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Experiment (1)
Safetv and Equipments
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1-  Always wear your laboratory coat. Do not wear clothing that hinders free movement of
your hands or hangs loose outside your laboratory coat.

2- Do not work in a laboratory if no lecturer or technician is present. Read the experimental
mstructions carefully before starting the work. Especially note any precautions that
must be taken.

1- Always wear your laboratory coat
Sb Galdll juidal) Calana a8 ) Ladla

2- Don’t work if no lecture is present and read the instructions
Cilaglaill T 581 55 jualaa llia (&5 a1 13) Jaad Y



3- Never eat, drink, or smoke in the laboratory. Never taste chemicals. Wash ‘your hands
.well bf:fore leaving the laboratory. Also, wash your hands or any part of your body
immediately with water when it comes in contact with chemicals.

4- Do not use your mouth to fill a pipette. There are special bulbs for this purpose.

3- Never eat, drink , smoke , taste chemicals and wash your hands and wash
any part of your body when it comes in contact with chemicals

Ladie Slann (g0 5 3 (s ook iy Jusi 5 AilaasS 31 gl (353 ¢ AN ¢ i ¢ JSB Y
Al o) gall g e

4- Don’t use your mouth to fill pipette



5- Note the position of safety equipment like fire extinguishers, eye washers, and first aid
boxes. Report all accidents immediately to a staff member or technician.

6- Use the fume hood when handling strong-smelling or irritating chemicals.

7- Be careful about discarding away wastes.Always follow instructions.

Do not dispose of solids into the sink. Do not leave glassware or any other solid
matcrials, including filter papers, in the sink.- Put broken glassware-into the labeled

buckets.

Some waste liquids must be stored into special bottles, not disposed of in the sink. A
staff member or technician will help you.

5- Note the position of safety equipment and report all accidents
Gl sall aea e ALl 5 Aadad) Cilana 28 g0 JaaY
6- Use fume hood when handling strong smelling or irritating chemicals
A sl gmagil) ol Al 11 I3 Alal o) gal) ae Jaladll die laal) glae aaiiind
7- be careful discarding wastes and don’t dispose any material in the sink and some

liguids stored in bottles
Cilala ) A A8 AN Jil gl an g gl L sale (gl (e aldi Y g @l e il 313 oS



8- Do not leave a lit burner unattended. Always stay clear form the flame.

9- When heating anything in a test tube, do not point the mouth of the test tube towards
yourself or towards any other person.

8- don’t leave burner unattended and stay clear from flame
el (o A8 (B 5 A8 5 (50 285l 5 Y

9- don’t point the tube towards any person when heating
Ol die Gadd gl slad gVl A 1 Y



10- Before leaving the laboratory turn off any water taps and burners and dispose of solid
waste in the correct container. Also, wash all apparatus used and clean up the bench

top.

11- Keep your bench clean and tidy while you are working. Clean up any spills or broken
glass immediately. Keep your books and papers away from water, chemicals, and flames.
Position your apparatus on the bench so that it is convenient and comfortable to use.

Keep unused equipment out of the way, so that you do not knock it over.

12- If you are in any doubt about anything, ask the staff member or technician for advice.

13- Request the assistance of your instructor/technician if and when you suffer a cut or a
burn or face a dangerous situation.

10- turn off any water taps and burner and wash all apparatus and clean the bench
aniall Calai o5 jea ) aran Just g 38 g0 g olaa yulioa (gl ¢ abl

11- keep your books from the water and position your apparatus on the bench and
unused out of the way

Gkl e N aadiie pe g 28l Je & jlea g elall (o LS Ladal
12- ask the staff for any doubt

13- request the instructor if you suffer dangerous situation
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Accuracy of tools :

Pipette> Burette > Volumetric flask > Graduated cylinder > Beaker > Erlenmeyer flask

| |

FEXPR N Uses: 48a JAY)

 Pipette and Burette : Used to transfer liquids with high accuracy

* Graduated cylinder: Used to transfer liquids with Low accuracy

* Volumetric flask: Used to Prepare Solution with high accuracy

 Erlenmeyer flask: for titration with swirling

 Beaker: For reactions



QdWeighing : Wadl) o Glin 52 (pmiba) gl

uncertainly: i) Lo
»1- Balance :

A- One decimal (0.0) paal g 4y yde A Jia
One decimal: 5.0g = 0.1 g

B- Two decimal (0.00) 48y i) A g Uiy pde (il ia

Two decimal: 5.00g +- 0.01 g



» 2- Volumes and thermometer and length :

3 Calibration
2
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1.30g + 0.05

\ \ 0.2 Ll Uide \01
2

P —=0.1
lghtla) Lile aa —0.05
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Q1. Which of the following statements is not correct ?

Ans . Open sandals , short skirts and shorts are allowed in the lab

Q2. The incorrect statement concerning handling of chemicalsin lab is ?

Ans. Toxic chemicals can be used outside the fume hood.
Q3. Which of the following is not a safety tool ?

Ans . Bunsen burner
Q4. Which of the following tools has the lowest accuracy ?

Ans. Beaker

Q5. when the balance is tared 0.000 g appears on the screen of the balance, A
student measured the mass of wood block , which of the following readings should be
reported ?

Ans. 5.010g + 0.001

Q6. when the balance is tared 0.0 g appears on the screen of the balance, A student
measured the mass of wood block, which of the following readings should be reported ?
Ans. 5.0 g1+ 0.1



Q7. which one of the following readings is correct for the volume of
the red liquid in the graduated cylinder in the figure ?

Ans. 1.40mL 1+ 0.1

Q8. Which of the following is not a safety equipment ?
A- Beaker

B- Goggle( sl 5 yUas)

C- fire aid boxes

D- fire blanket

F- fume hood




dQ9(Years). Which of the following statements is not correct with respect to the
safety rules ?

Ans. If more than suggested amount of solid chemical is dispensed from a reagent
bottle, the excess should be returned to the reagent bottle.

1Q10. Which of the following tools has the high accuracy ?
Ans. Pipette

JQ11. True or False ?
1- Don’t point your test tube at your face when heating anything to watch what

happening exactly (T)

2- Open Sandals, short skirts and shorts are allowed in the Lab (F)




Experiment (2)
Empirical Formula of a Compound
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» Reaction = RXN

dThe Main RXN :

Mg+ 0, - Mgx0,,

The Side RXN(Formation of Mg;N,) .
3Mg(s) + N»(g) > MgsN, =SS

U Avwoiding the Side RXN :
Mg;N, + 6H,0 » 3Mg(OH), + 2NH,=——% Ammonia

U Heating Mg to ASH.:
Mg(OH), -* MgO + H,0
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Empirical formula : Smallest whole number ratio of atoms in the compound

— e.l;.\.uu.lﬂjé\.dﬁ\ Y d)ha.\;)
Compound = CPD —— o e

Mg(s) + 0,(g9) - Mg,0,

W/
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JQ1. How many grams of magnesium combine with 1.5g of chloride
was in MgCl, ?

e Wans GlID CadlA 5 Jlgad) 8 ST oldana (00 SA5 () 2y 51 el b L
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Mass of Cl =159 — & Jisu b s
Mass of Mg =79 ———  siay) wislha



Mol f Cl = Mass Bia oy gildl
— — by . ."‘
vres o Molar Mass g

Mass B 1.5
Molar Mass 35.45

/

Jigad) A ara

= (0.0423 Mol
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MgCl, ——— 2 Moles from Cl — 0.0423
1Mole from Mg - X

0.0423 = 2X /

irall QY g0 gy Ao i 1 g0
X =0.02115 Mol Mg i g oY S 2 et

Mass
Moles of Mg =

Molar Mass
Mass

Mass

24.31
~ u.ba.n Moles =
Mass = 0.514¢g

Molar Mass



Q2. If 11.8 g of iron reacts with 5.06 g of oxygen , determine the
empirical formula of the resulting oxide ?

