood groups identified by you, indicate the possible parent pairs for the babies
C, D and E by marking a cross (X) in the appropriate cell(s) in Table 1.5. There could be more than one
possibility. Mark a dash (-) in the remaining cell(s).
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A.2.2

Table 1.5
Parent pair 1 | Parent pair 2 | Parent pair 3
Baby C
Baby D
Baby E

(1.0pt)

Based on your interpretations of the blood groups which baby(ies) (C, D, E) can be matched to their parent
pairs (1, 2, 3) with certainty based on the evidence?

Write the number of the parent pair (1, 2 or 3) in the cell to the corresponding baby(ies).

Mark a dash (-) in cell(s) corresponding to a child with multiple possible parent pairs.

A.23

Child | C | Parent
Child | D | Parent
Child | E | Parent

(0.25pt)

Predict the genotype of the child and the parent pair that can be matched with certainty based on your

answer in 2.3.

Indicate one possible genotype of the child and the corresponding parent pair.

Mark a dash (-) in cell(s) corresponding to a child with multiple possible parent pair.

A24

Genotype Genotype of the parents
of the child Father Mother
Child | C Parent
Child | D Parent
Child | E Parent

(0.25pt)
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OnwTa ynyrcTBa:

1. Tae roa ce Tpaxu ga y kyhuuy ynuwete kpctuh (X), ynuwTte ra Ha cnegehum HaumH.

2. Tpe rog ce Tpaxu ga y kyhuuy ynuieTe upTtudy (-), ynuwmTe je Ha cnegehn HaumH.

3agaTak 4. ictpaxmBawe 3ameHe HoBopoheHnx 6e6a y 6onHuLM

OBO je nCTpaxurBauky ekcnepyMeHT 3a naeHTudurkauuvjy pogutemsa Tpy HoBopoheHe 6ebe Koje cy ce
nomewuane y 6onHnun. igeHtnourkauuja he ce Bpwunt y3 nomoh kpeHux rpyna. o 1980. roanHe y ¢po-
peH3uLWM cy KopuwheHe KpBHe rpyna, anu je To caja 3aMeHeHo ApYrMM TeXHVKaMa Koje Cy noysgaHuje.
ABO rpyna KpBWU je 1 gajbe BaxKHa 3a TpaHcPy3ujy KpBu.

MpncycTBO NAK OACYCTBO aHTUreHa A 1 B Ha upBeHUM KpBHUM 3pHUMMa (RBCS) ogpehyje KpBHY rpyny
nojeanHua. Ocoba ca camo aHTuUreHoM A 6uhe KpBHe rpyne A. Ocoba ca camo aHTUreHom B 6uhe kpBHe
rpyne B. Ocoba ca oba aHTuUreHa A n B nmahe kpBHy rpyny AB, 40K OHa KOja HemMa HMjeAaH of, aHTUreHa
nMa KpBHY rpyny O. OBe aHTUreHe KoAMpPajy afienn reHa o4roBOPHOr 338 HUXOBY CUHTE3Y. AHTUreH A je
KOAMPaH anenom I4, Aok je aHTureH B kogvpaH anenom 2. Kaga ocoba Hocn 06a anena i aHTUreH ce He
cvHTeTuwe. Anenv 14 n I8 cy Ko-4OMUHaHTHW. Afen i je peLecvBaH y ogHoCy Ha anene [4 n 15,

MprCyCcTBO aHTUreHa ce MoXe UAeHTUNKOBATM YyNoTpeboM aHTUTena. Ha npumep, ako ce y KpB ocobe
Ca KpBHOM rpyrnom A fofia aHTUTeI0 NPOTUB aHTUreHa A, sohu he Ao arnyTuHauumje (3rpyLuaBara) epuT-
pouuTa. ¥ o0BOM eKkcrepmuMeHTy HeheTe KOpUCTUTK y30pKe KpBuW, Beh pacTBope Koju onoHaluajy npouec
arnyTuHaumje (3rpylaBamba) KpBu Y MPUCYCTBY AaTor aHTuTena. Npouec je onoHalwaH kopuwhexem xe-
MUKanuja, a npeumnuTaumja (Tanoxere) npeAcras/ba npouec arnyTnHaumje. Ynotpeby xemmkannja 3a
JEeMOHCTpUpaHe KOHLIeNnTa KpBHUX rpyna passuna je MarganeHa Bajpak ca YHuBep3uTeTta Eant KosaH
y MNepTy, Ayctpanunja (Harrison T, 2015, Science in school, 32: 33-36)

0O6e36eheH maTepujan:
CTakneHun v octanu npubop

1. Y30pum Koju onoHaluajy KpB (yKynHo 13) y naacTuyHmMMm kmeetama o4 1,5 ml (y ctanky) o3HaueHnM
Ha cnegehun HaunH:

(i). Yetnpw y3opka W, X, Y 1 Z (kopuctuhe ce y Bexoun 1).
(ii). AeBeT y30paka C, D, E, 1F, 1M, 2F, 2M, 3F, 3M (kopucTuhe ce y Bexxou 2).

2. 3X 15 ml plastic tubes labeled as Anti - A, Anti - B and NA which have mimicked antibodies against
antigen A, antigen B and no antibody, respectively. These have been placed in a 250 ml plastic
beaker.

3. YeTnpu npeaMeTHa CTakna ca Tpu yay6/berba Ha CBakoM.
4. 7 NNacTMYHUX KanasbKu.

5. Yawa og 250 ml ca agectnnoBaHoM BOAOM
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6. NepMaHeHTHN MapKep
7. MNpaBoyraoHe HanenHuue
8. A4 nncT UpHOr Nanupa 3a NocTaB/bakbe NpeAMeTHUX NMaounLa
9. KaHTa 3a oTnartke
10. JoaaTHa fecTtunoBaHa Boja y dnawum
Bexx6a 1: UaeHTPMKoBaTU KpBHE rpyne ysopaka kppu W, X, Yun z

1. Pacnopegute 4YeTupu npeameTHe naouyue ca yayb/benrMa Tako Aa HanpasuTe Mpexy CAUYHY
OHOj NpuKa3aHoj Ha canum 1.1. NpegMeTHe naoymLe Tpeba NOCTaBUTU Ha LPHM INCT Nanupa Koju
cTe gobunu.

AntiAQOOQ
mis] O OO 1O
w | O] OO0

Cnuka 1.1

2. Nomohy Mapkepa 1 HanenHnLUa o3HaunTe yayb/bera y Mpexu Kao LUTO je rope o3HadeHo. NA je 03Ha-
Ka 3a HeMa aHTuTena.

3.1 O3HaunTK TpW Kanaseke kao Anti-A (koja he ce KOPUCTUTK caMo 3a y3nMarse aHTuTena A), Anti-B
(koja he ce KOpUCTUTK Camo 3a y3uMare aHTuTena B) n NA (koja he ce KOpUCTUTKM 3a y3MMaHe pacTBopa
o3HauyeHor Kao NA).

3.2 KopuctuTte npeocTase KarnasbKe 3a y30pKe KpBu.

3.3 MNpe noyeTtka 1 U3Mehy y3rmara ABa pPa3nnynTa y3opka, ncnepuTte Kanassbky Hekonnko nyTa (15 go
20 nyTa) AecTunoBaHOM BOAOM fia bucTe 6L CUTYPHU Aa je YncTa.

3.4 YBepuTe ce fa Cy Kanasbke YncTe Tako Aa y30pum He 6yay YHaKpCHO KOHTaMMpaHu.V36erasajte fo-
AVpVBakbe J0AaTVX PacTBOpa Y 610 KOjeM 04 yayb/bera Ha NPeAMeTHOM CTaKy.

4. Y3 nomoh 4uncTe Kanasbke CTaBUTK Kan y3opka kpau W y cBako o yayb/bera y KonoHu 1.
5. HactaBuTW UCTO ca ocTasna Tpu y3opka Kpsu (X, Y u Z).

6. Y npBu peay goaatn 1 kan Anti A (aHTUTeNa NpoTnB A-aHTUreHa) y CBako yaybsbemy.

7.Y apyru pegy gogatn 1 kan Anti B (aHTUTena npotmBe B-aHTUreHa) y cBako yayb/betrse.

8. Y Tpehn pegy gogaTtn 1 Kan pactBopa 6e3 aHTuTena (NA).
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A.1.1  MNocmaTpaTnyaybrberba 1 3a6enexmnT NprcycTBo 6enor Tanora (Koju ornoHalla (0,75pt)
arnyTuHauujy kpeu) y ogrosapajyhum nosuma y taéenu 1.1 ynncmsamwem
KpcTtuha (X). Ynucatm uptumuy (-) y nosbrma Tabene Koje oarosapajy yayo/beru-

Ma Yy KOojuMa Huje npumMeheH Tanor.

Tabena 1.1
W |  X|Y|Z
Anti-A
Anti-B

NA

A.1.2  3amonwuTe cynepsusopa ja ¢poTorpaduile naounly. Cynepsrsop he nocnat (0.25pt)
doTorpadujy y Bawle me.

Ha ocHoBy cBor 3anaxatba, ugeHTndukyjte KpBHe rpyne yzopaka W, X, Y n Zy tabenn 1.2 ynucmsarwem
Kpctuha (X) y ogrosapajyhem nosy.

A.1.3 (0.25pt)
Ta6ena 1.2
KpBHa rpyna
Ysopak |A|B|AB | O
W
X
Y
z

Identify the row(s) (Anti A, Anti B and NA) in Figure 1.1 that act(s) as the control for the experiment with
a cross (X) in the correct cell(s). Mark dash (-) in the remaining one(s).
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A1.4 (0.25pt)

Anti-A | Anti-B | NA

Bexx6a 2: UaeHTPUKOBATU KPBHE rpyne poautesba U 6e6a y nokyllajy aa ce 6e6e Bpate buxo-
BUM NpaBuM poanTe/bumMa.

MocToje Tpn HoBopofeHueTa (C, D n E), unje o3Hake ykasyjy Aa cy UM poanTes/bm NomeLuaHn. [a 6u ce
TayHO UAeHTUUKOBaNW poanTeb Tpu bebe, y3eTu cy y3opum KpBu o4 6eba n og Mmoryhumx pogutessa
(1 po 3). EkcneprmMeHTOM he ce nokyLlaTtn naeHTudumkaumja pogmrtesba Tpujy 6e6a Ha 0CHOBY HUXOBUX
KPBHUX rpyna.

3a ngeHtTndukauynjy gobmjate nMuTaumjy 9 ysopaka KpBM 03HaYeHMX Ha ciegefn HaunH:

HanomeHa: Y Tabenu, F o3HauaBa oua (Huje >keHcko), a M 03HavaBa Majky (HMje MyLLKO).

Y30pak 6p. | O3HaKa | Y3o0pak KpBU U3
1 1F Poautema 1 oua

2 1™ Poautema 1 majke
3 2F PoauTtersa 2 oua

4 2M PoauTesa 2 majke
5 3F Poguntessa 3 oua

6 3M PoauTesa 3 majke
7 C bebe C

8 D bebe D

9 E Bebe E

2.1. 3a cBaky og y30paKa KpBu naeHTndUKyjTe KpBHY rpyny npatehu npoueaypy onvcaHy y npBoj Bexe6u.

HanomeHa:

*+ IOk MOHOBO KOPUCTUTE yayb/bera Ha NpesMeTHO] MA0UNLM, NAX/bMBO X UCNepuTe AecTUI0Ba-
HOM BOZOM 1 J06PO MX OCYLLMTE MAapaMMLLOM Mpe Hero LUTO CTaBUTe y30pKe Y HUX.

* YBepuTe ce fa cy Kanasbke YncTe npe y3riMaka y30paka KpBu.

Y tabenn 1.3 ynuwmnte kKpctuh (X) y ogrosapajyha nosba ako je Tanor npucyTtaH. Ynumwwure uptumgy (-)
y Mosba 3a naoune ca yaybsberrimMa y Kojma Huije 3abeniexxeHo NpucyCcTBo Tanora.
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A.2.1.1 CHumuTe dpoTorpadumje obenexeHmx nNaoymLa Kao WTO je ypaheHo y 1.2. 3a-  (4.5pt)
MonUTe cynepsu3opa Aa poTtorpaduiue osHayeHy naoumuy. Cynepsusop he
nocnatn dotorpaduijy y BaLle nme.

Ta6ena 1.3
1F|1M | 2F |[2M [3F |[3BM | C | D | E
Anti-A
Anti-B
NA

Ha ocHoBy pe3ynTaTta ekcneprMeHTa, naeHTUGMKYjTe KpBHE rpyne CBakor of AeBeT y3opaka ynucyjyhu
kpctuh (X) y ogrosapajyhem nosy y tabenu 1.4.

