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Experiment (1)
Safety and Equipments
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1-  Always wear your laboratory coat. Do not wear clothing that hinders free movement of .o RIERINE % fe
your hands or hangs loose outside your laboratory coat. — & SR8 Aladil] 13Sa ; adadla
| Cpaaaly i) Ldiud o J) sailall
2- Do not work 1n a laboratory if no lecturer or technician is present. Read the experimental » i Lail| 7 . )-u L
mstructions carefully before starting the work. Especially note any precautions that : & IN
must be taken.

1- Always wear your laboratory coat

2- Don’t work if no lecture is present and read the instructions
Clagdeil) T8 55 uialae cllia (S5l 13) Jaxd ¥



3- Never eat, drink, or smoke in the laboratory. Never taste chemicals. Wash your hands
yell b\?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

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.

5- Note the position of safety equipment and report all accidents
Gl sl man (e a5 LDl Clara 28 50 aaY

6- Use fume hood when handling strong smelling or irritating chemicals
A 5l peagil) o) Al I ol AlaasSl) ol gl ae Jaladill 2ie jlaal) pUag andiil



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.

7- be careful discarding wastes and don’t dispose any material in the sink and some liquids stored in

bottles
Cilala ) 3 DA Ji) ) Gamyg g gall Jdsoke (ol (e i Y g ) e alddl) 8 )3 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

Celll (e Ada 2 g 481 pe (50 N gall & Y

9- don’t point the tube towards any person when heating
Ol die (add ol olad sl aa 8 Y



10- Before leaving the laboratory turn off any water taps and bumers 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.

10- turn off any water taps and burner and wash all apparatus and clean the bench
niall Calai g 3 jeaY) s Just 5 38 ga g olae julia (gl ikl

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

Gkl e 1y aadtiie yie g 8l e & jlea g olall (e GliS Lada|
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
bumn or face a dangerous situation.

12- ask the staff for any doubt
i sl e il sall Jlul

13- request the instructor if you suffer dangerous situation



E’ . .
£
e -
\Q g! -
A :
Glass rod with platinum wire S —-
flame Graduated Eronma Dropping  Teat lubes Bu
(for testing) e ﬂnk?‘r roppiy et 10 Aw,'::,n

Tost tube rack

Tripod —— Buretta clamp
Lo
Testwbebrush ~ Metalspatla  Testtube holder Farogps
Wire gauze Watch glass Cc?hhggs



Accuracy of tools :
Pipette> Burette > Volumetric flask > Graduated cylinder > Beaker > Erlenmeyer flask

Pipette : 48 1V
Uses: Erlenmeyer flask: 33> J3¥)
* 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
dWeighing : Uadl) Ao il g8 (puiba) gl

>1- Balance : uncertainly: by L
A- One decimal (0.0) paa) g 4y pde 4l jie One decimal: 5.0g + 0.1 g

B- Two decimal (0.00) 48y jisi a5 oy pde (il ia Two decimal: 5.00g + 0.01 g



»2- Volumes and thermometer and length :

Calibration
2
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1.30g + 0.05

1.60g = 0.1 \
\ \ 0.2 Lgidla) Lile Gy \01
2

e o —=10.1
L@*ﬁb‘!@"‘.ﬂ% = 0.05



dQ1(Years). Which of the following statements is not correct ?

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

JQ2(Years). . The incorrect statement concerning handling of chemicals in lab is ?

Ans. Toxic chemicals can be used outside the fume hood .

dQ3(Years). . Which of the following is not a safety tool ?

Ans . Bunsen burner

dQ4(Years). . Which of the following tools has the lowest accuracy ?