Fe,O,

Mass Vol 0 = Mass
Molar Mass oles of 0 = Molar Mass

\ 5.06 \
11.8 —— = 0.316Mol
—° _ ara 16
——gc = 0-211Mol Pt

. . Y g S a | dandl)
N g 2 jal o daudl) > o

Moles of Fe =

0.316
0.211 — =1
— =1 0.211
0.211

1%x2 =2 F6203 1.5 %2 = 3 G lghad M2 0l



J1Q3. Nicotine is a compound containingC,Hand N. A 2.5 g sample
of the compound is burned and produces 6.78 g of CO, , 1.94 g of
H,0 and 0.43 g of N, what is the EF of nicotine ?

C,.H,N,

CO,=2+16+1%12 = 44
\Qt.yj;.\us:

H,0=2x1+16+1=18
\ﬂl.gj;.\\ar.

N,=2x*x14 =28
N
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Mass

Moles =
oLes Molar Mass
6.78
C: +1=0.154 — ., 0154 .
44 0.031
Y ga 2 jral o dandl)
1.94
0: *x2=0.216 — 0'216:7
18 0.031
Y g 23 al Ao daudll
0 43 B 0.031 4
N: 28 x2 =0.031 —_— 0. 031

N ga A rual S dandl) C5H7N



Q4. when 0.288 g of P is burned , 0.66 g of white Phosphorus oxide
is obtained , determine the EF of the oxide ?

PxOy
: st...ns]\ \.jmq:\"x LﬂlA.\j st...usj\ ﬂd.\S\_qu , ATRIW J\.».AJA}A
Ll Lisie ) LeS JaSi 5 (a1 A ans S aga ylas 1A

Mass of O = Mass of Phosphorus oxide — Mass of P

Mass of O = 0.66 — 0.28 = 0.372

awanll Awaid)l pwd) duogal§ Ul diall




Mass ~ 0.288 0.00929

Moles of P = Violar Mass — 31— 0.00929 900979 -1
Y ge 23 jral o dandll |
Mass 0.372 0.02325
Moles of O = Violar Mass — 16— 0.02325 900975 — 25
1%2 =2 2.5%2 =25

N\

zasa dae a8l (5K o) e
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Q5. A 2 g sample of bromide oxide is converted to 2.936 g of AgBr
calculate the EF of the oxide ?

Br,0,

Mass of O = 2 — Mass of Br

N\ N\

aslaa et ool e

2.936

18778 0.0156 Mol of AgBr
\ L’hﬂ-d dwisoll dwidl paud) duasal§ Ul aiabl




1 Moles from AgBr — 0.0156

1Mole Br - X
X = 0.0156Mol 0.0156 = MSa(fS
Massof Br =1.25 c

Mass of O =2 —1.25 = 0.75

dwiaoll Awsid)l puud) duosal§ Ul @il




BrO,




1Q6(Years). When a metal M with atomic mass 56 % was oxidized to
a metal oxide that contains 36.4% by mass O, the EF of the metal

oxide is ?
M,0, Mass (M + 0) = 100g
Mass M = 100 — 36.4 = 63.6
36.4
63.6 : _
Y g 2 pual o daddll
2.27
1.13 — =2
— =1 1.13

1.13
Mo,



JQ7(Years). A compound of Metal (M) and O was produced in a Lab by
heating Ir in a crucible This data was collected :

* Mass of crucible 38.26 g

* Mass of crucible and Metal 39.52 g

* Mass of crucible and Metal oxide 39.73 g
» Find the EF of the compound ?

Mass of Metal = 39.52 — 38.26 = 1.26
Mass of O = 39.73 —39.52 = 0.21

dwiaoll dwsidl puud) duosal§ DI aial




1.26 0.21

M: 97 97 = 0.006554 0O: e = 0.013125
QYJA LRI~ Ji.aa‘ u.b M‘
0.006554 0.013125
M: 0.006554 1 0: 0.006554 2

MO,
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o 0
Q1- Heating before starting ? .EAA

Ans. To remove the moisture

JQ2- Don’t weight the crucible when its hot ?
Ans. Its gives wrong accurate

(J1Q3- Don’t cover the crucible widely ?
Ans. Its burns Mg brightly

JQ4- Adding a few water drops ?
Ans. To decompose Mg;N,

dwisoll Awsid)l puud) duosal§ Ul aiall




JWhat is the effect of Mg:O0 Mole ratio if :

»1- Mg;N, Not decomposed completely (Increased )
»2- Mg;N, decomposed completely (No effect )

>3- Carbon deposited on the crucible surface (Decrease )
»4- Carbon not deposited on the crucible surface (No effect )

»5- Magnesium oxide ash is not dried completely (Decrease )

»6- Magnesium oxide ash is dried completely (No effect )

awaoll dwaid)l paud) drogal§ Ul diall




» 7- Air is not sufficient to react with all the Mg (Increase ) .BAA
» 8- Air is sufficient to react with all the Mg (No effect )

»9- Nonvolatile and unreactive impurities in the crucible during
oxidation (Decrease )

»10- Nonvolatile and unreactive impurities in the crucible from the
beginning (No effect )

A Y sl sl gl S48 o uUatiall ) gall



ETEN

» 11- If the balance reads +0.02g for any reading (No effect)

»12- Rapid oxidation of Magnesium (Increase )

JWhat is the effect of 0:Mg Moleratio if ?

ol el (i (IS () 5 lall pudad oy j CuilS Jla A Ly (o) | Jadd cilBMal) uso|
Y

CDensity with Mass ( aaadl & gy 4k d3de)
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Q. Which one of the following does not occur in the Empirical
Formula Experiment ?

Ans. Mg(s)+ H, - MgH,

Q. In the empirical formula experiment , which one of the following
will increase the mole ratio of oxygen to Magnesium ?

Ans. Using Bunsen burner with yellow flame



Q. 0.1000 g sample containing C (FM=12) , H(FM=1) and O(FM=16)
only was burned in air and produced 0.1910 g of CO, and 0.1172 g of
H,0 what is the empirical formula of the compound ?

C,H,0,

CO,=2+16+1+12 = 44
N

Gl jad) aae

H,0=2x+x1+16+1=18
N
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Mass
Moles =

Molar Mass

0.1910
C:

4 F1=00043 —— 0.0043

=1
0.0043
Y ga 2 jraal o dandl)

0.1172
H: +2 =0.01302 _____, 001302 _
18 0.0043

Y ga das JM\U.\QM\

Mass O = 0.100 — (0.0043 + 0.01302) = 0.08268




0. 008268 0.00516

16 = 0.00516 — 00043 1.2 =1.2

Y ga 23 al Ao daudll \
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C,H O



Experiment (3)
Limiting Reactant
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J Limiting reactant (LR): It’s the reactant that is consumed first and thus
jdetermines of product formed

Aol e JoY) gl
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U Theoretical yield: Maximum amount that can produced with given amount of LR
by Calculation

\ Al (e (AU Cagl)

 Actual yield: Less than Theoretical yield ,By Lab

/

o vield Actual vield y 000 | g
- % yreld Theoretical yield ’



LN

dSupernatant : The clear solution over(Above ) PPT ( <! Jll) .

AThis RXN is endothermic( 3.1l J ual) . TJ

Supernatant
e ( iquid)

JPPT contains (Excess + Products) . \o Pelle




. The equation in molecular form

9NaiP04.12H20 + 3BaCl.2H,0 — Bay(POu)z(s) + 6NaCl + 30H20

The net ionic equation of the reaction is: T ) Asladl il

3Ba?* + 2P0s — Bas(POs)as) Jada

]
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Q1. A 25g sample of Na;PO,. 12H,0 react with excess BaCl,H,0 if the
mass of Ba;(PO,), obtained is 17.56g Calculate the % yield of
Ba;(PO,), ?