A.2.1.2 (0.50pt)

Ta6ena 1.4
KpBHa rpyna 6e6a
beb6a | KpeHa rpyna A | KpeHa rpyna B | KpsHa rpyna AB | KpsHa rpyna O

KpBHa rpyna poanTesmsa

1F
™
2F
2M
3F
3M

Ha ocHOBY pa3nnuunTx KPBHUX rpyna Koje cTe ngeHTudunkosanm, o3Haumte moryhe napose poaunTesba
3a 6ebe C, D n E ynucmarem kpctmha (X) y oaroapajyhem nosy (ogrosapajyhum nossuma) y Tabenm
1.5. Morno 6u noctojatv Buwe of jeaHe moryhHocTy. Ynuwite upTuLy (-) y npeocTtano nosbe (npeocrana
noJsba).
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A.2.2

Ta6ena 1.5

Map poguTtessa 1

MNap poauteoantessa 2 | Map poanTessa 3

beba C

Be6a D

beba E

(1.0pt)

Ha ocHoBy Bawwmnx gewndpoBara KpBHUX rpyna 3a kojy 6e6y(e) (C, D, E) ce moxe 6e3 nkakBe Cyme
TBPAUTW A3 je ynapeHa ca CBojuM pogutemsnma (1, 2, 3)?

Ynuwute 6poj poautessa (1, 2 nnm 3) y nosbe 3a ogrosapajyhy 6e6y(e).
O3HauuTe upTHLy (-) y Nosby(nosbrMa) Koje oaroBapa AeTeTy ca BuLle Moryhrx naposa poauTesba.

A.23

Jete | C | Poautemn
Jete | D | Poautemn
Jete | E | Poautemn

(0.25pt)

MpesBUANTE reHOTUMN AeTETA U POAUTE/bA KOjU Ce 6E3 IKAaKBE CYyMHE MOXE YNapuUTV Ha OCHOBY O4r0BOpPa

2.3.

HaseauTe jeaaH moryhum reHoTun geTeTa 1 ogrosapajyher napa poavTesba.

YnuwTe uptruy (-) y nosby(nosbrma) Koje ogroBapa geTeTy ca BuLle Moryhux poanTessa.

A24

FreHoTUn FeHoTUN poauTeba
pereta OTay, Majka
AeTe Poguten
AeTe PoguTten
AeTte PoguTten

(0.25pt)
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General Instructions :

1. Wherever asked to mark the cell with a cross (X), mark as follows.

2. Wherever asked to mark the cell with a dash (-), mark as follows.

Q.4. Investigating mixup of newborn babies in a hospital

This is an investigative experiment to identify parents of three newborn babies who got mixed in a hos-
pital. The identification will be done with the help of blood groups. Untill the 1980s blood groups were
used in forensics, but this has now been replaced by other techniques that are more reliable. ABO blood
typing is still important for blood transfusions.

The presence or absence of A and B antigens on the Red Blood Cells (RBCs) determines the ABO blood
group of an individual. A person with only antigen A will be of blood group A. A person with only antigen
B will be of blood group B. A person with both antigens A and B will have blood group AB, while one who
has neither of the antigens has a blood group of O type. These antigens in an individual are governed
by the alleles of the gene responsible for their synthesis. Antigen A is determined by the allele 74, while
antigen B is determined by the allele 72. No antigens are produced when an individual carries the i allele.
The alleles 74 and I are co-dominant. The allele i is recessive to both 74 and I5. alleles.

The presence of a given antigen can be identified by the use of antibodies. For example, if an antibody
against antigen A is added to blood from a person with blood group A, RBCs will clump together or
agglutinate. In this experiment, you will not use blood samples but solutions that mimic the process
of agglutination (clumping) of blood in the presence of a given antibody. The process has been mim-
icked using chemicals and precipitation represents the process of agglutination. The use of chemicals to
demonstrate the concept of blood groups was developed by Magdalena Wajrak of Edith Cowan Univer-
sity in Perth, Australia (Harrison T, 2015, Science in school, 32: 33-36)

Materials provided:
Glassware and miscellaneous items
1. Mimicked blood samples (13 in all) in 1.5 ml plastic tubes (in stand) labelled as follows:
(i). Four samples W, X, Y and Z (to be used in Exercise 1).
(ii). Nine samples C, D, E, 1F, 1M, 2F, 2M, 3F, 3M (to be used in Exercise 2).

2. 3X 15 ml plastic tubes labeled as Anti - A, Anti - B and NA which have mimicked antibodies against
antigen A, antigen B and no antibody, respectively. These have been placed in a 250 ml plastic
beaker.

3. Four Cavity slides with 3 wells in each.
4. 7 plastic droppers.
5. 250 ml beaker with distilled water
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Permanent marker

Rectangular labels

A4 sheet of black paper for placing slides
Waste bin

Additional distilled water in a bottle

© v x N o

Note: Please raise your hand, if you require additional distilled water.
Tissue papers and waste beaker will be provided by the supervisor
Exercise 1: Identify the blood groups of the blood samples W, X, Y and Z

1. Arrange four cavity slides to make a grid similar to the one shown in Figure 1.1. The slides should
be placed on the black sheet provided to you.

AntiAOOOQ
mis] O OO 1O
w ]| O] OO0

Figure 1.1

2. With the marker pen and labels provided, mark the wells of the grid as above.NA stands for no anti-
body.

3.1 Mark three droppers one as Anti-A (to be used only for taking Antibody A), one as Anti-B (to be used
only for taking Antibody B) and one as NA (to be used for taking the solution marked as NA).

3.2 Use the remaining droppers for blood samples.

3.3 Before starting and in between taking two different samples, flush the dropper several times (15 to
20 times) with distilled water to ensure that they are clean.

3.4 Ensure that the droppers are clean so that samples do not become cross-contaminated. Please avoid
touching the added solutions in any of the wells of the cavity slide.

4, Using a clean dropper, place a drop of blood sample W in each of the wells in column 1.

5. Continue the same with the other three blood samples (X, Y and Z).

6. In the first row, add 1 drop of Anti A (antibodies against A-antigen) in each of the wells.

7. In the second row, add 1 drop of Anti B (antibodies against B-antigen) in each of the wells.

8. In the third row, add 1 drop of NA solution.
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A.1.1  Observe the wells and record the presence of white precipitate (mimicking ag- (0.75pt)
glutination of blood) in the appropriate cells in Table 1.1 by marking a cross
(X). Mark a dash (-) in cells representing wells where no precipitation was ob-
served.

Table 1.1
W | X|Y|Z

Anti-A

Anti-B

NA

A.1.2  Request your supervisor to take a photograph of the plate. The supervisor will (0.25pt)
submit the photograph on your behalf.

Based on your observation, identify the blood groups of the samples W, X, Y and Z in Table 1.2 by marking
a cross (X) in the appropriate cell.

A.1.3 (0.25pt)
Table 1.2
Blood Group
Sample | A|B|AB | O
w
X
Y
YA

Identify the row(s) (Anti A, Anti B and NA) in Figure 1.1 that act(s) as the control for the experiment with
a cross (X) in the correct cell(s). Mark dash (-) in the remaining one(s).
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A1.4 (0.25pt)

Anti-A | Anti-B | NA

Exercise 2: Identify the blood groups of the parents and the babies in an attempt to restore the
babies to their respective parents.

There are three newborn babies (C, D and E), whose tags indicating their parents have been mixed up.
In order to identify the correct parents of the three babies, blood samples were taken from the babies
and the possible parents (1 to 3). The experiment attempts to identify the parents of the three babies
based on their blood groups.

For the identification you are provided with mimic of 9 blood samples labeled as follows:

Note: In the table, F stands for Father (not female) and M stands for Mother (not male).

Sample No. | Label | Blood sample from
1 1F Parent 1 father

2 ™ Parent 1 mother
3 2F Parent 2 father

4 2M Parent 2 mother
5 3F Parent 3 father

6 3M Parent 3 mother
7 C Baby C

8 D Baby D

9 E Baby E

2.1. For each of the blood samples, identify the blood group following the procedure described in the
first exercise.

Note:

+ Before reusing the cavity slides, wash them carefully with distilled water and dry them well with
tissue paper before putting samples in them.

* Ensure that the droppers are clean before taking the blood samples.

In Table 1.3, mark a cross (X) in the appropriate cells for the presence of precipitate. Mark a dash (-)
in cells representing wells where no precipitation was observed.
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A.2.1.1 Take photographs of the labeled slides as done in 1.2. Request your supervisor  (4.5pt)
to take photographs of the labeled slide. The supervisor will submit the photo-
graph on your behalf.

Table 1.3
1F|1M | 2F |[2M [3F |[3BM | C | D | E
Anti-A
Anti-B
NA

Based on the results of the experiment, identify the blood groups of each of the nine samples by marking
a cross (X) in the appropriate cell in Table 1.4.

A.2.1.2 (0.50pt)

Table 1.4
Blood group of babies
Baby | Blood group A | Blood group B | Blood group AB | Blood group O

Blood group of parents

1F
™
2F
2M
3F
3M

Based on the different blood groups identified by you, indicate the possible parent pairs for the babies
C, D and E by marking a cross (X) in the appropriate cell(s) in Table 1.5. There could be more than one
possibility. Mark a dash (-) in the remaining cell(s).
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A.2.2

Table 1.5
Parent pair 1 | Parent pair 2 | Parent pair 3
Baby C
Baby D
Baby E

(1.0pt)

Based on your interpretations of the blood groups which baby(ies) (C, D, E) can be matched to their parent
pairs (1, 2, 3) with certainty based on the evidence?

Write the number of the parent pair (1, 2 or 3) in the cell to the corresponding baby(ies).

Mark a dash (-) in cell(s) corresponding to a child with multiple possible parent pairs.

A.23

Child | C | Parent
Child | D | Parent
Child | E | Parent

(0.25pt)

Predict the genotype of the child and the parent pair that can be matched with certainty based on your

answer in 2.3.

Indicate one possible genotype of the child and the corresponding parent pair.

Mark a dash (-) in cell(s) corresponding to a child with multiple possible parent pair.

A24

Genotype Genotype of the parents
of the child Father Mother
Child | C Parent
Child | D Parent
Child | E Parent

(0.25pt)
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OnwTa ynyrcTBa:

1. Tae roa ce Tpaxu ga y kyhuuy ynuwete kpctuh (X), ynuwTte ra Ha cnegehum HaumH.

2. Tpe rog ce Tpaxu ga y kyhuuy ynuieTe upTtudy (-), ynuwmTe je Ha cnegehn HaumH.

3agaTak 4. ictpaxmBawe 3ameHe HoBopoheHnx 6e6a y 6onHuLM

OBO je nCTpaxurBauky ekcnepyMeHT 3a naeHTudurkauuvjy pogutemsa Tpy HoBopoheHe 6ebe Koje cy ce
nomewuane y 6onHnun. igeHtnourkauuja he ce Bpwunt y3 nomoh kpeHux rpyna. o 1980. roanHe y ¢po-
peH3uLWM cy KopuwheHe KpBHe rpyna, anu je To caja 3aMeHeHo ApYrMM TeXHVKaMa Koje Cy noysgaHuje.
ABO rpyna KpBWU je 1 gajbe BaxKHa 3a TpaHcPy3ujy KpBu.

MpncycTBO NAK OACYCTBO aHTUreHa A 1 B Ha upBeHUM KpBHUM 3pHUMMa (RBCS) ogpehyje KpBHY rpyny
nojeanHua. Ocoba ca camo aHTuUreHoM A 6uhe KpBHe rpyne A. Ocoba ca camo aHTUreHom B 6uhe kpBHe
rpyne B. Ocoba ca oba aHTuUreHa A n B nmahe kpBHy rpyny AB, 40K OHa KOja HemMa HMjeAaH of, aHTUreHa
nMa KpBHY rpyny O. OBe aHTUreHe KoAMpPajy afienn reHa o4roBOPHOr 338 HUXOBY CUHTE3Y. AHTUreH A je
KOAMPaH anenom I4, Aok je aHTureH B kogvpaH anenom 2. Kaga ocoba Hocn 06a anena i aHTUreH ce He
cvHTeTuwe. Anenv 14 n I8 cy Ko-4OMUHaHTHW. Afen i je peLecvBaH y ogHoCy Ha anene [4 n 15,

MprCyCcTBO aHTUreHa ce MoXe UAeHTUNKOBATM YyNoTpeboM aHTUTena. Ha npumep, ako ce y KpB ocobe
Ca KpBHOM rpyrnom A fofia aHTUTeI0 NPOTUB aHTUreHa A, sohu he Ao arnyTuHauumje (3rpyLuaBara) epuT-
pouuTa. ¥ o0BOM eKkcrepmuMeHTy HeheTe KOpUCTUTK y30pKe KpBuW, Beh pacTBope Koju onoHaluajy npouec
arnyTuHaumje (3rpylaBamba) KpBu Y MPUCYCTBY AaTor aHTuTena. Npouec je onoHalwaH kopuwhexem xe-
MUKanuja, a npeumnuTaumja (Tanoxere) npeAcras/ba npouec arnyTnHaumje. Ynotpeby xemmkannja 3a
JEeMOHCTpUpaHe KOHLIeNnTa KpBHUX rpyna passuna je MarganeHa Bajpak ca YHuBep3uTeTta Eant KosaH
y MNepTy, Ayctpanunja (Harrison T, 2015, Science in school, 32: 33-36)

0O6e36eheH maTepujan:
CTakneHun v octanu npubop

1. Y30pum Koju onoHaluajy KpB (yKynHo 13) y naacTuyHmMMm kmeetama o4 1,5 ml (y ctanky) o3HaueHnM
Ha cnegehun HaunH:

(i). Yetnpw y3opka W, X, Y 1 Z (kopuctuhe ce y Bexoun 1).
(ii). AeBeT y30paka C, D, E, 1F, 1M, 2F, 2M, 3F, 3M (kopucTuhe ce y Bexxou 2).