Ans. Beaker
dQ5(Years). 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

JQ6(Years). . 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. 5.0g9g £ 0.1



dQ7(Years). . 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 + 0.1

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

B- Goggle( sl 5 Uai)

C- fire aid boxes

D- fire blanket

F- fume hood

Q9(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 .

dQ10(Years). . Which of the following tools has the high accuracy ?
Ans. Pipette

Q11(Years). . 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)
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Empirical Formula of a Compounc
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>  Reaction = RXN

OThe Main RXN : U Awvoiding the Side RXN :

Mg + 0, > Mgx0y Mg.N, + 6H,0 > 3Mg(OH), + 2NH,

dThe Side RXN(Formation of Mg;N,) N\

3Mg(s) + N,(g) » Mg;N, Od Heating Mg to ASH: Ammonia

Mg(OH), > MgO + H,0



Empirical formula : Smallest whole number ratio of atoms in the compound
S el 8l Jall G zmmaa 2o sl a7 Aol el

Compound = CPD a8 yra clle SN laial) 8 andiig 3 4K 028 ] jlais)

Mg(s) + 0,(g9) - ngO\y\“
DS 432 0 V5 pmaia dae ()5S g a0 Janal (S5 Ll 1 g i sl s3] 5 agar Aail) 48 jaa g paalag) sa Ay il cia

Q1. How many grams of magnesium combine with 1.5g of chloride was in MgCl, ?
A gall AT 0l (5 sall Jsandl e laaas @lld (DA g Jlgud) (8 a1 slana 5S35 )SA () 2 5 el J8 L
A2 Agpual) callay al Ui

Mass of Cl = 1.5g =——=> gl A ora
Mass of Mg =70 ey sala) i gihaa

Mass Mass 1.5

= = 0.0423 Mol
Molar Mass Molar Mass 35.45 0

Moles of Cl =




Mass _ 1> _ 0.0423 Mol
Molar Mass 35.45 0 .

/ ol alagl L & sairall o alall Y sall aae alay) i€ 5IKH G alall Y sall 220 JA (g6

) A o
MeCl 2 Moles from Cl — 0.0423 | 1. A\
E-ly ————> 1Mole from Mg — X pspuiiall DY 5a Y S s 0 i
0.0423 = 2X X =0.02115 Mol M Mol Mg = o 1SS
' ' g oles of Mg = Molar Mass
0.02115 = Mass
| - 2431 ~
P
Mass

Moles = Molar Mass Mass = 0.514g



JQ2. If 11.8 g of iron reacts with 5.06 g of oxygen , determine the
empirical formula of the resulting oxide ?

Fe,O,

Mass o 0 = Mass
Molar Mass 2125 O Molar Mass

\ 5.06 \
11.8 —— = 0.316Mol
—0 16
gz = 0:211Mol e Pty

. . <N g A al danddl)
N ga 2 jual o dadll 3438 pual e

Moles of Fe =

0.316
0.211 — =1
— =1 0.211
0.211

1x2=2 Fe,O, 1.5%2 =3 Gaelghai M2qla



Q3. 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 ?

CH,N,

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

Gl jad) aas

H,0=2+1+16+1=18
N

Gl jad) dae

N,=2x14 = 28

Gl jad) aas



Mass

Moles =
oLes Molar Mass
6.78
C: «+1=0.154 ., 0154
44 0.031
Y g e jral o dandll
1.94
H: x*x2=10.216 — O'216=7
18 0.031
Y g e jrual o dandll
0.43 B 0.031 1
N-: T *x2=0.031 e 0 031

Y ga 2 jrual o dandl) 6‘51_171V



1Q4. when 0.288 g of P is burned , 0.66 g of white Phosphorus oxide
is obtained , determine the EF of the oxide ?

P.O,
sl auS) AU ellai g sandl) ABS Wl aad jlaidly
il Lixie ) LS JaSi g (oY) ALK ans S aga ylas A

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

Mass of O = 0.66 — 0.28 = 0.372



Mass 0.288 0.00929
Moles of P = o Mass = 0.00929 -1
Molar M 3 0.00929
<Y ga d2e jm\u.\ﬁw\
Mass 0.372 002325
Moles of O = o Mass — 16— 0.02325 — 725
¥ 16 0.00929
1%2 =2 25%2 =05

N\

a2 a8 G oS ol G
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JQ5. 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\

aslra j poina e

2.936
187.78

= 0.0156 Mol of AgBr
\ u.l’aa.a



1 Moles from AgBr — 0.0156
1Mole Br —» X

X =0.0156Mol 0.0156 =

Mass of Br = 1.25

Mass of O =2 —1.25=0.75

Mass

80



0.75 1.25

—— = 0.046 > =0.0156
N ke N b
Y g e jal o daddll
o 0046 . 00156
* 0.0156 r 0.0156