Na,PO,. 12H,0

BaCl,H,0
N \
, S el 128 8 gy (63) jaiall CSall 13 e oA yeaiall
¥ ol Al Sl sa sl ol 53l Sl
Ba+2
PO, 3=LR MM:380.2
MM:244.2
17.56¢g : ActualYield oA 320 il Ly

Aaall Jaleall Gl



25

Moles of LR = = (0.6575 axi g ddaal) Jalral) aa Jaladd
380.2 SAY Gkl e bl
2 Moles from PO,~3 — 1Mol Ba,(PO,), LS i
0.6575 Mole PO, —» X “
Mass
X =0.032875Mol .032875 =
0.032875 6{?.2
Mass = 19.79 M MBa,(PO,),
Y yield Actual yield x 100% 17.56 + 100% = 88.73%

Theoretical yield 19.79



1Q2. A mixture containing 40g of Na;PO, . 12H,0 and 30g of BaCl,. 2H,0
is dissolved in water , a precipitate of Ba;(PO,), weighing 22.65 g is
produced calculate the % yield of Ba3(PO,), ?

Selad) Jhead) CadlA e daaad) Juladl oo (pe et Y Ll Lia 5S4l

Mol PO -3—i—01052 Mol fBa+2—i—01228
oles of PO, =3g02 " ¥ oles o =2aa2- Y
0.1228
0.1052 0.0526 = 0.0409
2 Gy jadl e 3 /

AN a8 40 ASY daaall Jaladl
\, s Joy) a8 1 Jalal) s



3 Moles from Ba** — 1Mol Ba,(PO,),
0.1228 Mole Ba™ = X

Mass
X = 0.04093Mol 04093 =
0.04093 6077
Mass = 24.65
e} 22.65 100% = 91.88°
- % yield Actual yield 4 1009 24 65 /0 =91.88%

Theoretical yield



1Q3. 10 g of a unknown mixture containing Na;PO,. 12H,0 and
BaCl,H,0 is dissolved in distilled water . The mass of Ba;(PO,),
precipitated is 3.5 g , calculate the % of each salt present in the
mixture if the BaCl, is the LR ?

3.5 h el (8 s
=5.8%107° :
602.2 = Sals € pall (2 pald

3 Moles from Ba** — 1 Mol Ba,(PO,),

X =0.0174Mol
X Mole Ba*t? - 5.8 1073 7

Mass

_ +2 _
0.0174 = ———— Mass of Ba™* = 4.25




., 425
% Ba*? = — =+ 100% = 42.25%

%P0,~3 = 100% — 42.25% = 57.75%



Q4. Given the following equation 14 + 3B — C + D By reacting 1
Mole of A with 2 Moles of B , which the LR and why ?

ddelital) @Y gall
R Ny
1 T3
0.6 <1SoBisLR \

Jeldil) J Ao gllaal) i gall

1A+3B—->C+D
\Jd;mwa@umyw

> We have react 2 Mol from B and we need 3 Mol




* Q5(Years). Given the following equation 34 + B — C + D By reacting
1 Mole of A with 1 Moles of B , which the LR and why ?

dlelitall ey gall
A=21_033 B—l—/1'
—§— . —I—
0.33<1S0AisLR \

Jeldil) § 4y glaal) ¥ gall

34+B—-C+ D

> We have react 1 Mol from A and we need 3 Mol




Q6. If 3.28g unknown mixture containing Na;PO,. 12H,0 and

BaCl,. 2H,0 is dissolved in distilled water, Mass Ba;(PO,), PPTis 1.75g
. Calculate % of Na3PO,. 12H,0 in the mixture if BaCl, Is LR ?

175 —290x10-3 3 Moles from Ba*? - 1 Mol Ba,(PO,),
602.2 X Mole Ba*? — 2.90 * 1073
Mass
X=8.71+10"3Mol 871 %103 =
) 2442

Mass of Ba*?* = 2.1289



Mass of PO,™3 = 3.28 — 2.1289 = 1.15

1.15

oHPO,~ 3 =
HPO, 3.28

* 100% = 35.06%




Q7. A mixture containing equal Masses (X) of Na;P0O,.12H,0 and
BaCl,.2H,0 is dissolved in water . A PPT of Ba5(PO,), was produced with
a mass 0.2X of the starting material then the % yield of Ba;(PO,), ?

PO, 3 = 2 Ba*%= A
4 380.2 * 2 244.2 x 3
X X
-3 _ +2 _
PO~ =02 'R Ba"= 306

adaall Jalad) & gal) dadl)



Moles of PO, 3 = 3802

2 Moles from PO, — 1Mol Ba,(PO,),

2 Mole PO,3 — Mol
%
380.2 ¢4 e
¥ X
Mole = 760.4
M = = (0.791X
760.4 455 =7602.2
0.2X

*100% = 25.3%

0.791X



dQ8(Years). N, + 3H, —» 2NH, if you know M.M for N, = 28 and
M.M for H, =2 and the mass H,and N, = 5g

Find the LR and theoretical yield for NH, ?

5 5

2 0 28 2 Mol > 2.5
0.17 L ) c
N, T - 017 g us H, 22 _ 833
3

N,: LR



1 Moles from N, - 2Mol NH,4
0.178 Mole N, - X

Mass

0.356 = 177371

X =0.356Mol

Mass = 6.052



» Determination of the LR :
Test for excess PO, ™3 or limiting Ba*?:

* Add 2 drops of 0.5M BaCl to the solution , If a precipitate is formed
then PO, 3 is the excess and Ba*# is the LR

If a precipitate is not formed the PO, ™3 is the LR and Ba™* is the
excess .

Test for excess Ba™?or limiting PO, 3:
* Add 2 drops of 0.5M Na;PO, to the solution if a PPT is formed then
Ba™? is the excess and PO, ™3 is the LR
If a PPT is not formed then Ba™? is the LR and PO, 3 is the excess




Q9. What is the effect of heating the solution on the particle size of Ba,(PO,), PPT ?

Ans. It makes a coagulation

1Q9. What is the effect on the actual yield of the Ba;(PO,),:
* Using a coarse paper (Decrease)

* |nsufficient washing of the PPT (Increase)

* Using the Acidic to wash the solution (Decrease)

* The PPT wasn’t dried completely (Increase )




1Q10. Don’t boil the solution ?
Ans . To minimize the lost of the mass .

JQ11. Using distilled water ?
Ans. To provide the reactions of the unknowns . .BAA

1Q12. The RXN in the LR Exp isn’t endothermic ?
Ans. False

1Q13. In a PPT of Ba;(PO,), the factor that might lead to decrease
the percentage yield is ?

Ans . Using a filter paper with coarse porosity



Q(Years). The purpose of the Limiting Reactant experiment ?

Ans . 1- Determination of the reactant that is consumed firstly in the
chemical reaction

2- Determine the actual yield
3- Determine the percentage vyield
4- All of the above

JQ(Years). In the limiting reactant experiment , a few drops of
BaCl, 2H,0 are added and turbidity is appeared , this means ?

Ans. BaCl, 2H,0 is the LR and Na,SO, is the excess .



dQ(Years). A unknown mixture containing Na;PO,.12H,0 and
BaCl,.2H,0 was dissolved in distilled water, 1.75 g of Ba;(PO,), was

produced . If the % of Na;P0,.12H,0 = 69.59% , BaCl, is the LR . Find
the mass of the original mixture ?

1.75
602.2

3 Moles from Ba*? - 1 Mol Ba,(PO,),
X Mole Ba*? - 2.90 » 1073

=2.90%1073

Mass

X=871+«10"3Mol 71 %103 =
8.71+10 2442

Mass of Ba®™* = 2.1289



Mass of PO, 3 = X — 2.1289

. X —2.1289 . 0
PO, % = ————+ 100% = 69.59%




Experiment (4)
Identification of a Compound: Physical Properties

\NAN

duwinaodl dwaid)l puud) droual§ Ul diabl




] Physical properties ( 4l uill (ailadll):

Properties Meaning Properties Type
Color Gl
Color Qualitative(lax)
Odor dai)
Density 43gt) Odor Qualitative(—lex)
Solubility 4ol ) ;
Boiling Point Quantitative(sl&_))
Melting point ey ddais
Boiling point Oladall ddads Density Quantitative(e\ﬁj)
dalal) Alla

Substance (Solid,Liquid,Gas)

Solubility

Quantitative(ad_))



dIn this experiment, we will deal with three types of solvents :

Solution(Js><l') = Solute + Solvent

Solute : —\

Solvent: .l

LN

Solvents(<xall) Symbol Polar / Non polar
Water (H,0) Polar
Cyclohexane JluSell (CgHy,) Non-Polar
Ethanol (C,H:OH) Polar




1 1-Solubility : Maximum mass(usually in grams ) of the
substance(Solute) that dissolves in a fixed mass(usually

100g) of solvent at a given temperature .