2. 3X 15 ml plastic tubes labeled as Anti - A, Anti - B and NA which have mimicked antibodies against
antigen A, antigen B and no antibody, respectively. These have been placed in a 250 ml plastic
beaker.

3. YeTnpu npeaMeTHa CTakna ca Tpu yay6/berba Ha CBakoM.
4. 7 NNacTMYHUX KanasbKu.

5. Yawa og 250 ml ca agectnnoBaHoM BOAOM
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6. NepMaHeHTHN MapKep
7. MNpaBoyraoHe HanenHuue
8. A4 nncT UpHOr Nanupa 3a NocTaB/bakbe NpeAMeTHUX NMaounLa
9. KaHTa 3a oTnartke
10. JoaaTHa fecTtunoBaHa Boja y dnawum
Bexx6a 1: UaeHTPMKoBaTU KpBHE rpyne ysopaka kppu W, X, Yun z

1. Pacnopegute 4YeTupu npeameTHe naouyue ca yayb/benrMa Tako Aa HanpasuTe Mpexy CAUYHY
OHOj NpuKa3aHoj Ha canum 1.1. NpegMeTHe naoymLe Tpeba NOCTaBUTU Ha LPHM INCT Nanupa Koju
cTe gobunu.

AntiAQOOQ
mis] O OO 1O
w | O] OO0

Cnuka 1.1

2. Nomohy Mapkepa 1 HanenHnLUa o3HaunTe yayb/bera y Mpexu Kao LUTO je rope o3HadeHo. NA je 03Ha-
Ka 3a HeMa aHTuTena.

3.1 O3HaunTK TpW Kanaseke kao Anti-A (koja he ce KOPUCTUTK caMo 3a y3nMarse aHTuTena A), Anti-B
(koja he ce KOpUCTUTK Camo 3a y3uMare aHTuTena B) n NA (koja he ce KOpUCTUTKM 3a y3MMaHe pacTBopa
o3HauyeHor Kao NA).

3.2 KopuctuTte npeocTase KarnasbKe 3a y30pKe KpBu.

3.3 MNpe noyeTtka 1 U3Mehy y3rmara ABa pPa3nnynTa y3opka, ncnepuTte Kanassbky Hekonnko nyTa (15 go
20 nyTa) AecTunoBaHOM BOAOM fia bucTe 6L CUTYPHU Aa je YncTa.

3.4 YBepuTe ce fa Cy Kanasbke YncTe Tako Aa y30pum He 6yay YHaKpCHO KOHTaMMpaHu.V36erasajte fo-
AVpVBakbe J0AaTVX PacTBOpa Y 610 KOjeM 04 yayb/bera Ha NPeAMeTHOM CTaKy.

4. Y3 nomoh 4uncTe Kanasbke CTaBUTK Kan y3opka kpau W y cBako o yayb/bera y KonoHu 1.
5. HactaBuTW UCTO ca ocTasna Tpu y3opka Kpsu (X, Y u Z).

6. Y npBu peay goaatn 1 kan Anti A (aHTUTeNa NpoTnB A-aHTUreHa) y CBako yaybsbemy.

7.Y apyru pegy gogatn 1 kan Anti B (aHTUTena npotmBe B-aHTUreHa) y cBako yayb/betrse.

8. Y Tpehn pegy gogaTtn 1 Kan pactBopa 6e3 aHTuTena (NA).
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A.1.1  MNocmaTpaTnyaybrberba 1 3a6enexmnT NprcycTBo 6enor Tanora (Koju ornoHalla (0,75pt)
arnyTuHauujy kpeu) y ogrosapajyhum nosuma y taéenu 1.1 ynncmsamwem
KpcTtuha (X). Ynucatm uptumuy (-) y nosbrma Tabene Koje oarosapajy yayo/beru-

Ma Yy KOojuMa Huje npumMeheH Tanor.

Tabena 1.1
W |  X|Y|Z
Anti-A
Anti-B

NA

A.1.2  3amonwuTe cynepsusopa ja ¢poTorpaduile naounly. Cynepsrsop he nocnat (0.25pt)
doTorpadujy y Bawle me.

Ha ocHoBy cBor 3anaxatba, ugeHTndukyjte KpBHe rpyne yzopaka W, X, Y n Zy tabenn 1.2 ynucmsarwem
Kpctuha (X) y ogrosapajyhem nosy.

A.1.3 (0.25pt)
Ta6ena 1.2
KpBHa rpyna
Ysopak |A|B|AB | O
W
X
Y
z

Identify the row(s) (Anti A, Anti B and NA) in Figure 1.1 that act(s) as the control for the experiment with
a cross (X) in the correct cell(s). Mark dash (-) in the remaining one(s).
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A1.4 (0.25pt)

Anti-A | Anti-B | NA

Bexx6a 2: UaeHTPUKOBATU KPBHE rpyne poautesba U 6e6a y nokyllajy aa ce 6e6e Bpate buxo-
BUM NpaBuM poanTe/bumMa.

MocToje Tpn HoBopofeHueTa (C, D n E), unje o3Hake ykasyjy Aa cy UM poanTes/bm NomeLuaHn. [a 6u ce
TayHO UAeHTUUKOBaNW poanTeb Tpu bebe, y3eTu cy y3opum KpBu o4 6eba n og Mmoryhumx pogutessa
(1 po 3). EkcneprmMeHTOM he ce nokyLlaTtn naeHTudumkaumja pogmrtesba Tpujy 6e6a Ha 0CHOBY HUXOBUX
KPBHUX rpyna.

3a ngeHtTndukauynjy gobmjate nMuTaumjy 9 ysopaka KpBM 03HaYeHMX Ha ciegefn HaunH:

HanomeHa: Y Tabenu, F o3HauaBa oua (Huje >keHcko), a M 03HavaBa Majky (HMje MyLLKO).

Y30pak 6p. | O3HaKa | Y3o0pak KpBU U3
1 1F Poautema 1 oua

2 1™ Poautema 1 majke
3 2F PoauTtersa 2 oua

4 2M PoauTesa 2 majke
5 3F Poguntessa 3 oua

6 3M PoauTesa 3 majke
7 C bebe C

8 D bebe D

9 E Bebe E

2.1. 3a cBaky og y30paKa KpBu naeHTndUKyjTe KpBHY rpyny npatehu npoueaypy onvcaHy y npBoj Bexe6u.

HanomeHa:

*+ IOk MOHOBO KOPUCTUTE yayb/bera Ha NpesMeTHO] MA0UNLM, NAX/bMBO X UCNepuTe AecTUI0Ba-
HOM BOZOM 1 J06PO MX OCYLLMTE MAapaMMLLOM Mpe Hero LUTO CTaBUTe y30pKe Y HUX.

* YBepuTe ce fa cy Kanasbke YncTe npe y3riMaka y30paka KpBu.

Y tabenn 1.3 ynuwmnte kKpctuh (X) y ogrosapajyha nosba ako je Tanor npucyTtaH. Ynumwwure uptumgy (-)
y Mosba 3a naoune ca yaybsberrimMa y Kojma Huije 3abeniexxeHo NpucyCcTBo Tanora.
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A.2.1.1 CHumuTe dpoTorpadumje obenexeHmx nNaoymLa Kao WTO je ypaheHo y 1.2. 3a-  (4.5pt)
MonUTe cynepsu3opa Aa poTtorpaduiue osHayeHy naoumuy. Cynepsusop he
nocnatn dotorpaduijy y BaLle nme.

Ta6ena 1.3
1F|1M | 2F |[2M [3F |[3BM | C | D | E
Anti-A
Anti-B
NA

Ha ocHoBy pe3ynTaTta ekcneprMeHTa, naeHTUGMKYjTe KpBHE rpyne CBakor of AeBeT y3opaka ynucyjyhu
kpctuh (X) y ogrosapajyhem nosy y tabenu 1.4.

A.2.1.2 (0.50pt)

Ta6ena 1.4
KpBHa rpyna 6e6a
beb6a | KpeHa rpyna A | KpeHa rpyna B | KpsHa rpyna AB | KpsHa rpyna O

KpBHa rpyna poanTesmsa

1F
™
2F
2M
3F
3M

Ha ocHOBY pa3nnuunTx KPBHUX rpyna Koje cTe ngeHTudunkosanm, o3Haumte moryhe napose poaunTesba
3a 6ebe C, D n E ynucmarem kpctmha (X) y oaroapajyhem nosy (ogrosapajyhum nossuma) y Tabenm
1.5. Morno 6u noctojatv Buwe of jeaHe moryhHocTy. Ynuwite upTuLy (-) y npeocTtano nosbe (npeocrana
noJsba).
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A.2.2

Ta6ena 1.5

Map poguTtessa 1

MNap poauteoantessa 2 | Map poanTessa 3

beba C

Be6a D

beba E

(1.0pt)

Ha ocHoBy Bawwmnx gewndpoBara KpBHUX rpyna 3a kojy 6e6y(e) (C, D, E) ce moxe 6e3 nkakBe Cyme
TBPAUTW A3 je ynapeHa ca CBojuM pogutemsnma (1, 2, 3)?

Ynuwute 6poj poautessa (1, 2 nnm 3) y nosbe 3a ogrosapajyhy 6e6y(e).
O3HauuTe upTHLy (-) y Nosby(nosbrMa) Koje oaroBapa AeTeTy ca BuLle Moryhrx naposa poauTesba.

A.23

Jete | C | Poautemn
Jete | D | Poautemn
Jete | E | Poautemn

(0.25pt)

MpesBUANTE reHOTUMN AeTETA U POAUTE/bA KOjU Ce 6E3 IKAaKBE CYyMHE MOXE YNapuUTV Ha OCHOBY O4r0BOpPa

2.3.

HaseauTe jeaaH moryhum reHoTun geTeTa 1 ogrosapajyher napa poavTesba.

YnuwTe uptruy (-) y nosby(nosbrma) Koje ogroBapa geTeTy ca BuLle Moryhux poanTessa.

A24

FreHoTUn FeHoTUN poauTeba
pereta OTay, Majka
AeTe Poguten
AeTe PoguTten
AeTte PoguTten

(0.25pt)
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General Instructions :

1. Wherever asked to mark the cell with a cross (X), mark as follows.

2. Wherever asked to mark the cell with a dash (-), mark as follows.

Q.4. Investigating mixup of newborn babies in a hospital

This is an investigative experiment to identify parents of three newborn babies who got mixed in a hos-
pital. The identification will be done with the help of blood groups. Untill the 1980s blood groups were
used in forensics, but this has now been replaced by other techniques that are more reliable. ABO blood
typing is still important for blood transfusions.

The presence or absence of A and B antigens on the Red Blood Cells (RBCs) determines the ABO blood
group of an individual. A person with only antigen A will be of blood group A. A person with only antigen
B will be of blood group B. A person with both antigens A and B will have blood group AB, while one who
has neither of the antigens has a blood group of O type. These antigens in an individual are governed
by the alleles of the gene responsible for their synthesis. Antigen A is determined by the allele 74, while
antigen B is determined by the allele 72. No antigens are produced when an individual carries the i allele.
The alleles 74 and I are co-dominant. The allele i is recessive to both 74 and I5. alleles.

The presence of a given antigen can be identified by the use of antibodies. For example, if an antibody
against antigen A is added to blood from a person with blood group A, RBCs will clump together or
agglutinate. In this experiment, you will not use blood samples but solutions that mimic the process
of agglutination (clumping) of blood in the presence of a given antibody. The process has been mim-
icked using chemicals and precipitation represents the process of agglutination. The use of chemicals to
demonstrate the concept of blood groups was developed by Magdalena Wajrak of Edith Cowan Univer-
sity in Perth, Australia (Harrison T, 2015, Science in school, 32: 33-36)

Materials provided:
Glassware and miscellaneous items
1. Mimicked blood samples (13 in all) in 1.5 ml plastic tubes (in stand) labelled as follows:
(i). Four samples W, X, Y and Z (to be used in Exercise 1).
(ii). Nine samples C, D, E, 1F, 1M, 2F, 2M, 3F, 3M (to be used in Exercise 2).