Solute : —\

Level of Solubility Symbol Meaning

Complete dissolving s JelS b 92
(Soluble)

Partial(Slightly) dissolving sls o> Ol

(insoluble)




_____ Solvemt | Solute | Resut ____

Polar Polar Soluble(Miscible)
Non-Polar Non-Polar Soluble(Miscible)

Polar Salt Soluble(Miscible)
Non-Polar Salt Insoluble(Immiscible)

Polar Non-Polar Insoluble(Immiscible)

Ex.Salt are soluble in water but insoluble in gasoline

] 2-Density : Mass per volume, large density have large mass in
small volume , heavy mean high density

Mass

D =
Volume



 3-Boiling Point : when a liquid is gradually heated , there is a
temperature at which bubbles from spontaneously and continue to
form until the entire volume of the liquid has been converted to a gas .
and where the vapor pressure is equal to the atmospheric pressure

» This constant temperature is called the boiling point .

D) (S 138 5 Sl Jans g 8 sl 3 A el ey T Lo Jils (s ie
d;u\czug;@\;\gﬁ\@ujmwmm@@umu@&u\ or



Q. What physical property measurable in this experiment
distinguishes( Ja 3l (3,8) cyclohexane from cyclohexene ?

Ans . Boiling point

Q. Using apparatus described in this experiment when should the
boiling point of a liquid be recorded ?

Ans . When the bubbles cease( < sil) to escape and before the liquid
re-enters the capillary tube .




JQ. How does atmospheric pressure affect the boiling point of a Liquid ?

Ans. Directly

Q. How does intermolecular forces affect the boiling point of a Liquid ?

Ans. Directly

Q. Boiling point Solution larger than Boiling point Solvent ?
Ans. Because it has stronger intermolecular forces
Q. If a several drops of liquid unknown cling to the pipette wall after delivery,
Will the density of the unknown be reported too high or too Low ?
Ans. Too Low , Mass will decrease then Density will decrease .




Q. If the Boiling Point is recorded when bubbles are rapidly escaping
the capillary tube will it be recorded too high or too low ?

Ans . Reading > True Value,
Temp > True Boiling Point,
Vapor pressure > Patm

Q. If the Boiling Point is recorded after the liquids enters the
capillary tube (after the heat is removed ) will it be recorded too high
or too low ?

Ans. ,
Reading < True Value,

Temp < True Boiling Point,
Vapor pressure < P_,,,



Q. If the Boiling Point is recorded when the liquids cease to escape
and before the liquids re-enters the capillary tube ?

Reading = True Value,
Temp = True Boiling Point,
Vapor pressure = Patm

1 Q. Can you predict when the VP=P
Ans. No

theoretically ?

atm



Q. A students liquid unknown boils at approximately 69°C

insoluble in water but soluble in C,H,, . Its density is 0.65 which
chemical is the unknown ?

Table (1) physical properties of some common laboratory chemicals
Symbols used: i = insoluble, sls = slightly soluble, s = soluble

ili Solubility

Compound | Density(g/m!) Ii(;:tl(ng) H,0 CsHiz C,HsOH
Acetone 0.79 56 s S
2-butanone 0.805 80 S S S
Cyclohexane 0.79 80.74 1 - S
Cyclohexene 0.81 83 i S S
Ethanol 0.79 79 sls S -
Ethylacctatc 0.90 i i 4 3 S S
Heptane 0.684 98 1 S S
n-hexane 0.66 68 1 S S
1-hexene 0.67 63 1 S S
Isopropanol 0.79 83 S S S
Methanol 0.79 65 S S S
n-propanol 0.805 97 S S S
Water 1.00 100 - 1 S




Table (1) physical properties of some co

mmon laboratory chemicals

Symbols used: i = insoluble, sls = slightly soluble, s = soluble
. Boilin Solubility
Compound | Density(g/ml) Point(g) H.0 CHi | CHsOH
Acetone 0.79 56 s s s

2-butanone 0.805 80 S S
Cyclohexane 0.79 80.74 1 -
Cyclohexene 0.81 83 i S
Ethanol 0.79 79 sls S
Ethylacctatc 0.9 & i S S
3 08 i S

: 1 S
Isopropanol 0.79 83 s S
Methanol 0.79 65 S S
n-propanol 0.805 97 S S
Water 1.00 100 - 1

S
S
S
S
S
S
S
S
S
S
S

LS yall g lasd 4n J gaall 134
da 0 ¢ ST Lnal aa g
2 oLl A s oLlel

elall (8 s Y J geaall S yall
¥ JsEY s OleSedl A s
aM) SHA d‘}uﬂ\ @ a)SJJ

>



Q. A students liquid unknown boils at approximately 98°C

insoluble in water but soluble in C;H,, and C,H;OH. The mass of 2ml|
of the unknown 1.368g which chemical is the unknown ?

Table (1) physical properties of some common laboratory chemicals
Symbols used: i = insoluble, sls = slightly soluble, s = soluble

ili Solubility

Compound | Density(g/ml) li(i)gtl(ng) H.0 CeHiz | CHsOH
Acetone 0.79 56 s s
2-butanone 0.805 80 S S S
Cyclohexane 0.79 80.74 1 - S
Cyclohexene 0.81 83 i S S
Ethanol 0.79 79 sls S -
Ethylacctate 0.90 o i 4 S S S
Heptane 0.684 98 1 S S
n-hexane 0.66 68 1 S S
1-hexene 0.67 63 1 S S
Isopropanol 0.79 83 S S S
Methanol 0.79 65 S S S
n-propanol 0.805 97 S 5 S
Water 1.00 100 - 1 S




Table (1) physical properties of some common labora

Svmbols used: i = insoluble, sls = slightly soluble,

tory chemicals
s = soluble

. Boilin Solubility

Compound | Density(g/ml) Point(Cg) H,0 CeH, | CoHsOH
Acetone 0.79 56 S S
2-butanone 0.805 80 S S S
Cyclohexane 0.79 80.74 1 - S
Cyclohexene 0.81 83 i S S
Ethanol 0.79 79 sls S -
Ethylacctatc : s S S
Heptane 0.684 98 1 S S
n-hexane v 1 S S
1-hexene 0.67 63 1 S S
Isopropanol 0.79 83 S S S
Methanol 0.79 65 S S S
n-propanol 0.805 97 S S S
Water 1.00 100 - 1 S

1.75
D =T=0.875

LS gl eland 4 Jsaad) 13a
A o5 ALl Lpal aa g
A el A o L Ll

0.684 _» &<l 5 98

elall (A sl Y J senall S
JPEY) 5 OleSell & gl g



Q. if you need 10ml Pipette to weight 10ml of three unknown liquid
substances A, B and C. You find that the weight of the 10ml of each
substances is the following : A=9.2 g, B=9 g , C=8.9 g The order of density
decreasing of these liquids is ?

e Ans. A0 sk (el AUKY e Al QS e L ) oS 1S e
A>B>C

(INotes :
>If X has Boiling Point > Boiling Point of water 100C (4l & plual ¥)

>|f X has Boiling Point < Boiling Point of water 100C (% il & plal)



Q(Years) . In the experiment of identification of a compound by physical
properties , the following and observations are collected for an
unknown compound A :

* Solubility in water : Soluble
 Solubility in Hexane : Insoluble
* Mass of 2.0mLof A=1.57g

e Boiling point = 81C"

Depending on the table below , Ais ?