2. 3X 15 ml plastic tubes labeled as Anti - A, Anti - B and NA which have mimicked antibodies against
antigen A, antigen B and no antibody, respectively. These have been placed in a 250 ml plastic
beaker.

3. Four Cavity slides with 3 wells in each.
4. 7 plastic droppers.
5. 250 ml beaker with distilled water
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Permanent marker

Rectangular labels

A4 sheet of black paper for placing slides
Waste bin

Additional distilled water in a bottle

© v x N o

Note: Please raise your hand, if you require additional distilled water.
Tissue papers and waste beaker will be provided by the supervisor
Exercise 1: Identify the blood groups of the blood samples W, X, Y and Z

1. Arrange four cavity slides to make a grid similar to the one shown in Figure 1.1. The slides should
be placed on the black sheet provided to you.

AntiAOOOQ
mis] O OO 1O
w ]| O] OO0

Figure 1.1

2. With the marker pen and labels provided, mark the wells of the grid as above.NA stands for no anti-
body.

3.1 Mark three droppers one as Anti-A (to be used only for taking Antibody A), one as Anti-B (to be used
only for taking Antibody B) and one as NA (to be used for taking the solution marked as NA).

3.2 Use the remaining droppers for blood samples.

3.3 Before starting and in between taking two different samples, flush the dropper several times (15 to
20 times) with distilled water to ensure that they are clean.

3.4 Ensure that the droppers are clean so that samples do not become cross-contaminated. Please avoid
touching the added solutions in any of the wells of the cavity slide.

4, Using a clean dropper, place a drop of blood sample W in each of the wells in column 1.

5. Continue the same with the other three blood samples (X, Y and Z).

6. In the first row, add 1 drop of Anti A (antibodies against A-antigen) in each of the wells.

7. In the second row, add 1 drop of Anti B (antibodies against B-antigen) in each of the wells.

8. In the third row, add 1 drop of NA solution.
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A.1.1  Observe the wells and record the presence of white precipitate (mimicking ag- (0.75pt)
glutination of blood) in the appropriate cells in Table 1.1 by marking a cross
(X). Mark a dash (-) in cells representing wells where no precipitation was ob-
served.

Table 1.1
W | X|Y|Z

Anti-A

Anti-B

NA

A.1.2  Request your supervisor to take a photograph of the plate. The supervisor will (0.25pt)
submit the photograph on your behalf.

Based on your observation, identify the blood groups of the samples W, X, Y and Z in Table 1.2 by marking
a cross (X) in the appropriate cell.

A.1.3 (0.25pt)
Table 1.2
Blood Group
Sample | A|B|AB | O
w
X
Y
YA

Identify the row(s) (Anti A, Anti B and NA) in Figure 1.1 that act(s) as the control for the experiment with
a cross (X) in the correct cell(s). Mark dash (-) in the remaining one(s).
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A1.4 (0.25pt)

Anti-A | Anti-B | NA

Exercise 2: Identify the blood groups of the parents and the babies in an attempt to restore the
babies to their respective parents.

There are three newborn babies (C, D and E), whose tags indicating their parents have been mixed up.
In order to identify the correct parents of the three babies, blood samples were taken from the babies
and the possible parents (1 to 3). The experiment attempts to identify the parents of the three babies
based on their blood groups.

For the identification you are provided with mimic of 9 blood samples labeled as follows:

Note: In the table, F stands for Father (not female) and M stands for Mother (not male).

Sample No. | Label | Blood sample from
1 1F Parent 1 father

2 ™ Parent 1 mother
3 2F Parent 2 father

4 2M Parent 2 mother
5 3F Parent 3 father

6 3M Parent 3 mother
7 C Baby C

8 D Baby D

9 E Baby E

2.1. For each of the blood samples, identify the blood group following the procedure described in the
first exercise.

Note:

+ Before reusing the cavity slides, wash them carefully with distilled water and dry them well with
tissue paper before putting samples in them.

* Ensure that the droppers are clean before taking the blood samples.

In Table 1.3, mark a cross (X) in the appropriate cells for the presence of precipitate. Mark a dash (-)
in cells representing wells where no precipitation was observed.
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A.2.1.1 Take photographs of the labeled slides as done in 1.2. Request your supervisor  (4.5pt)
to take photographs of the labeled slide. The supervisor will submit the photo-
graph on your behalf.

Table 1.3
1F|1M | 2F |[2M [3F |[3BM | C | D | E
Anti-A
Anti-B
NA

Based on the results of the experiment, identify the blood groups of each of the nine samples by marking
a cross (X) in the appropriate cell in Table 1.4.

A.2.1.2 (0.50pt)

Table 1.4
Blood group of babies
Baby | Blood group A | Blood group B | Blood group AB | Blood group O

Blood group of parents

1F
™
2F
2M
3F
3M

Based on the different blood groups identified by you, indicate the possible parent pairs for the babies
C, D and E by marking a cross (X) in the appropriate cell(s) in Table 1.5. There could be more than one
possibility. Mark a dash (-) in the remaining cell(s).
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A.2.2

Table 1.5
Parent pair 1 | Parent pair 2 | Parent pair 3
Baby C
Baby D
Baby E

(1.0pt)

Based on your interpretations of the blood groups which baby(ies) (C, D, E) can be matched to their parent
pairs (1, 2, 3) with certainty based on the evidence?

Write the number of the parent pair (1, 2 or 3) in the cell to the corresponding baby(ies).

Mark a dash (-) in cell(s) corresponding to a child with multiple possible parent pairs.

A.23

Child | C | Parent
Child | D | Parent
Child | E | Parent

(0.25pt)

Predict the genotype of the child and the parent pair that can be matched with certainty based on your

answer in 2.3.

Indicate one possible genotype of the child and the corresponding parent pair.

Mark a dash (-) in cell(s) corresponding to a child with multiple possible parent pair.

A24

Genotype Genotype of the parents
of the child Father Mother
Child | C Parent
Child | D Parent
Child | E Parent

(0.25pt)
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OnwTa ynyrcTBa:

1. Tae roa ce Tpaxu ga y kyhuuy ynuwete kpctuh (X), ynuwTte ra Ha cnegehum HaumH.

2. Tpe rog ce Tpaxu ga y kyhuuy ynuieTe upTtudy (-), ynuwmTe je Ha cnegehn HaumH.

3agaTak 4. ictpaxmBawe 3ameHe HoBopoheHnx 6e6a y 6onHuLM

OBO je nCTpaxurBauky ekcnepyMeHT 3a naeHTudurkauuvjy pogutemsa Tpy HoBopoheHe 6ebe Koje cy ce
nomewuane y 6onHnun. igeHtnourkauuja he ce Bpwunt y3 nomoh kpeHux rpyna. o 1980. roanHe y ¢po-
peH3uLWM cy KopuwheHe KpBHe rpyna, anu je To caja 3aMeHeHo ApYrMM TeXHVKaMa Koje Cy noysgaHuje.
ABO rpyna KpBWU je 1 gajbe BaxKHa 3a TpaHcPy3ujy KpBu.

MpncycTBO NAK OACYCTBO aHTUreHa A 1 B Ha upBeHUM KpBHUM 3pHUMMa (RBCS) ogpehyje KpBHY rpyny
nojeanHua. Ocoba ca camo aHTuUreHoM A 6uhe KpBHe rpyne A. Ocoba ca camo aHTUreHom B 6uhe kpBHe
rpyne B. Ocoba ca oba aHTuUreHa A n B nmahe kpBHy rpyny AB, 40K OHa KOja HemMa HMjeAaH of, aHTUreHa
nMa KpBHY rpyny O. OBe aHTUreHe KoAMpPajy afienn reHa o4roBOPHOr 338 HUXOBY CUHTE3Y. AHTUreH A je
KOAMPaH anenom I4, Aok je aHTureH B kogvpaH anenom 2. Kaga ocoba Hocn 06a anena i aHTUreH ce He
cvHTeTuwe. Anenv 14 n I8 cy Ko-4OMUHaHTHW. Afen i je peLecvBaH y ogHoCy Ha anene [4 n 15,

MprCyCcTBO aHTUreHa ce MoXe UAeHTUNKOBATM YyNoTpeboM aHTUTena. Ha npumep, ako ce y KpB ocobe
Ca KpBHOM rpyrnom A fofia aHTUTeI0 NPOTUB aHTUreHa A, sohu he Ao arnyTuHauumje (3rpyLuaBara) epuT-
pouuTa. ¥ o0BOM eKkcrepmuMeHTy HeheTe KOpUCTUTK y30pKe KpBuW, Beh pacTBope Koju onoHaluajy npouec
arnyTuHaumje (3rpylaBamba) KpBu Y MPUCYCTBY AaTor aHTuTena. Npouec je onoHalwaH kopuwhexem xe-
MUKanuja, a npeumnuTaumja (Tanoxere) npeAcras/ba npouec arnyTnHaumje. Ynotpeby xemmkannja 3a
JEeMOHCTpUpaHe KOHLIeNnTa KpBHUX rpyna passuna je MarganeHa Bajpak ca YHuBep3uTeTta Eant KosaH
y MNepTy, Ayctpanunja (Harrison T, 2015, Science in school, 32: 33-36)

0O6e36eheH maTepujan:
CTakneHun v octanu npubop

1. Y30pum Koju onoHaluajy KpB (yKynHo 13) y naacTuyHmMMm kmeetama o4 1,5 ml (y ctanky) o3HaueHnM
Ha cnegehun HaunH:

(i). Yetnpw y3opka W, X, Y 1 Z (kopuctuhe ce y Bexoun 1).
(ii). AeBeT y30paka C, D, E, 1F, 1M, 2F, 2M, 3F, 3M (kopucTuhe ce y Bexxou 2).

2. 3X 15 ml plastic tubes labeled as Anti - A, Anti - B and NA which have mimicked antibodies against
antigen A, antigen B and no antibody, respectively. These have been placed in a 250 ml plastic
beaker.

3. YeTnpu npeaMeTHa CTakna ca Tpu yay6/berba Ha CBakoM.
4. 7 NNacTMYHUX KanasbKu.

5. Yawa og 250 ml ca agectnnoBaHoM BOAOM
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6. NepMaHeHTHN MapKep
7. MNpaBoyraoHe HanenHuue
8. A4 nncT UpHOr Nanupa 3a NocTaB/bakbe NpeAMeTHUX NMaounLa
9. KaHTa 3a oTnartke
10. JoaaTHa fecTtunoBaHa Boja y dnawum
Bexx6a 1: UaeHTPMKoBaTU KpBHE rpyne ysopaka kppu W, X, Yun z

1. Pacnopegute 4YeTupu npeameTHe naouyue ca yayb/benrMa Tako Aa HanpasuTe Mpexy CAUYHY
OHOj NpuKa3aHoj Ha canum 1.1. NpegMeTHe naoymLe Tpeba NOCTaBUTU Ha LPHM INCT Nanupa Koju
cTe gobunu.

AntiAQOOQ
mis] O OO 1O
w | O] OO0

Cnuka 1.1

2. Nomohy Mapkepa 1 HanenHnLUa o3HaunTe yayb/bera y Mpexu Kao LUTO je rope o3HadeHo. NA je 03Ha-
Ka 3a HeMa aHTuTena.

3.1 O3HaunTK TpW Kanaseke kao Anti-A (koja he ce KOPUCTUTK caMo 3a y3nMarse aHTuTena A), Anti-B
(koja he ce KOpUCTUTK Camo 3a y3uMare aHTuTena B) n NA (koja he ce KOpUCTUTKM 3a y3MMaHe pacTBopa
o3HauyeHor Kao NA).

3.2 KopuctuTte npeocTase KarnasbKe 3a y30pKe KpBu.

3.3 MNpe noyeTtka 1 U3Mehy y3rmara ABa pPa3nnynTa y3opka, ncnepuTte Kanassbky Hekonnko nyTa (15 go
20 nyTa) AecTunoBaHOM BOAOM fia bucTe 6L CUTYPHU Aa je YncTa.

3.4 YBepuTe ce fa Cy Kanasbke YncTe Tako Aa y30pum He 6yay YHaKpCHO KOHTaMMpaHu.V36erasajte fo-
AVpVBakbe J0AaTVX PacTBOpa Y 610 KOjeM 04 yayb/bera Ha NPeAMeTHOM CTaKy.

4. Y3 nomoh 4uncTe Kanasbke CTaBUTK Kan y3opka kpau W y cBako o yayb/bera y KonoHu 1.
5. HactaBuTW UCTO ca ocTasna Tpu y3opka Kpsu (X, Y u Z).

6. Y npBu peay goaatn 1 kan Anti A (aHTUTeNa NpoTnB A-aHTUreHa) y CBako yaybsbemy.

7.Y apyru pegy gogatn 1 kan Anti B (aHTUTena npotmBe B-aHTUreHa) y cBako yayb/betrse.

8. Y Tpehn pegy gogaTtn 1 Kan pactBopa 6e3 aHTuTena (NA).
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A.1.1  MNocmaTpaTnyaybrberba 1 3a6enexmnT NprcycTBo 6enor Tanora (Koju ornoHalla (0,75pt)
arnyTuHauujy kpeu) y ogrosapajyhum nosuma y taéenu 1.1 ynncmsamwem
KpcTtuha (X). Ynucatm uptumuy (-) y nosbrma Tabene Koje oarosapajy yayo/beru-

Ma Yy KOojuMa Huje npumMeheH Tanor.

Tabena 1.1
W |  X|Y|Z
Anti-A
Anti-B

NA

A.1.2  3amonwuTe cynepsusopa ja ¢poTorpaduile naounly. Cynepsrsop he nocnat (0.25pt)
doTorpadujy y Bawle me.

Ha ocHoBy cBor 3anaxatba, ugeHTndukyjte KpBHe rpyne yzopaka W, X, Y n Zy tabenn 1.2 ynucmsarwem
Kpctuha (X) y ogrosapajyhem nosy.

A.1.3 (0.25pt)
Ta6ena 1.2
KpBHa rpyna
Ysopak |A|B|AB | O
W
X
Y
z

Identify the row(s) (Anti A, Anti B and NA) in Figure 1.1 that act(s) as the control for the experiment with
a cross (X) in the correct cell(s). Mark dash (-) in the remaining one(s).
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A1.4 (0.25pt)

Anti-A | Anti-B | NA

Bexx6a 2: UaeHTPUKOBATU KPBHE rpyne poautesba U 6e6a y nokyllajy aa ce 6e6e Bpate buxo-
BUM NpaBuM poanTe/bumMa.

MocToje Tpn HoBopofeHueTa (C, D n E), unje o3Hake ykasyjy Aa cy UM poanTes/bm NomeLuaHn. [a 6u ce
TayHO UAeHTUUKOBaNW poanTeb Tpu bebe, y3eTu cy y3opum KpBu o4 6eba n og Mmoryhumx pogutessa
(1 po 3). EkcneprmMeHTOM he ce nokyLlaTtn naeHTudumkaumja pogmrtesba Tpujy 6e6a Ha 0CHOBY HUXOBUX
KPBHUX rpyna.

3a ngeHtTndukauynjy gobmjate nMuTaumjy 9 ysopaka KpBM 03HaYeHMX Ha ciegefn HaunH:

HanomeHa: Y Tabenu, F o3HauaBa oua (Huje >keHcko), a M 03HavaBa Majky (HMje MyLLKO).

Y30pak 6p. | O3HaKa | Y3o0pak KpBU U3
1 1F Poautema 1 oua

2 1™ Poautema 1 majke
3 2F PoauTtersa 2 oua

4 2M PoauTesa 2 majke
5 3F Poguntessa 3 oua

6 3M PoauTesa 3 majke
7 C bebe C

8 D bebe D

9 E Bebe E

2.1. 3a cBaky og y30paKa KpBu naeHTndUKyjTe KpBHY rpyny npatehu npoueaypy onvcaHy y npBoj Bexe6u.

HanomeHa:

*+ IOk MOHOBO KOPUCTUTE yayb/bera Ha NpesMeTHO] MA0UNLM, NAX/bMBO X UCNepuTe AecTUI0Ba-
HOM BOZOM 1 J06PO MX OCYLLMTE MAapaMMLLOM Mpe Hero LUTO CTaBUTe y30pKe Y HUX.

* YBepuTe ce fa cy Kanasbke YncTe npe y3riMaka y30paka KpBu.

Y tabenn 1.3 ynuwmnte kKpctuh (X) y ogrosapajyha nosba ako je Tanor npucyTtaH. Ynumwwure uptumgy (-)
y Mosba 3a naoune ca yaybsberrimMa y Kojma Huije 3abeniexxeHo NpucyCcTBo Tanora.
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A.2.1.1 CHumuTe dpoTorpadumje obenexeHmx nNaoymLa Kao WTO je ypaheHo y 1.2. 3a-  (4.5pt)
MonUTe cynepsu3opa Aa poTtorpaduiue osHayeHy naoumuy. Cynepsusop he
nocnatn dotorpaduijy y BaLle nme.

Ta6ena 1.3
1F|1M | 2F |[2M [3F |[3BM | C | D | E
Anti-A
Anti-B
NA

Ha ocHoBy pe3ynTaTta ekcneprMeHTa, naeHTUGMKYjTe KpBHE rpyne CBakor of AeBeT y3opaka ynucyjyhu
kpctuh (X) y ogrosapajyhem nosy y tabenu 1.4.

A.2.1.2 (0.50pt)

Ta6ena 1.4
KpBHa rpyna 6e6a
beb6a | KpeHa rpyna A | KpeHa rpyna B | KpsHa rpyna AB | KpsHa rpyna O

KpBHa rpyna poanTesmsa

1F
™
2F
2M
3F
3M

Ha ocHOBY pa3nnuunTx KPBHUX rpyna Koje cTe ngeHTudunkosanm, o3Haumte moryhe napose poaunTesba
3a 6ebe C, D n E ynucmarem kpctmha (X) y oaroapajyhem nosy (ogrosapajyhum nossuma) y Tabenm
1.5. Morno 6u noctojatv Buwe of jeaHe moryhHocTy. Ynuwite upTuLy (-) y npeocTtano nosbe (npeocrana
noJsba).
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A.2.2

Ta6ena 1.5

Map poguTtessa 1

MNap poauteoantessa 2 | Map poanTessa 3

beba C

Be6a D

beba E

(1.0pt)

Ha ocHoBy Bawwmnx gewndpoBara KpBHUX rpyna 3a kojy 6e6y(e) (C, D, E) ce moxe 6e3 nkakBe Cyme
TBPAUTW A3 je ynapeHa ca CBojuM pogutemsnma (1, 2, 3)?

Ynuwute 6poj poautessa (1, 2 nnm 3) y nosbe 3a ogrosapajyhy 6e6y(e).
O3HauuTe upTHLy (-) y Nosby(nosbrMa) Koje oaroBapa AeTeTy ca BuLle Moryhrx naposa poauTesba.

A.23

Jete | C | Poautemn
Jete | D | Poautemn
Jete | E | Poautemn

(0.25pt)

MpesBUANTE reHOTUMN AeTETA U POAUTE/bA KOjU Ce 6E3 IKAaKBE CYyMHE MOXE YNapuUTV Ha OCHOBY O4r0BOpPa

2.3.

HaseauTe jeaaH moryhum reHoTun geTeTa 1 ogrosapajyher napa poavTesba.

YnuwTe uptruy (-) y nosby(nosbrma) Koje ogroBapa geTeTy ca BuLle Moryhux poanTessa.

A24

FreHoTUn FeHoTUN poauTeba
pereta OTay, Majka
AeTe Poguten
AeTe PoguTten
AeTte PoguTten

(0.25pt)
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3apaTak 5. AHanM3a XpoMo3oMa YoBekKa

A.5.1(0.25 pt)

Bpoj xpomo3oma =

A.5.2 (3.0 pt)

3amosnnTe CBOT CyrnepBu3opa Aa ckeHrpa nunun ¢otorpaduile KapruoTun Ha
NINCTY 33 OArOBOPE 1 Aa ra NpUIoXMN.

A.5.3.1 (0.25 pt)

¥3.6p. hennje Aa | He

1. Eputpountn

2. NnmoumnTtun

A.5.3.2 (0.25 pt)

¥3.6p. | AenoBu 6ubke | Ala | He

1. Jlncka

2. Tyuak

3. Bpx kopeHa
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A.5.3.3 (0.25 pt)

daze geobe

MwuToTnuka me3zodasza

MwuToTMuKka aHadaza

MejoTnuka metadasa I

MejoTunuka aHdpaza I

MejoTnuka metadasa II

MejoTnuka aHadasa Il
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Group A Group B

1 3 4 5
Group C

6 7 8 9 10 11 12
Group D Group E

13 14 15 16 17 18
Group F Group G XX or XY

19 20 21 22 R Y

KapuoTtun
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3apaTak 5. AHanM3a XpoMo3oMa YoBekKa

A.5.1(0.25 pt)

Bpoj xpomo3oma =

A.5.2 (3.0 pt)

3amonnTe CBOT CyrnepBu30pa Aa ckeHrpa unn ¢otorpaduile KaproTun Ha
AIACTY 33 OArOBOpPE U A3 ra NpUIoXN.

A.5.3.1 (0.25 pt)

¥3.6p. hennje Aa | He

1. Eputpountun

2. NnmoumnTtun

A.5.3.2 (0.25 pt)

¥3.6p. | AenoBu 6ubke | Ala | He

1. Jlncka

2. Tyuak

3. Bpx kopeHa
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daze geobe

MwuToTuruka mesodasa

MuToTYKa aHadasa

MejoTuuka metadasa I

MejoTunuka aHdpasa I

MejoTnuka metadasa Il

MejoTnuka aHadasa Il
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Q.5. Analyzing human chromosomes

The karyotype of a species represents the chromosomes of a cell, usually displayed as a
systematic arrangement of chromosome pairs in descending order of size. In order to
make a human karyotype, metaphase chromosomes are prepared from blood cells

The blood cells are induced to divide in culture and then treated with colchicine to block cell division
at metaphase. The cells are then broken by hypotonic treatment and chromosomes are spread on
glass slides. The chromosomes are stained and observed under a microscope. The photograph of the
metaphase (as shown in Figure 5.1) is then used to make a karyotype. Karyotypes can be used to identify
chromosomal abnormalities and aberrations. In the manual method, individual chromosomes are cut
from the photograph and then lined up by size and the position of the centromere with their respec-
tive partners. In humans chromosomes can be of three types, which are determined by the position
of the centromere (point of attachment of the mitotic spindle): (i) acrocentric chromosomes have the
centromere located very close to the end resulting into one of the arms being very short ( sometimes
not even discernable), (ii) submetacentric chromosomes have arms of unequal lengths and (iii) meta-
centric chromosomes have equal or almost equal arms. The karyotype prepared from the metaphase
spread shown in Figure 5.1 is presented in Figure 5.2. A description of the chromosomes belonging to
different groups (Figure 5.3) is given in Table 5.1.

Figure 5.1. A metaphase spread of human chromosomes
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Group A

Group B

KARYOTYPE

{

20

21

Group C

1 O R T
ah 84 40 B & i

Group F = Group G - XX or XY -
g3 &k Y. 4 A &
19 =

22

Figure 5.2. Karyotype prepared from the metaphase spread presented in Figure 5.1.

Table 2.1: Characteristics of the chromosomes in the human karyotype

Group | Chromosomal Pairs Description

A 1-3 Large almost metacentric chromosomes

B 4-5 Large submetacentric chromosomes

C 6-12 +X Medium-sized submetacentric chromosomes

D 13-15 Large acrocentric chromosomes

E 16-18 Small submetacentric chromosomes

F 19-20 Small metacentric chromosomes

G 21-22+Y Small acrocentric chromosomes

XY X Medium-sized sub metacentric chromosome
Y Small acrocentric chromosome

In the following exercise you are required to prepare a karyotype from the photograph of the metaphase
spread given to you. This chromosomal preparation is from an individual with an anomaly in their sex

chromosomes.
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Materials given for karyotype preparation:

—_

. Photograph of a metaphase spread for karyotype preparation
2. Plastic petri-dish

3. Fine scissors

4. Forceps

5. Transparent tape

6. Sheet marked ‘Karyotype’ to paste the chromosome cutouts

Procedure:

Use the photograph of the metaphase spread for the following exercise

Exercise 1: Count the number of chromosomes

A.5.1 Count the number of chromosomes and record in the answer book. (0.25pt)
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Exercise 2: Make a karyotype

1. With the help of fine scissors cut out each chromosome and place it in the given petri- dish. Make
sure that you do not loose any of them.

2. Arrange the chromosomes (cut outs) on the sheet labeled karyotype according to the size of the
chromosomes and position of their centromere. Use Figure 5.3 and Table 5.1 as your reference.
After arranging the chromosomes stick them in place with transparent tape. Take a photograph
and attach to the answer sheet.

3. Thesheet labeled karyotype is part of your answer book and is placed at the end of the answer
book.

In each group, arrange the chromosomes by their approximate length. There will be no penalty for
errors in identification of specific chromosomes within a group.

Figure 5.3 is a pictorial guide on how to prepare a karyotype.

Figure 5.3 A pictorial representation of preparing a karyotype. 1: Items to be used for making
a karyotype, 2-5: Cutting the individual chromosomes, 6-8: Picking the chromosomes with the
fine forceps and collecting them, 9: Arranging the chromosomes, 10-11: Sticking the chromo-
somes with the piece of tape.

A.5.2 Please ask your supervisor to either scan or take a photograph of the karyotype  (3pt)
on the answer sheet and submit.
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Exercise 3: Answer the following.

Can the following cells in human blood be used for preparation of metaphase chromosomes?