1.57
D=T=O.785

S S pall W ity Aildl) g ABUSD) g Llad) da o DA g

Ans. Isopropanol



Experiment (5)

Tests for Cations and Anions

Cations(+) : dua gall i 52! Anions(-) : Al <l gl



d Cations: Cations(+) : 4 sall G Y

1- Ca™?(Calicium Test )

Ca*?*+ Na,C,0, > CaC,0,+ NaNO,

l \

asipall c3usi Sodium oxalate  Calcium oxalate  psdsl Yl
WRAC (oY) quul 1) sl



2- Fe™3(Ferric Test )

Fet3 4+ KSCN~ —» FeSCN**

/ \

asmalisll Sl s P otassium thiocyanate Red Solution
AL Y



3- NH,"(Ammonium Test )

L gl
/
NH,* + NaOH - NH; + NaNO; + H,0

NN

Basic Media <= haw g 3 Ua Jelidl) Litmus Paper: («edll g 4d 4

CulS Jla Gy @3 cstll 1 saa¥) ol e uadd) )50 48 5 sas Lia
OsU) et Ariad (9 ) ) Lgd ]
NH,+ H,0 = NH,OH



] Anions : Anions(-) : Al QUJ,;Y\
1. SO, %:Sulfate Test _n Acidic Media: g b

. HCl )
50, “ + Bac(l, -  BaS0,+ 2CI

/ N\

Barium chlorideasisl (o) Gl 1) gkl
as ) Ay lS

Lad g Boall (ST Guillall 8 0 oS Gaan) ol I (Y 4ui) 1 Adiada
&L&L&j& )A‘)!‘j @A&L&jém\\i L:'\j\\j\




2. HCO; :BicarbonateTest

HCO,™ + HCl - CO,+ NaCl + H,0

S

Acidic Media: ] ) .
(aan b g Air Bubbles i) s ciclis

€O, + H,0 = H,CO,



3. Cl7,Br (Chloride and Bromide ions Test )

NaCl+ HNO; + AgNO; — AgCl

/ l \ \ (o) quud 1) gl

Sodium Chloride Acidic Media Silver Nitrate

[/

NaBr + HNO; + AgNO; —» AgBr

/

Sodium Bromide Pale Yellow PPT: <l jial 454l il



Q. The Sulfate ion can be detected by ?
Ans. Adding BaCl, Solution in Acidic Media and White PPT will appear .

1Q(Years). The Cl™ can be detected by ?
Ans. Silver nitrate + Acid

Q(Years). The iron(I11)ion can be detected by ?
Ans. Adding KSCN solution and a red color will appear .

Q. The Fe*3 ion can be detected by ?
Ans. Adding KSCN solution and a red color will appear .




JQ. An unknown Salt give a gas that (convert the litmus paper from

red to blue) when detected with (Sodium Hydroxide) And 3 (pale

yvellow PPT) when reacted with (silver nitrate in acidic Media) , The
formula of the salt is ?

Sl sleall amy YA (e mlall & 53 alag) aslaall ;e o jle ALiuY) o2a 3 S
b (sl 5 e O sl A ang ) G oS (S5 and S 85 el

Ans. NH,Br
/>

Litmus Paper: g«edll g 48 )

a_&sh)s.\a\éuj]u.u\)



1Q(Years). four unknown salts have the formula AB, XY, ZW, AY, the
following results are obtained by testing the ions in the sample :

According to the previous Table the salt AY is ?

Unknown Potassium Sodium Oxalate Silver Nitrate| Barium Chloride Red Litmus
Compound thiocyanate Paper

White PPT
Ans . :3'/1 +Fe§3 = FeCl,
) cad J‘u‘ Jslas +Ve: Positive Results

—Ve: Negative Results (& laay al



JQ(Years). when an unknown React with Sodium Hydroxide( NaOH )
solution , it evolved a gas which convert the wet red litmus paper to
blue, the resulted aqueous layer from the previous RXN was
treated with Hydrochloric acid(HC![) solution and carbon
dioxide(H,CO;) evolved immediately as a result of RXN , the unknown

is ?

NH,HCO,

7\

Litmus Paper: cwdl Jsr %y oy oy 3 gal) JMA (4a



N Experiment (6 N

Molar Mass of a Volatile Liquid

| &wuiaodl dwaid)l puud) daoualS Ul &al
auiaoll dwasiall pund) duoualKUl diall " N |




J Avogadro’s Principle : Each equal volumes of gases at the same
temperature and pressure contain equal number of
particles(molecules) .

Lyl 55 ) all (udh die 5 anall ydi legd () paie Al GIS 1)
Y sall 220l e () oSG

o Ao \a ddaa
u-b =)=

dwisoll dAwaidll puud) drosalK Ul aiabl




> We will use Ideal Gas Law in our calculations

.

PV = nRT

Mass
n(Mol) =

Molar Mass

Molar Mass =



Symbol Meaning Unit Notes

V Volume of Vapor L 1L=1000ml|

1L=1000cm?
1L=1dm?3

R Gas constant (0.0821) (atm*L/Kelvin*mol )

D Density (g/L)

T Temperature of boiling water (K) K'=C +273

P Atmospheric Pressure (atm) 1 atm = 760mmHg(torr)

760mmHg=101325Pa
n Number of moles Mol

PV = nRT




Q. what is the Mass of Vapor volatile liquid (M.M=85g/mol) which
completely fill a 184mL flask at 94C" and 675.05 torr ?

0.0821(lkxe)
G sllaall . ’
m*R*T\‘
Molar Mass = 94C° + 273C" = 367K°
U * P\
/ j 675.05 _ o
85 () 184 760

1000

m * 0.0821 * 367

85 = 0 184 = 0.88 mass = 0.461




dQ(Years). A flask weighs 40.1305 g when clean, dry, evacuated .
138.241g when filled with water (D=0.997g/ml ) and 40.2487 g when
filled with a gaseous substance at 470.4 torr and 96C , what is the
molar mass (g/mol ) of the gas ? R=0.0821 (atm*L)/(Kelvin*mol)

0.0821(kxe)
40.2487 — 40.1305 = 01182 w_ /

M * R « T=——=b 96" +273C" = 369K"

Molar Mass =

/ v *x P
o \ 4704 _
' 760

m = 138.241 — 40.1305 = 98.1105

981105

V= 0.997 = 98.40




B 0.1182 % 0.0821 * 369

M.M = 98.40
1000

= 58.7

x 0.62

dwiaodl Awaia)l paud) dioualK Dl aiall




Q. A cylinder contains compressed hydrogen gas and the mass of the
hydrogen is 20g , what Mass of oxygen is 20 g what mass of oxygen
would be contained in an Identical cylinder at the same Temperature
and Pressure ? \

O 94 W gl (AN Ad) ghay) (il
Vyg=V0 =—>» nyz=n0

\

goale sl Ay Hlas I s

dwiaoll Awaia)l paud) droualK Dl diall




Mass = M.M * n(Mol)

Mass of O =16 x 20 = 320

dwiaodl dAwaida)l paud) droualK Dl aiall




Q. for which of the following compounds can we determine its M.M
using the method described in this exp and why ?

Benzene (B.P=78 C")
Glycerol (B.P=180 C)

Sl SRS AN 100 Ay slall G daa e BB (LIS da 2 Al ) s



Q. Why should the Erlenmeyer flask be dry ?
Ans . To avoid changing the mass of the substance

JQ. Why we should Make a small hole through the aluminum foils ?

Ans. To avoid the explosion of the flask

Q. Does it effect if we change the guantity of the water ?
Ans . No , M.M is independent on the quantity of the water .




Q. Why we are putting a few boiling stones in the liquid ?
Ans. To decrease the bubbles of the boiling so we can avoid explosion .

Q. Why should we heat the beater slowly ?
Ans. To avoid fast evaporation .

JQ. Why should we dry the outside of the aluminum foil completely
after finish heating ?

Ans. To have an accurate reading of the Mass .




1Q. Describe the effect on the calculated Molar mass of the volatile
liquid (increase , decrease , No effect ).

e 1- If the flask isn’t dried completely from outside before weighing ?

Ans. Mass increase so M.M increase

* 2- If the density of the volatile liquid was mistakenly greater than the
true value ?

Ans. Increase

* 3- If the temp of the boiling water was mistakenly less than the true
value ?

Ans. Decrease
e 4- If balance reads lower than the true value ?