A.5.3.1 Mark a cross (X) in the appropriate column (Yes / No). (0.25pt)
S.No. Cells Yes | No
1. Erythrocyte (Red Blood Cells)
2. Lymphocyte (White Blood Cells)

You are asked to prepare chromosomal spread from mitotic plant cells. Can you use the following plant
parts to successfully prepare the chromosomal spread?

A.5.3.2 Mark a cross (X) in the appropriate cells (Yes/No). (0.25pt)
S.No. | Plant parts | Yes | No
1. Leaf blade
2. Anther
3. Root tip

The photograph represents chromosomes in a rodent cell undergoing division. All chromosomes in this
rodent are acrocentric.
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Does the following photograph represent the following stages of division?

A.5.3.3 Mark a cross (X) in the appropriate column (Yes/No).

Stage of division

Yes

No

Mitotic Metaphase

Mitotic Anaphase

Meiotic Metaphase I

Meiotic Anaphase I

Meiotic Metaphase II

Meiotic Anaphase II

(0.25pt)
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3apaTtak 5. AHannsa Xxpomo3oMa YoBekKa

KapuoTun BpcTe npepacrtaB/ba cKyn Xxpomosoma y henmju, o6MUYHO nprvkasaHuX Kao
ypehieHu ckyn napoBa xpomMmo3oMa y onagajyhem peaocneny cnpam bnxose BesINYUHe.
[Ja 6n ce HanpaBMO XyMaHU KapuoTun, meTtadpasHU XPOMO3OMM ce npunpemajy ms
jepapa KpBHUX 3pHaua.

henuvje KpBU Ce CTUMYANLLY Ha Ae0by rajerem y KynTypu, a 3aTuUM ce TPeTrpajy KONXULMHOM ja 6u ce 3a-
ycTtaBuna geoba henvja y metadasu. henuvje ce 3aTm pasnaxky XMnoTOHNYHOM 06pajoM 1 XPOMO30MU
ce pacny Ha cTak/jeHe npeameTHe njounie. XpoOMO30MU ce 3aTUM 6oje 1 nocmMaTpajy nos MUKPOCKO-
nom. ®otorpadunja metadase (Kao LUTO je NpmMKasaHoO Ha camum 5.1) ce 3aTM KOPUCTU 3a NpaB/berse
KapnoTuna. KapmoTMnoBu ce Mory KOpUCTUTU 3a NAEHTUPUKALIN]Y XPOMO3OMCKNX abHOPMANHOCTU U
abepaumija. Y py4yHoj MeToaun, nojeariHauyHm XpoMO30MU ce ncelajy ca dotorpadmje n 3atum ynapyjy no
BEIMYNHU 1 MON0Xajy LleHTpoMepa ca CBOjuM naposuma. Kog /byan XpOMO30MU MOTY MaTu Tpu 061u-
Ka, Koju cy ogpeheHn nonoxajeM LeHTpoMepa (Tauka Be3nBaka HUTU MUTOTUYKOT (4e06HOr) BpeTeHa):
(i) aKpOLLeHTPNYHU XPOMO30OMM VIMajy LieHTPOMepY KOoju ce Hanasu BeoMa 6513y Kpaja XpoMO30Ma,
LUTO AOBOAM A0 TOra Aa je jeAaH of KpakoBa BeOMa KpaTak MoHeka Yak HW Heyousbus, (ii) cybmeTa-
LLEHTPUYHM XPOMO30OMMU MaAjy Kpake HejegHake AyXUHe 1 (iii)) MeTaueHTPUYHU XPOMO30MU VMajy
jeAiHaKe nnn ckopo jeaHake Kpake . KapnoTtun ypeheH oa xpoMmosoma y MeTadasHoj NaoUmM npmkasaHux
Ha camum 5.1 je npepctasbeH Ha camum 5.2. OnmMc XxpoMo3oma Koju npunagajy pasnmumnTum rpynama
(cnuka 5.3) pat je y Tabenu 5.1.

Slika 5.1. MeTadasHun nonoxaj xpomo3omMa 4oBeka
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Cnwuka 5.2. KaproTtun npynpemsbeH 13 MeTapasHMX XpPOMO30Ma NPUKasaHMx Ha camum 5.1.

Ta6ena 2.1: KapakTepmncTuke XxpoMo30Ma Y JbYACKOM KapmnoTuny
pyna | MNaposu xpomo3oma Onwuc
A 1-3 Bennkn metaLeHTpUYHN XpOMO30MU
B 4-5 Bennkun cybmeTaueHTPUYHN XPOMO30MMU
C 6-12+X Cpegr1 cybmeTaLeHTPUYHN XPOMO30MU
D 13-15 Bennkn akpoueHTPUUYHU XPOMO30MI
E 16-18 Mann cybmeTaLeHTPNUYHM XPOMO30MU
F 19-20 Mann meTaueHTPUYHN XPOMO30MU
G 21-22+Y Manuv akpoLeHTPUYHUN XPOMO30MU
XY X CpeaHn MeTaLeHTPUYHN XPOMO30MH

Y Manv akpoLEeHTPUYHN XPOMO30MU

Y cnepehoj Bexx6r o4 Bac ce Tpaxu Aa npunpemute kapotun metadasHUX XpomMo3oma ca Aate oTtorpa-

¢dnje. OBaj XPOMO3OMCKM Npenapar je of ocobe ca aHOMaANjoOM Y MOSHUM XPOMO30OMMMa.
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MaTepwujan gat 3a nspagy Kapotmna:

1. ®oTorpaduja meTadasHMX XpOMO30Ma 3a NpUNpemMy KapoTuna.
. MnactnyHa netpunjesa nocyaa
. ®uHe makasuue

MuHueTa

oA W

MpoBuaHa cenoTejn Tpaka

6. Jlnct ca o3Hakom 'KapmoTun’ Ha KoMe he ce nennuTn nceyeHr XpOMO30MMU.
MocTynak:

Kopuctutun dotorpadujy metadasHmx XxpoMo3oma 3a cnegehy Bexoy.

Be>x6a 1: 36pojaTn xpomosome

A.5.1 Vi36pojaT XpOMO30Me 1 3anncaT UX y NCT 3a OAroBope. (0.25pt)
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Bexx6a 2: HanpaBnTu KapmnoTun

1. ¥3 nomoh ¢UHUX MakasnLa U3pexmTe cBakm XPOMO30OM U CTaBUTU ra y AaTy MeTpujeBy nocyay.
Ma3unTe fa He U3rybuTe HN jeaH Of XPOMO30Ma.

2. PacnopegunTu (MceyeHe) XpOMO30OMe Ha JINCT 0O3HaYeH Kao KapuoTun npema BeJIMYMHN XPOMO30-
Ma 1 Monoxajy kuxose LieHTpomMepe. Kopuctute cnvky 5.3 n Tabeny 5.1 kao Boauny (pedepeHuy).
HakoH pacnopehuBarba XpoMO30Ma, 3a/1ennUTh NX NPOBUAHOM cenoTejn Tpakom. Heka cynepBusop
ycnvka v npunoxu ¢otorpadujy y3 AUcT ca ogroBopmma.

3. JINCT ca 03HAaKOM KapuoTun je Aeo INCTOBa 3a oArosope U Tpeba ra NpuUiIoOXKMUTM Ha no-
cnepH0j CTpaHULMU.

Y cBaKoj rpynu pacrnopeamnte XxpoOMO30Me Mo HUXOBOj MPUBANXKHO]j Ay>XKMHW. Hehe 61TH ka3He 3a rpeLuke
y naeHTrédmnKaumjn cneundUUHNX XpoMo3omMa yHyTap rpyne.

Cnuka 5.3 je CIMKOBHW BOAMY O TOMe Kako MPUNPeMUTL KapuoTu.

Cnuka 5.3 ChvkoBHW npukas npunpeme kapotuna: 1: MpegmeTn koju he ce KOPUCTUTU 3a
npae/bere KapoTmna, 2-5: Mcelare nojeiHayYHmnX XpoMo3oma, 6-8: Y3nmare XxpoMo3oma
$MHOM NUHLIETOM 1 HUXOBO cakyrn/bame, 9: Pacnopehnsare xpoMmo3soma, 10-11: flenbere
XpOMO30Ma CenoTejn TPakoM.

A.5.2 3amonuTe cBOr cynepsm3opa Aa ckeHvpa nav potorpaduile KapmoTun Ha n-  (3pt)
CTY 3a OZrosope U a ra npuaoxu.
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Be>x6a 3: OgroBopuTe Ha cneaehe.

Mory nu ce cnegehe henvje y KpBu YoBeka KOPUCTUTU 3a NpUNpPeMy MeTapasHMX XpOMO30Ma?

A.5.3.1 Ynuwte kpctuh (X) y oagroBapajyhem nosy (fa / He). (0.25pt)
y3. 6p. henuje Aa | He
1. EpuTtpounTtin (LUpBeHa KpBHa 3pHLa)
2. NnmoumnTtn (Bena kpBHa 3pHLA)

Og Bac ce Tpaxu a NpunpemMmTe XpOMO30MCKM MpenapaT U3 MUTOTUYKUX 6ubHKX hennja. Ja an mo-
XeTe fa kopuctuTe cnegehe genose 6U/baka 3a yCreLHy NpUnpemMy XpoOMo30MCKOr npenapaTa?

A.5.3.2 Ynuwurte kpctuh (X) y oarosapajyhe nose ([la/He). (0.25pt)
¥3.6p. | AenoBu 6umwaka | Aa | He
1. Nncka
2. MpaLwHnLun
3. Bpx kopeHa

®doTorpaduja npesctas/ba Xxpomosome y henvju rnogapa koja nponasm kpo3s geoby. CBM XPOMO30MU KOZ,
OBOT I1104apa Cy aKpPOL,eHTPUYUHMN.
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Ja nv pata potorpaduja npeacraema cnegehe pase geobe?
A.5.3.3 YnuwmnTe kpctuh (X) y ogroapajyhe nose (Ja/He). (0.25pt)

daza peobe

Aa

He

MwuToTnuka MeTadasza

MwuToTnuka aHada3a

MejoTnuka metadasa I

MejoTnuka aHadasa I

MejoTnuka metadasa Il

MejoTnuka aHadaza Il
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Q.5. Analyzing human chromosomes

The karyotype of a species represents the chromosomes of a cell, usually displayed as a
systematic arrangement of chromosome pairs in descending order of size. In order to
make a human karyotype, metaphase chromosomes are prepared from blood cells

The blood cells are induced to divide in culture and then treated with colchicine to block cell division
at metaphase. The cells are then broken by hypotonic treatment and chromosomes are spread on
glass slides. The chromosomes are stained and observed under a microscope. The photograph of the
metaphase (as shown in Figure 5.1) is then used to make a karyotype. Karyotypes can be used to identify
chromosomal abnormalities and aberrations. In the manual method, individual chromosomes are cut
from the photograph and then lined up by size and the position of the centromere with their respec-
tive partners. In humans chromosomes can be of three types, which are determined by the position
of the centromere (point of attachment of the mitotic spindle): (i) acrocentric chromosomes have the
centromere located very close to the end resulting into one of the arms being very short ( sometimes
not even discernable), (ii) submetacentric chromosomes have arms of unequal lengths and (iii) meta-
centric chromosomes have equal or almost equal arms. The karyotype prepared from the metaphase
spread shown in Figure 5.1 is presented in Figure 5.2. A description of the chromosomes belonging to
different groups (Figure 5.3) is given in Table 5.1.

Figure 5.1. A metaphase spread of human chromosomes



Experiment

|JS!

MUIWLUJ I F;LwJI Slesalsl
18th Intes i IJ Olymp iad
Dubai, UA

SRB-S-04 E-5 Q-2

Q5-2

English (Official)

Group A

Group B

KARYOTYPE

{

Group C

oot uox o e
6 7 8 9 10 n 12
Group D Group E

B &

g AR

1 14 15 16 18
Group F Group G XX or XY

g3 kX ha  4A 5 .

19 20 21 22 A =

Figure 5.2. Karyotype prepared from the metaphase spread presented in Figure 5.1.

Table 2.1: Characteristics of the chromosomes in the human karyotype

Group | Chromosomal Pairs Description

A 1-3 Large almost metacentric chromosomes

B 4-5 Large submetacentric chromosomes

C 6-12 +X Medium-sized submetacentric chromosomes

D 13-15 Large acrocentric chromosomes

E 16-18 Small submetacentric chromosomes

F 19-20 Small metacentric chromosomes

G 21-22+Y Small acrocentric chromosomes

XY X Medium-sized sub metacentric chromosome
Y Small acrocentric chromosome

In the following exercise you are required to prepare a karyotype from the photograph of the metaphase
spread given to you. This chromosomal preparation is from an individual with an anomaly in their sex

chromosomes.
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Materials given for karyotype preparation:

—_

. Photograph of a metaphase spread for karyotype preparation
2. Plastic petri-dish

3. Fine scissors

4. Forceps

5. Transparent tape

6. Sheet marked ‘Karyotype’ to paste the chromosome cutouts

Procedure:

Use the photograph of the metaphase spread for the following exercise

Exercise 1: Count the number of chromosomes

A.5.1 Count the number of chromosomes and record in the answer book. (0.25pt)
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Exercise 2: Make a karyotype

1. With the help of fine scissors cut out each chromosome and place it in the given petri- dish. Make
sure that you do not loose any of them.