Ans. No effect



Q(Years). Which of the following liquids using the experimental procedure of Molar
Mass of volatile Liquid experiment can not be used to determine its molar mass ?

Ans. B.P=169C"

Q. if the volume of the flask is bigger than the recorded volume ?
Ans . Increase \ S b e ) manl) ga ke BV

Q. if amount of volatile liquid isn’t enough in the flask but V will be
considered as filled and the mass of vapor will be lower,

Ans. decrease



Experiment (7)

Determination of the Molar Volume of Hydrogen Gas

duiaoll dwaiall pand) duoualS Ul aiall




Volof Gas(L) L
moles of Gas(mol) moles

Molar Volume =V~ =

STP:Standard Temperture and Pressure
T=0C =273K P = 1atm = 760torr

(1 One mole of an ideal Gas at STP will occupy a volume = 22.4L

L
mole

Verp™ = 22.4 BTN




In this exp the following rxn will be done :

1Mg(s) + 2HCl - MgCl, + 1H,

So: molof Mg =molof H,

H, gas will be collected over water , so that the pressure in
the container (Burette) will be :

Prowas = PGas + PH,,m=pp . = PTotal — PH,,

\P \PGas: \

Hz PGas — H2







PTotal Patm

Py, \

PGas PTOtCll — PGClS + PHZO

55M\QAAA




Pr,ia1 > Patm

A A ) Laa | s oS S Jaaall
g 9 LS zoladl ) Jilad)

Proi < Patm

@ Laa Al Jadlall (pa 8] (g gad) Jasall
fasa sa LaS JAlA ) Jilad) Jsda



Gases Law
1-Boyle’s law A

RV, = BV,

0 >/

P = Pressure of the gas )
V = Volume of the gas o dan ) do jga ) use A gl

Temperature must be constant

SJ\JQ\%JJ‘:@M%&;@&MUM\%LAZA%



2-Charles’s law

Q
Vi ¥, .
== 3
O
& >
l 1 2
V.,V are Volumes of gas Temperature

T, T are temperatures of gas

lasal) & gl %Jﬁ&%@M‘JSJ‘Jﬂ‘%JJ%uﬁ%



law




Q. A student wants to determine experimentally the volume
occupied by one mole of H, gas at STP, she reacts 0.1471 g of Zn
with excess HCL and collects 56.09 ml of gas over water at 22C and
757.8 torr , the VP of water at 22C is 19.8 torr .

JFind :
1- The volume occupied by one Mole of dry H, at 22C , 760 torr

2- The volume occupied by one Mole of dry H, at STP .

1Zn(s) + 2HCl —» ZnCl, + 1H,



Mass of Zn=0.14719g —m0  0p (S Y

56.09

Volumeof H, = 56.09 ml —> 000 = 005609

Tyoo =22C —> T =22+ 273 =295K

Pyyia1 = 757.8 torr — P = 757.8 = 0.99
760
19.8

760



56.09 760
=0.05609 — —
1000 760 1

0.99—0.0260\ T / / o gllae
PV, PV

T =22+ 273 = 295K T =22+ 273 =295K

V, = 0.054L



1Zn(s) + 2HCl —» ZnCl, + 1H,
So: molof Zn =molof H,

Mass 0.1471 5 24 % 10-3mol
— — = /. k
Molar Mass 65.4 mo

Vyof Gas(L) ~  0.05609
moles of Gas(mol) 2.24 %1073

Molar Volume =V~ =



Part 2

STP: Standard Temperture and Pressure

T,=0C" =273K" P, = 1atm = 760torr

56.09
= 0.05609

1000 slha

I/

1—-0.0260 \Plvl - P2V2

/T1 1
T =22+ 273 = 295K

V, = 0.054L




V,of Gas(L) 0.054

= = 24.1
moles of Gas(mol) 2.24 %1073

Molar Volume =V~ =

TUEST

duisodl dwaia)l paud) drosal Ul diall




dQ(Years). Which changes in pressure and temperature occur as a
given mass of gas at 1520 torr and 285.5K is changed to STP ?

1520 760
285.5 273

5.32=2.78 2:1

Ans. Both the pressure and the temperature are halved

1Q(Years). One mole of an ideal gas at STP will occupy volume equals ?
Ans. 224 L

Q(Years). If two stoppered flask contains 2 liters of a gas at STP, so
each gas sample has the same ?

Ans. Number of molecules



Experiment (8)
Colligative Properties: Molar Mass Determination

\\

&wisodl dwsiall pund) droualK Ul &bl




[ When a non-volatile solute( il 2l lAdl) js dissolved in certain amount
of solvent , some of physical properties(Quantitative) of solvent is changed
such as:

1 Freezing Point ”FP ”( 2la3Y) 4a )3) : Decreasing or Depression( (=lad))

[ Boiling Point ”BP”( (Wl 4x ,3) : Increasing or Elevation ( ¢l )

[ Vapor Pressure "VP” (&l kaxll) : Lowering( (=)



e e
Objective: | | —
To determine the molar mass of a non-volatile, non-electrolyte by 0DSEIVIN
difference between the freezing points of a solvent and a solution. \

B

3

PN\ al\VFITAY

\

\A

dwisadl dwaiall paud) droual Ul aiall




[ The decreasing in FP of solvent is called FP Depression (FPD)
and represents by :

FP: 333aa da

AT, = FP — FP
/ \ | ATf = FPD: W g G ,dl
Solvent Solution

A ga Laild (A g

d FP: Temperature at which the solid and liquid states are present at
equivalent at the atmospheric pressure .




T(C) ] Plot Temperature Vs Time

5Jbﬂ$ aA.JJQh:S

/

FP

ATf=5—3

ATf

cldal) Al die Uil «— > Solution S8

Time
Jd When Amount of solute in solvent increasing the FPD
increasing and FP decreasing



ATF am : 4k d3s
culd
\ y

molality ATF = kf *m

Moles Solute Mass solute
Mass Solvent  M.M Solute * Mass Solvent(kg)

. mol
Unit= —
Kg

m =

Mass solute
M.M Solute * Mass Solvent

ATF = kf sm——>  ATF=kjf+



Mass solute
M.M Solute *x Mass Solvent

O £ g ga Lglaa /
MM Solute — k Mass solute . g
: = * — _J_
orute / ATF x Mass Solvent Unit mol

ATF = kf *

dxiaodl dAwaiall paud) droualK Dl aiall




o o

K:: FPD constant for solvent Unit = & = ¢ kg

m mol
/ﬂﬁla R
[ If we have an electrolyte solute we will have
vant hoff factor (i)
! ATF =i+ kf *xm

JSiia Jalaa
duajha ABall i aldATY) 31 LalS Jaleall 305 Lals



Q. Students prepared Two cyclohexane solutions having the same mass
of solute , however student 1 used 13 g of X material and student 2
used 15 g which student will observe larger freezing point change ?

1
Mass solvent

ATF
3aS) i) S LalS ALl ¢uld Lalg

Ans. Student 1




Q. why should we keep Moving the solution when it freezes ?

Ans. To avoid super cooling .

duwiaodl dwaia)l paud) drosalK Ul diall




Q. A 0.597 g sample of a non-electrolyte dissolves in 20 g of X the FPD
is 3.62 C_what is the MM of the non-electrolyte ? Kf for X =20 ¢ rkg

mol

Non-Electrolyte =i =1 X: Solvent

Mass solute
ATF « Mass Solvent

M.M Solute = kf *

0.597 g

M.M Solute = 20 = 164.92——
orute *3.62*20*10‘3 mol




Q. If the solution FP is erroneously(U3ll) read 0.2 C” lower than it should
be will the unknowns calculated Molar Mass be too low or too high ?

AT = FP — FP—> ca

< /0

<id) ) Solvent Solution

Mass solute
M.M Solute = kf *

J ATF * Mass Solvent
<) )

Ans. MM Too low



Q. The FP of solution had been incorrectly read 0.6C higher than the
true FP , the calculated Molar Mass will be Lower than actual ?

Ans. False

AT; = FP — FP —> cy;

A A

Solvent Solution

»

MM Solut I Mass solute
. — k
orute / ATF * Mass Solvent

/ /

&) 3 la




Q. If the thermometer reading is always 1.5C  higher than the
correct Temp the calculated Molar Mass will be not effected ?

Ans. True

A gal) ALY a5 Y M el 0% ) | Slead) (bl b JIAY) U

Q. If thermometer reads 0.2C lower than the true value ?
Ans. No effect

A gall ALY L Y UM il 0% il | Slgadl Gl B JIAY) L




1Q. How will the FP change in these cases ?

1- A non-volatile solute that dissociates ?

* Ans. Increase

2- Tow solutes that react according to the equation ?
A+B-C

* Ans. decrease

3- If equation is ?
C -A+B

* Ans. Increase



Q. If some solute Adhesion(s<il) to the test tubes wall, is the FP
change greater or less than it should be ?

Ans.
Alail) g <18
<ald -
el Mass solute
ATF = kf *

M.M Solute * Mass Solvent

ua ) Adlia J1ge



Q. A solution of 3.33 g of unknown in 50 g of water freezes at —0.773C ",
what’s the Molecular weight of the unknown if you know the K=1.86 % .

AT, = FP — FP Solvent: Water

\ Solution

Solvent
Mass solute

ATF = Mass Solvent(kg)

M.M Solute = kf =

3.33 g
M. M —1.86 =160 -2
Solute "0 ——0.773) = 0.05 mol




Q. If the test tube contains an insoluble impurity(obsd J & ),
then the calculated Molar Mass will be no effected ?

Ans. True

Mass solute
ATF = Mass Solvent(kg)

M.M Solute = kf =

A o A Jglaa oSy al GUIAT (il 93 Giday ol



Q. The FPD of 0.2Mol of NaCl in 10g of water is lower than the FPD
of 0.2Mol C,yHg In 10 g of water ?

Ans. False

ATF =i+ kf xm

RN

A G g (Al A slall A LS oY A ol

i for NaCl = 2

[ for C,oHg =1 %)
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Kg: BPE constant for solvent

AT, = BP — BP
/)
Solvent Solution

ATB = kB *m a0l &waiall pud) dpopalSDI &l




NaCl 1
MgCl, 2
AlCI, 3
4 eac LS e 1

dQ(Years). In the experiment of determination of the
molar mass of a nonvolatile solute, K; represents ?
Ans. Freezing point depression constant for the solvent.



JQ(Years). Calculate the amount heat liberated by dissolving 0.030mol
of AlCl; (M.M=133.33 i) in 100g water ? If you know that the heat

mol
o K
of solution is -214 —L
mol



Q(Years). A solution of 3.125 g of erythritol in 75.2 g of water freezes at

— 0.773C . What is the molecular weight of erythritol ? K=1.86 MC—M

3.125

M.M Solute = 1.86 x 7E 5

(0——-0.773) * 1000

=100



JQ(Years). Mass of solute =4.25 g, mass of water=50 g, freezing point of pure

water =0.10C", freezing point of solution =-2.30C" , Kf=1.86 % Calculate the
molar mass of the solute ?

Mass solute
M.M Solute = kf =

ATF x Mass Solvent(kg)
4.25
M.M Solute = 1.86 =0
(0.10 — —2.30) * 7555

= 65.875



HM#e#  Experiment (9) - ¢
Calo.ri.-metry
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A (Al

JPurpose : To measure Heat of RXN .

¢ Calorimetry(4_=~) : It’s the Measurement of heat change .

“»Calorimeter(_x4ll) : It’s a device that used to measure the heat of the RXN .

duiaodl dwaiall paud) drouals Ul &aul dawiaoll dwasiall paud) droual§ I aiall




dHeat of rxn AH,, , have several kinds such :

> 1- Heat of solution( Jsaall 3 ) ) : Amount of Heat required or
released when a certain amount of solute is dissolved in certain
amount of solvent or heat flows during a process of solvent and
another definition heat flows during a process of solution .

the heat of solution in kJ is AH; |

Aaall W iy g sl e 0S8 Jslae W 6Sh oelall (B gy o el 20 5 5 Ladic



> 2- Heat of Neutralization(Jeil) Jel 3 ) a) : Amount of heat that is
released from the Neutralization at acids by bases at constant
pressure and another definition Amount of heat required or released
to make a nature

NaOH(s) P H+(aq) + Cl.(aq) - H0+ Na+(aq) ” Cl.(aq) + Heat AH;
Where the combined heat of solution and heat of neutraization in k] 15 AH

A8 5 Jslae Wl iy g el Wl iy o) 5ISH g Cpan g el (e (0 5S0 Jslae g p 503 el a9 Haua Jo sl Lia



AHrxn AHsolution AH

neutralization

Can be determined Can not be determined
experimentally experimentally

duisodl dwaiall paud) dropalKUI &ial dwiaoldl dwaiall paud) dGaroualK Ul aiall




AHneutraIization Can be determined from the difference
between the combined heat of solution and
neutralization (AHrxn) and heat of
solution

AH . i alization= AHTXN — AHsolution

duiaodl awsiall pandl duoual Dl aiall dxinall dwaiall paud) droualK DI aiall




AHrxn=AH + AHsolution

neutralization

AHrxn > AH

neutralization

AHrxn > AHsolution

P r M Y — &l dwaial paudl duoualK DI &iall




AH = —Mass solutin(g) » AT = Specific Heat

(Solvent + Solute ) Jdod) han g9 Adls gl A ga B LAY (90 28

J Specific Heat : Amount of Heat required to raise the Temperature

of 1 g of sample by 1 C and the unit = g*]Co
AT = Tf — It unit: C



Exothermic T:>Ti Increasing Out of the system Neg(-)

(BJ\)J JJ\.L:) AT('I')
Endothermic Ie<Ti Decreasing Into the system Pos(+)
(3,0 d uals) AT()

AT = Tf — Ti



* The heat of the solution should be calculated while the calorimeter is
closed tightly( ~\S~) & (3las)

* NaOH that used in the exp is hygroscopic so that it should be
weighted and use it fast .

> Hygroscopic: (s &g slall ulad 2 g Ayl yic) 5la
pabaiaY) M (se Lghada

AH: is Quantitative property
Depends on Amount not nature..




AH: 3 (S Jsall Lghaa

AH :
Heat per mole — —— F A 23 5 5 Al Glaa g J llay
AH
* Heat per gram —
mass of A
.k AH _
e Heat in —— — *107°

mol moles of A

.k AH —
* Heatin = — *107°
g mass of A

auiaodl Awaid)l paud) daosalK Ul diall




Q. A 2 g sample of solid C;OH is dissolved in 200mL of water in a

calorimeter , the Temperature of the water was raised from 22.3C" to

23.4 C, calculate the Heat of solution in LA and find the Heat of the

mol
neutralization if you know the specific heat of the solution to be

4.184 L and the density of the solution to be 1 g 5

gC mlL

dwiaodl dAwaiall paud) dioual Ul aiall
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AH = —Mass solutin(g) *» AT * Specific Heat

1 1 1

Mass(Solvent+ Solute) 9234 _-9223-11 4.184
Type |
., _ Mass e
B
Mass _
1 = — Mass of Solution = 200 + 2 =202g

200



AH = —202 x 1.1 * 4.186 = —929.7]

AH
moles of soluteC.OH

Heat per mole —

Mass B 2

Moles =~ = 129.9

=0.0133

—929.7] 10-3 69 68 kJ
% = —069.
0.0133 mol




AH = AHrxn — AHsoluti,,

l

(e Al (2 B e

neutralization

AH ~127.1 - (—69.1)

neutralization™

auiaodl dAwaiall paud) droual§ Il aial




Q. A 2 g sample of solid C;OH is reacted with 200mL of aqueous
solution of HCl in a calorimeter , the Temperature of the solution was
increased from 22.3C to 24.3 C , calculate the Heat of reaction in

% and if you know the specific heat of the solution to be 4.184 é
and the density of the solution to be 1 J 7

mL

AN

dwiaodl dwaiall paud) duoualK DIl aiall




AH = —Mass solutin(g) *» AT * Specific Heat

1 1 1

Mass(Solvent + Solute) 243 _922 3 =2 4.184
Mass
D =
V
Mass _
1 = — Mass of Solution = 200 + 2 =202g




AH = —202 * 2 x 4186 = —1691.44]

AH
moles of soluteC.OH

Heat per mole —

Vol _Mass_ 2 — 0.0133
O¢S="MM T 1499 "
~1691.44J k]

103 = —-127.17
0.0133 1V mol




# % Experiment (10) 7 <
Electochemistry

NVAvAY

%
4
:|§
1
&
” |
=
]
1
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« Oxidation(c2S)) : Loss of e’s .
e Reduction( J'a)) : Gain of €’s .
Sl g A<l
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Oxidizing Agent(x«S3all Jalall): substance that is Reduced.