2. Arrange the chromosomes (cut outs) on the sheet labeled karyotype according to the size of the
chromosomes and position of their centromere. Use Figure 5.3 and Table 5.1 as your reference.
After arranging the chromosomes stick them in place with transparent tape. Take a photograph
and attach to the answer sheet.

3. Thesheet labeled karyotype is part of your answer book and is placed at the end of the answer
book.

In each group, arrange the chromosomes by their approximate length. There will be no penalty for
errors in identification of specific chromosomes within a group.

Figure 5.3 is a pictorial guide on how to prepare a karyotype.

Figure 5.3 A pictorial representation of preparing a karyotype. 1: Items to be used for making
a karyotype, 2-5: Cutting the individual chromosomes, 6-8: Picking the chromosomes with the
fine forceps and collecting them, 9: Arranging the chromosomes, 10-11: Sticking the chromo-
somes with the piece of tape.

A.5.2 Please ask your supervisor to either scan or take a photograph of the karyotype  (3pt)
on the answer sheet and submit.
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Exercise 3: Answer the following.

Can the following cells in human blood be used for preparation of metaphase chromosomes?

A.5.3.1 Mark a cross (X) in the appropriate column (Yes / No). (0.25pt)
S.No. Cells Yes | No
1. Erythrocyte (Red Blood Cells)
2. Lymphocyte (White Blood Cells)

You are asked to prepare chromosomal spread from mitotic plant cells. Can you use the following plant
parts to successfully prepare the chromosomal spread?

A.5.3.2 Mark a cross (X) in the appropriate cells (Yes/No). (0.25pt)
S.No. | Plant parts | Yes | No
1. Leaf blade
2. Anther
3. Root tip

The photograph represents chromosomes in a rodent cell undergoing division. All chromosomes in this
rodent are acrocentric.
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Does the following photograph represent the following stages of division?

A.5.3.3 Mark a cross (X) in the appropriate column (Yes/No).

Stage of division

Yes

No

Mitotic Metaphase

Mitotic Anaphase

Meiotic Metaphase I

Meiotic Anaphase I

Meiotic Metaphase II

Meiotic Anaphase II

(0.25pt)
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3apaTtak 5. AHannsa Xxpomo3oMa YoBekKa

KapuoTun BpcTe npepacrtaB/ba cKyn Xxpomosoma y henmju, o6MUYHO nprvkasaHuX Kao
ypehieHu ckyn napoBa xpomMmo3oMa y onagajyhem peaocneny cnpam bnxose BesINYUHe.
[Ja 6n ce HanpaBMO XyMaHU KapuoTun, meTtadpasHU XPOMO3OMM ce npunpemajy ms
jepapa KpBHUX 3pHaua.

henuvje KpBU Ce CTUMYANLLY Ha Ae0by rajerem y KynTypu, a 3aTuUM ce TPeTrpajy KONXULMHOM ja 6u ce 3a-
ycTtaBuna geoba henvja y metadasu. henuvje ce 3aTm pasnaxky XMnoTOHNYHOM 06pajoM 1 XPOMO30MU
ce pacny Ha cTak/jeHe npeameTHe njounie. XpoOMO30MU ce 3aTUM 6oje 1 nocmMaTpajy nos MUKPOCKO-
nom. ®otorpadunja metadase (Kao LUTO je NpmMKasaHoO Ha camum 5.1) ce 3aTM KOPUCTU 3a NpaB/berse
KapnoTuna. KapmoTMnoBu ce Mory KOpUCTUTU 3a NAEHTUPUKALIN]Y XPOMO3OMCKNX abHOPMANHOCTU U
abepaumija. Y py4yHoj MeToaun, nojeariHauyHm XpoMO30MU ce ncelajy ca dotorpadmje n 3atum ynapyjy no
BEIMYNHU 1 MON0Xajy LleHTpoMepa ca CBOjuM naposuma. Kog /byan XpOMO30MU MOTY MaTu Tpu 061u-
Ka, Koju cy ogpeheHn nonoxajeM LeHTpoMepa (Tauka Be3nBaka HUTU MUTOTUYKOT (4e06HOr) BpeTeHa):
(i) aKpOLLeHTPNYHU XPOMO30OMM VIMajy LieHTPOMepY KOoju ce Hanasu BeoMa 6513y Kpaja XpoMO30Ma,
LUTO AOBOAM A0 TOra Aa je jeAaH of KpakoBa BeOMa KpaTak MoHeka Yak HW Heyousbus, (ii) cybmeTa-
LLEHTPUYHM XPOMO30OMMU MaAjy Kpake HejegHake AyXUHe 1 (iii)) MeTaueHTPUYHU XPOMO30MU VMajy
jeAiHaKe nnn ckopo jeaHake Kpake . KapnoTtun ypeheH oa xpoMmosoma y MeTadasHoj NaoUmM npmkasaHux
Ha camum 5.1 je npepctasbeH Ha camum 5.2. OnmMc XxpoMo3oma Koju npunagajy pasnmumnTum rpynama
(cnuka 5.3) pat je y Tabenu 5.1.

Slika 5.1. MeTadasHun nonoxaj xpomo3omMa 4oBeka
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Cnwuka 5.2. KaproTtun npynpemsbeH 13 MeTapasHMX XpPOMO30Ma NPUKasaHMx Ha camum 5.1.

Ta6ena 2.1: KapakTepmncTuke XxpoMo30Ma Y JbYACKOM KapmnoTuny
pyna | MNaposu xpomo3oma Onwuc
A 1-3 Bennkn metaLeHTpUYHN XpOMO30MU
B 4-5 Bennkun cybmeTaueHTPUYHN XPOMO30MMU
C 6-12+X Cpegr1 cybmeTaLeHTPUYHN XPOMO30MU
D 13-15 Bennkn akpoueHTPUUYHU XPOMO30MI
E 16-18 Mann cybmeTaLeHTPNUYHM XPOMO30MU
F 19-20 Mann meTaueHTPUYHN XPOMO30MU
G 21-22+Y Manuv akpoLeHTPUYHUN XPOMO30MU
XY X CpeaHn MeTaLeHTPUYHN XPOMO30MH

Y Manv akpoLEeHTPUYHN XPOMO30MU

Y cnepehoj Bexx6r o4 Bac ce Tpaxu Aa npunpemute kapotun metadasHUX XpomMo3oma ca Aate oTtorpa-

¢dnje. OBaj XPOMO3OMCKM Npenapar je of ocobe ca aHOMaANjoOM Y MOSHUM XPOMO30OMMMa.
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MaTepwujan gat 3a nspagy Kapotmna:

1. ®oTorpaduja meTadasHMX XpOMO30Ma 3a NpUNpemMy KapoTuna.
. MnactnyHa netpunjesa nocyaa
. ®uHe makasuue

MuHueTa

oA W

MpoBuaHa cenoTejn Tpaka

6. Jlnct ca o3Hakom 'KapmoTun’ Ha KoMe he ce nennuTn nceyeHr XpOMO30MMU.
MocTynak:

Kopuctutun dotorpadujy metadasHmx XxpoMo3oma 3a cnegehy Bexoy.

Be>x6a 1: 36pojaTn xpomosome

A.5.1 Vi36pojaT XpOMO30Me 1 3anncaT UX y NCT 3a OAroBope. (0.25pt)
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Bexx6a 2: HanpaBnTu KapmnoTun

1. ¥3 nomoh ¢UHUX MakasnLa U3pexmTe cBakm XPOMO30OM U CTaBUTU ra y AaTy MeTpujeBy nocyay.
Ma3unTe fa He U3rybuTe HN jeaH Of XPOMO30Ma.

2. PacnopegunTu (MceyeHe) XpOMO30OMe Ha JINCT 0O3HaYeH Kao KapuoTun npema BeJIMYMHN XPOMO30-
Ma 1 Monoxajy kuxose LieHTpomMepe. Kopuctute cnvky 5.3 n Tabeny 5.1 kao Boauny (pedepeHuy).
HakoH pacnopehuBarba XpoMO30Ma, 3a/1ennUTh NX NPOBUAHOM cenoTejn Tpakom. Heka cynepBusop
ycnvka v npunoxu ¢otorpadujy y3 AUcT ca ogroBopmma.

3. JINCT ca 03HAaKOM KapuoTun je Aeo INCTOBa 3a oArosope U Tpeba ra NpuUiIoOXKMUTM Ha no-
cnepH0j CTpaHULMU.

Y cBaKoj rpynu pacrnopeamnte XxpoOMO30Me Mo HUXOBOj MPUBANXKHO]j Ay>XKMHW. Hehe 61TH ka3He 3a rpeLuke
y naeHTrédmnKaumjn cneundUUHNX XpoMo3omMa yHyTap rpyne.

Cnuka 5.3 je CIMKOBHW BOAMY O TOMe Kako MPUNPeMUTL KapuoTu.

Cnuka 5.3 ChvkoBHW npukas npunpeme kapotuna: 1: MpegmeTn koju he ce KOPUCTUTU 3a
npae/bere KapoTmna, 2-5: Mcelare nojeiHayYHmnX XpoMo3oma, 6-8: Y3nmare XxpoMo3oma
$MHOM NUHLIETOM 1 HUXOBO cakyrn/bame, 9: Pacnopehnsare xpoMmo3soma, 10-11: flenbere
XpOMO30Ma CenoTejn TPakoM.

A.5.2 3amonuTe cBOr cynepsm3opa Aa ckeHvpa nav potorpaduile KapmoTun Ha n-  (3pt)
CTY 3a OZrosope U a ra npuaoxu.




Experiment

IJSQ -

B et SRB-S-04 E-5 Q-5

Serbian (Serbia)

Be>x6a 3: OgroBopuTe Ha cneaehe.

Mory nu ce cnegehe henvje y KpBu YoBeka KOPUCTUTU 3a NpUNpPeMy MeTapasHMX XpOMO30Ma?

A.5.3.1 Ynuwte kpctuh (X) y oagroBapajyhem nosy (fa / He). (0.25pt)
y3. 6p. henuje Aa | He
1. EpuTtpounTtin (LUpBeHa KpBHa 3pHLa)
2. NnmoumnTtn (Bena kpBHa 3pHLA)

Og Bac ce Tpaxu a NpunpemMmTe XpOMO30MCKM MpenapaT U3 MUTOTUYKUX 6ubHKX hennja. Ja an mo-
XeTe fa kopuctuTe cnegehe genose 6U/baka 3a yCreLHy NpUnpemMy XpoOMo30MCKOr npenapaTa?

A.5.3.2 Ynuwurte kpctuh (X) y oarosapajyhe nose ([la/He). (0.25pt)
¥3.6p. | AenoBu 6umwaka | Aa | He
1. Nncka
2. MpaLwHnLun
3. Bpx kopeHa

®doTorpaduja npesctas/ba Xxpomosome y henvju rnogapa koja nponasm kpo3s geoby. CBM XPOMO30MU KOZ,
OBOT I1104apa Cy aKpPOL,eHTPUYUHMN.
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Ja nv pata potorpaduja npeacraema cnegehe pase geobe?
A.5.3.3 YnuwmnTe kpctuh (X) y ogroapajyhe nose (Ja/He). (0.25pt)

daza peobe

Aa

He

MwuToTnuka MeTadasza

MwuToTnuka aHada3a

MejoTnuka metadasa I

MejoTnuka aHadasa I

MejoTnuka metadasa Il

MejoTnuka aHadaza Il
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Q.5. Analyzing human chromosomes

The karyotype of a species represents the chromosomes of a cell, usually displayed as a
systematic arrangement of chromosome pairs in descending order of size. In order to
make a human karyotype, metaphase chromosomes are prepared from blood cells

The blood cells are induced to divide in culture and then treated with colchicine to block cell division
at metaphase. The cells are then broken by hypotonic treatment and chromosomes are spread on
glass slides. The chromosomes are stained and observed under a microscope. The photograph of the
metaphase (as shown in Figure 5.1) is then used to make a karyotype. Karyotypes can be used to identify
chromosomal abnormalities and aberrations. In the manual method, individual chromosomes are cut
from the photograph and then lined up by size and the position of the centromere with their respec-
tive partners. In humans chromosomes can be of three types, which are determined by the position
of the centromere (point of attachment of the mitotic spindle): (i) acrocentric chromosomes have the
centromere located very close to the end resulting into one of the arms being very short ( sometimes
not even discernable), (ii) submetacentric chromosomes have arms of unequal lengths and (iii) meta-
centric chromosomes have equal or almost equal arms. The karyotype prepared from the metaphase
spread shown in Figure 5.1 is presented in Figure 5.2. A description of the chromosomes belonging to
different groups (Figure 5.3) is given in Table 5.1.

Figure 5.1. A metaphase spread of human chromosomes
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Figure 5.2. Karyotype prepared from the metaphase spread presented in Figure 5.1.

Table 2.1: Characteristics of the chromosomes in the human karyotype

Group | Chromosomal Pairs Description

A 1-3 Large almost metacentric chromosomes

B 4-5 Large submetacentric chromosomes

C 6-12 +X Medium-sized submetacentric chromosomes

D 13-15 Large acrocentric chromosomes

E 16-18 Small submetacentric chromosomes

F 19-20 Small metacentric chromosomes

G 21-22+Y Small acrocentric chromosomes

XY X Medium-sized sub metacentric chromosome
Y Small acrocentric chromosome

In the following exercise you are required to prepare a karyotype from the photograph of the metaphase
spread given to you. This chromosomal preparation is from an individual with an anomaly in their sex

chromosomes.
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Materials given for karyotype preparation:

—_

. Photograph of a metaphase spread for karyotype preparation
2. Plastic petri-dish

3. Fine scissors

4. Forceps

5. Transparent tape

6. Sheet marked ‘Karyotype’ to paste the chromosome cutouts

Procedure:

Use the photograph of the metaphase spread for the following exercise

Exercise 1: Count the number of chromosomes

A.5.1 Count the number of chromosomes and record in the answer book. (0.25pt)
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Exercise 2: Make a karyotype

1. With the help of fine scissors cut out each chromosome and place it in the given petri- dish. Make
sure that you do not loose any of them.

2. Arrange the chromosomes (cut outs) on the sheet labeled karyotype according to the size of the
chromosomes and position of their centromere. Use Figure 5.3 and Table 5.1 as your reference.
After arranging the chromosomes stick them in place with transparent tape. Take a photograph
and attach to the answer sheet.

3. Thesheet labeled karyotype is part of your answer book and is placed at the end of the answer
book.

In each group, arrange the chromosomes by their approximate length. There will be no penalty for
errors in identification of specific chromosomes within a group.

Figure 5.3 is a pictorial guide on how to prepare a karyotype.

Figure 5.3 A pictorial representation of preparing a karyotype. 1: Items to be used for making
a karyotype, 2-5: Cutting the individual chromosomes, 6-8: Picking the chromosomes with the
fine forceps and collecting them, 9: Arranging the chromosomes, 10-11: Sticking the chromo-
somes with the piece of tape.

A.5.2 Please ask your supervisor to either scan or take a photograph of the karyotype  (3pt)
on the answer sheet and submit.




Experiment

IJSQ -

B et SRB-S-06 E-5 Q-5

English (Official)

Exercise 3: Answer the following.

Can the following cells in human blood be used for preparation of metaphase chromosomes?

A.5.3.1 Mark a cross (X) in the appropriate column (Yes / No). (0.25pt)
S.No. Cells Yes | No
1. Erythrocyte (Red Blood Cells)
2. Lymphocyte (White Blood Cells)

You are asked to prepare chromosomal spread from mitotic plant cells. Can you use the following plant
parts to successfully prepare the chromosomal spread?

A.5.3.2 Mark a cross (X) in the appropriate cells (Yes/No). (0.25pt)
S.No. | Plant parts | Yes | No
1. Leaf blade
2. Anther
3. Root tip

The photograph represents chromosomes in a rodent cell undergoing division. All chromosomes in this
rodent are acrocentric.
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Does the following photograph represent the following stages of division?

A.5.3.3 Mark a cross (X) in the appropriate column (Yes/No).

Stage of division

Yes

No

Mitotic Metaphase

Mitotic Anaphase

Meiotic Metaphase I

Meiotic Anaphase I

Meiotic Metaphase II

Meiotic Anaphase II

(0.25pt)
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3apaTtak 5. AHannsa Xxpomo3oMa YoBekKa

KapuoTun BpcTe npepacrtaB/ba cKyn Xxpomosoma y henmju, o6MUYHO nprvkasaHuX Kao
ypehieHu ckyn napoBa xpomMmo3oMa y onagajyhem peaocneny cnpam bnxose BesINYUHe.
[Ja 6n ce HanpaBMO XyMaHU KapuoTun, meTtadpasHU XPOMO3OMM ce npunpemajy ms
jepapa KpBHUX 3pHaua.

henuvje KpBU Ce CTUMYANLLY Ha Ae0by rajerem y KynTypu, a 3aTuUM ce TPeTrpajy KONXULMHOM ja 6u ce 3a-
ycTtaBuna geoba henvja y metadasu. henuvje ce 3aTm pasnaxky XMnoTOHNYHOM 06pajoM 1 XPOMO30MU
ce pacny Ha cTak/jeHe npeameTHe njounie. XpoOMO30MU ce 3aTUM 6oje 1 nocmMaTpajy nos MUKPOCKO-
nom. ®otorpadunja metadase (Kao LUTO je NpmMKasaHoO Ha camum 5.1) ce 3aTM KOPUCTU 3a NpaB/berse
KapnoTuna. KapmoTMnoBu ce Mory KOpUCTUTU 3a NAEHTUPUKALIN]Y XPOMO3OMCKNX abHOPMANHOCTU U
abepaumija. Y py4yHoj MeToaun, nojeariHauyHm XpoMO30MU ce ncelajy ca dotorpadmje n 3atum ynapyjy no
BEIMYNHU 1 MON0Xajy LleHTpoMepa ca CBOjuM naposuma. Kog /byan XpOMO30MU MOTY MaTu Tpu 061u-
Ka, Koju cy ogpeheHn nonoxajeM LeHTpoMepa (Tauka Be3nBaka HUTU MUTOTUYKOT (4e06HOr) BpeTeHa):
(i) aKpOLLeHTPNYHU XPOMO30OMM VIMajy LieHTPOMepY KOoju ce Hanasu BeoMa 6513y Kpaja XpoMO30Ma,
LUTO AOBOAM A0 TOra Aa je jeAaH of KpakoBa BeOMa KpaTak MoHeka Yak HW Heyousbus, (ii) cybmeTa-
LLEHTPUYHM XPOMO30OMMU MaAjy Kpake HejegHake AyXUHe 1 (iii)) MeTaueHTPUYHU XPOMO30MU VMajy
jeAiHaKe nnn ckopo jeaHake Kpake . KapnoTtun ypeheH oa xpoMmosoma y MeTadasHoj NaoUmM npmkasaHux
Ha camum 5.1 je npepctasbeH Ha camum 5.2. OnmMc XxpoMo3oma Koju npunagajy pasnmumnTum rpynama
(cnuka 5.3) pat je y Tabenu 5.1.

Slika 5.1. MeTadasHun nonoxaj xpomo3omMa 4oBeka
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Cnwuka 5.2. KaproTtun npynpemsbeH 13 MeTapasHMX XpPOMO30Ma NPUKasaHMx Ha camum 5.1.

Ta6ena 2.1: KapakTepmncTuke XxpoMo30Ma Y JbYACKOM KapmnoTuny
pyna | MNaposu xpomo3oma Onwuc
A 1-3 Bennkn metaLeHTpUYHN XpOMO30MU
B 4-5 Bennkun cybmeTaueHTPUYHN XPOMO30MMU
C 6-12+X Cpegr1 cybmeTaLeHTPUYHN XPOMO30MU
D 13-15 Bennkn akpoueHTPUUYHU XPOMO30MI
E 16-18 Mann cybmeTaLeHTPNUYHM XPOMO30MU
F 19-20 Mann meTaueHTPUYHN XPOMO30MU
G 21-22+Y Manuv akpoLeHTPUYHUN XPOMO30MU
XY X CpeaHn MeTaLeHTPUYHN XPOMO30MH

Y Manv akpoLEeHTPUYHN XPOMO30MU

Y cnepehoj Bexx6r o4 Bac ce Tpaxu Aa npunpemute kapotun metadasHUX XpomMo3oma ca Aate oTtorpa-

¢dnje. OBaj XPOMO3OMCKM Npenapar je of ocobe ca aHOMaANjoOM Y MOSHUM XPOMO30OMMMa.
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MaTepwujan gat 3a nspagy Kapotmna:

1. ®oTorpaduja meTadasHMX XpOMO30Ma 3a NpUNpemMy KapoTuna.
. MnactnyHa netpunjesa nocyaa
. ®uHe makasuue

MuHueTa

oA W

MpoBuaHa cenoTejn Tpaka

6. Jlnct ca o3Hakom 'KapmoTun’ Ha KoMe he ce nennuTn nceyeHr XpOMO30MMU.
MocTynak:

Kopuctutun dotorpadujy metadasHmx XxpoMo3oma 3a cnegehy Bexoy.

Be>x6a 1: 36pojaTn xpomosome

A.5.1 Vi36pojaT XpOMO30Me 1 3anncaT UX y NCT 3a OAroBope. (0.25pt)
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Bexx6a 2: HanpaBnTu KapmnoTun

1. ¥3 nomoh ¢UHUX MakasnLa U3pexmTe cBakm XPOMO30OM U CTaBUTU ra y AaTy MeTpujeBy nocyay.
Ma3unTe fa He U3rybuTe HN jeaH Of XPOMO30Ma.

2. PacnopegunTu (MceyeHe) XpOMO30OMe Ha JINCT 0O3HaYeH Kao KapuoTun npema BeJIMYMHN XPOMO30-
Ma 1 Monoxajy kuxose LieHTpomMepe. Kopuctute cnvky 5.3 n Tabeny 5.1 kao Boauny (pedepeHuy).
HakoH pacnopehuBarba XpoMO30Ma, 3a/1ennUTh NX NPOBUAHOM cenoTejn Tpakom. Heka cynepBusop
ycnvka v npunoxu ¢otorpadujy y3 AUcT ca ogroBopmma.

3. JINCT ca 03HAaKOM KapuoTun je Aeo INCTOBa 3a oArosope U Tpeba ra NpuUiIoOXKMUTM Ha no-
cnepH0j CTpaHULMU.

Y cBaKoj rpynu pacrnopeamnte XxpoOMO30Me Mo HUXOBOj MPUBANXKHO]j Ay>XKMHW. Hehe 61TH ka3He 3a rpeLuke
y naeHTrédmnKaumjn cneundUUHNX XpoMo3omMa yHyTap rpyne.

Cnuka 5.3 je CIMKOBHW BOAMY O TOMe Kako MPUNPeMUTL KapuoTu.

Cnuka 5.3 ChvkoBHW npukas npunpeme kapotuna: 1: MpegmeTn koju he ce KOPUCTUTU 3a
npae/bere KapoTmna, 2-5: Mcelare nojeiHayYHmnX XpoMo3oma, 6-8: Y3nmare XxpoMo3oma
$MHOM NUHLIETOM 1 HUXOBO cakyrn/bame, 9: Pacnopehnsare xpoMmo3soma, 10-11: flenbere
XpOMO30Ma CenoTejn TPakoM.

A.5.2 3amonuTe cBOr cynepsm3opa Aa ckeHvpa nav potorpaduile KapmoTun Ha n-  (3pt)
CTY 3a OZrosope U a ra npuaoxu.
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Be>x6a 3: OgroBopuTe Ha cneaehe.

Mory nu ce cnegehe henvje y KpBu YoBeka KOPUCTUTU 3a NpUNpPeMy MeTapasHMX XpOMO30Ma?

A.5.3.1 Ynuwte kpctuh (X) y oagroBapajyhem nosy (fa / He). (0.25pt)
y3. 6p. henuje Aa | He
1. EpuTtpounTtin (LUpBeHa KpBHa 3pHLa)
2. NnmoumnTtn (Bena kpBHa 3pHLA)

Og Bac ce Tpaxu a NpunpemMmTe XpOMO30MCKM MpenapaT U3 MUTOTUYKUX 6ubHKX hennja. Ja an mo-
XeTe fa kopuctuTe cnegehe genose 6U/baka 3a yCreLHy NpUnpemMy XpoOMo30MCKOr npenapaTa?

A.5.3.2 Ynuwurte kpctuh (X) y oarosapajyhe nose ([la/He). (0.25pt)
¥3.6p. | AenoBu 6umwaka | Aa | He
1. Nncka
2. MpaLwHnLun
3. Bpx kopeHa

®doTorpaduja npesctas/ba Xxpomosome y henvju rnogapa koja nponasm kpo3s geoby. CBM XPOMO30MU KOZ,
OBOT I1104apa Cy aKpPOL,eHTPUYUHMN.
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Ja nv pata potorpaduja npeacraema cnegehe pase geobe?
A.5.3.3 YnuwmnTe kpctuh (X) y ogroapajyhe nose (Ja/He). (0.25pt)

daza peobe

Aa

He

MwuToTnuka MeTadasza

MwuToTnuka aHada3a

MejoTnuka metadasa I

MejoTnuka aHadasa I

MejoTnuka metadasa Il

MejoTnuka aHadaza Il