Reducing Agent( Jiaall Jalall) : substance that is Oxidized.

Mlittee
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(JOxidation — Reduction RXN : Any chemical rxn involves the transfer of
e’s( <l i8l)) from one substance to another is an oxidation- reduction RXN .

JI Ay s anslll cilelss e s AT ) 3ale (e g STV JUE] Lead oy Al cdle Ll

(JThe Oxidation-Reduction RXN cause the transfer of e’s which can be
detected by Voltmeter.( J&l 2925 Ao AV yiw 5l 8l & jal)
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Int2 +2e > Zn o= —0.76V

Cu*t? +2e - Cu Fo= +40.34V

\

J Aty dualiia Lgdl Lyl g Bl (ana (e, dplall Cig N o Js
agd JIAY) Alalaa AUS g s (g gbew G gutgd) J AT 68N 9 g g

2HY +2e - H, E°= 0
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Int2 +2e > Zn Fo= —0.76V
Cut? + 2e - Cu Fo= +0.34V

JALE Y saladl e ey g Vbl sda clidasy J Y1 JSE)
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Int2 +2e > Zn o= —0.76V

Cu*t? + 2e - Cu RO =

\

DAY JAL0 A b i)
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+2e —>
Cu
)
E°=(
34V
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Joas) | Jo aaind ¥ LY 2l
Cu**(aq) +2¢ —» Cus  E°=(034V

Zngs) = Zn*" ag) +2€ E°=0.76 V



bagall g daall o duaats (i g (N g
dCathode(t¢l!) : Electrode at which reduction occurs (+ve electrode)

(JAnode(¥<24ll): Electrode at which oxidation occurs (-ve electrode)
and the e’s from anode to cathode .

P daaauall d
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Jel&S
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> Lt 2 o
3 Zn > 7Zn“* + 2e Cu<t + 2¢~ — Cu




- G alad) fe aatl G g Y

Zngs) = Zn* g +2€
~

dadasi S Gl (od g O Gaang

acalall 3 ylaiall oa o A patall e oS ol e bl

JSalt bridge : U tube that is filled with saturated electrolyte

solution(_&gf):*i Jslas) such as KCI , KNO, and the purpose
of it is to compensate the ions migration by providing the

solution that has a cation migration by cations.
il oY) JUE) yimy ga




1Q(Years). In an electrochemical cell , what is the purpose of the salt bridge ?

Ans. It permits the compensate (migration) of ions between the half-cells .



PLA AL I .

.h\gﬂtgi@\ghbb&gﬁd@dﬁ&ﬁ@j\JMiim&g
J gl

el NG /
7n/Zn*2(1.00M)//Cu*2(1.00M) /Cu

) il 1 1 1 i gall uladl)
) daalal) 5_haidll . .
43 ¢ pall Ak § Sraall A8 5 ral) Aiduay g Jasgall

35




* A Spontaneous reaction is a reaction that favors the formation of
products at the conditions under which the reaction is occurring.

(@)
Ecell > O
Jelal L gy i) G lall b cilaiiall (oS5 Jaady Jeld a3l Jelal

* A Nonspontaneous reaction is a reaction that does not favor the
formation of products at the given set of conditions

Cog ) (e Aisna A gana & clatiall G5 day ¥ Jelii a G ye Jelal

E_ . <0

cell
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d Q: The product of Molar concentration of products divided by the
product of molar concentrations of reactions

Molar concentration of products

Q_

~ Molar concentrations of reactions
» bxall ol Led 58 5l 2al o g8l o Led ala) b g ) A gl
LLA\ 3) gal) Jlaals wésj Gl j Crlladll
Aq (Jsia)
(o S i g Al 85 Jaddal) 22l o g8 Jo S il Al a8 Yl ) é




. 2.303RT ol il o O

E ., = LnQ
[l
ce TlF
Symbol Value Unit
R 8.314 Jol
mol *x K
F 96500 C
mol of e’s




19.29 What is the potential of a cell made up of Zn/Zn*"
CARIS and Cu/Cu”" half-cells at 25°C if [Zn*"] = 0.25 M
and [Cu*"] = 0.15 M?

Zn+2 + Ze\ —> Zn Eﬂ' o —0.76V



Ans. Al e Cag Ll C)i e Yo Sl Cads)
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Molar concentration of products

Molar concentrations of reactions

Zn(s) + Cu(aq)*? —» Zn(aq)™? + Cu(s)

Alal) 3] gall Jlaa) A



 Zn™ |
©= ™ |

0.25M
0.15M

=1.66 ol dwsiall pudl duooal§ DI aiall

0.0592
2

E.,= 110 Log1.66 = 1.09



19.31 Calculate the standard potential of the cell consisting
of the Zn/Zn*" half-cell and the SHE. What will the

emf of the cell be if [Zn*"] = 0.45 M, Py, = 2.0 atm,
and [H'] = 1.8 M?

Int2 +2e > Zn Fo= —0.76V

2H* + 2e - H, E° = 0



Zn(s)+2H" (ag) = Zn*' (ag)+H,(g)

dwiaodl dwaidl paud) duoual§ Ul aiall
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19.17 Which species in each pair 1s a better oxidizing agent
P T ‘ }+
("ARIS under standard-state conditions? (a) Br, or Au™ ",

(c) Cd*" or Cr'?

Oxidizing Agent(«S3all Jalall): Substance that is Reduced.




Br, (/) +2¢~ — 2Br (aq)
Au' (ag)+3e — Au(s)

Cd*' (ag)+2e — Cd(s)
Cr'' (ag)+3e — Cr(s)

E°=+107V

=+I.SOV\

E® =-040V—""

E°=-0.74V

sl



19.18 Which species 1n each pair 15 a better reducing agent

under standard-state conditions?

() Na or L1,

Reducing Agent( Jiaall Jalall) : substance that is Oxidized.



Na'(ag) + e — Nal(s) E°==271V
Li'(ag) + e — Li(s) E’=-3.05V

~

il s



19.13 Predict whether Fe’* can oxidize 1™ to I, under
standard-state conditions.

Fe"’(aq) +1le > Fe” (ag) E°=+0.77V
[,(s)+2¢ — 21 (aq) E°=+0.53V



=4+0.24V

Hence, Fe'*canoxidize |“to [, under standard-state conditions



J Concentration Cell : A cell may be constructed
from two half cells have the same solution but
different in concentration of both .

5480 A0 AdR e Jallaall o Babal) (il Jasgall 5 dxadl

FO=() —— s
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19.34 Calculate the emf of the following concentration cell:

Mg(s)|Mg*" (0.24 M) || Mg** (0.53 M)| Mg(s)



[Aql

]+n

:ACOTLC]

]+n

E=E

dwiaoll dwasid)l paud) duoual§ Dl diall

00592V, o
n

0.0592

=0.00 V- =——1log(0.45)

=+0.010 V|




dQ(Years) . In the concentration cell which of the following statements
is not correct ?

Ans. The standard potential is one .

Q.(Years). Which element can reduce X (+0.16V) ?
Ans.

Q(Years). Which of the following statements is correct ?
Ans. Electrons flow from anode to cathode.



dQ(Years). Calculate the E_,, for the following cell line ?

0.0592 (0.02)2

0.34 > Log0.016 = 0.39 Q=025 (0.1

= 0.016
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