BrO,



JQ1(Years). When a metal M with atomic mass 56 —l 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 :
M: ﬁ_llg 0: 16 — = 2.27
<Y g e Ji..ua\ uiﬁ Al
2.27
113_1 1—13=2
1.13 '

Mo,



Q2(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



1.26 0.21

M: 192_22=0.006554 0: 1—6=0.013125

Y ga daS M\&QM‘

0.006554 ;
0.006554

0.013125

M: 0.006554  “

0:

Mo,



1Q6- Heating before starting ?

Ans. To remove the moisture

Q7- Don’t weight the crucible when its hot ?
Ans. Its gives wrong accurate

Q8- Don’t cover the crucible widely ?

Ans. Its burns Mg brightly

Q9- Adding a few water drops ?

Ans. To decompose Mg;N,

(1Q10- What is the effect of Mg:0 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 )



» 7- Air is not sufficient to react with all the Mg (Increase )
» 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 o) gl S48 6 uUatal) 3) gall
» 11- If the balance reads +0.02g for any reading (No effect )

» 12- Rapid oxidation of Magnesium (Increase )
dQ11-What is the effect of O:Mg Mole ratio if ?

388 g 0aly ) audal Glali (S () 5 el pudad paly ) CuilS Jla B ey (of | JaBh clidlal) uSo|
O Density with Mass ( aaall gy 43k 43e)

L1Q3(Years). Which one of the following does not occur in the Empirical Formula Experiment ?
Ans. Mg(s)+ H, > MgH,

Q4(Years). 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



LQ5(Years). 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 ?

CH,0,
CO,=2%x16+1+12 =44 H,0=2x1+16*1=18
\ Gl jad) aae \ Gl jal) aae
Mass 0.0043
Moles = Molar Mass c: 2 1110 *1 Sl ~\ 0.0043 iy <=2
Y e 2 sl o dandll
H: 0-11:372*2:0.01302 ___>0.01302 C34226 cNgess sl b dadd

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

0.08268 0.00516 , .
0: = 0.00516 =—> =1.2 =1.2 N g e sl o Aaddll

16 0.0043 ' /

. A < - 2 5 " o
gl (B B3 g2 sall il AT aa ) s iy 1] L e C,H.O




Experiment (3)

Limiting Reactant

1 Limiting reactant (LR): It’s the reactant that is consumed first and thus determines of product

formed ) .
ol e J oY) aagd)

aleLiiall ol gall (aa) o AN JLad g s oy Jeléll JaSy W5 O 3Y) sad asiy o) Jo¥) S 1 Gl 4l 0 5Ss Jelidl)
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il e (ALY Ciagl)
U Theoretical yield: Maximum amount that can produced with given amount of LR
by Calculation

O Actual yield: Less than Theoretical yield ,By Lab

o/ violq Actual yield 1009
P il



QThis RXN is endothermic( 3. all J uala) .

(dSupernatant : The clear solution over(Above ) PPT ( «ul ) . J
PPT contains (Excess + Products) . o

Supernatant
" (liquid)

\~/ Pellet

. The equation in molecular form

9Na;P04.12H20 + 3BaCL.2H20 — Bas(POs)z(s) + 6NaCl + 30H.0

The net ionic equation of the reaction is: A o) Adaal) Bl

3Ba** +2P0s> — Bay(POu)s) Jads
\ |

Ll O e M) Lo il Siegd ) Alaladl)



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

BaClL,H,O
N T \
, Sl 1 ey gl eaial L Sall 13 ey M) jeaiall
) il gl S Al sa aa¥) oL A Sl g
Ba*?
PO, 3=LR MM:380.2 \
MM: 244.2
17.56g : ActualYield o) 8351 el Ly

2daall Jalaall Gl



25

Moles of LR = = 0.6575 ki 5 daaal) Jaleal) 2o alads
380.2 SaY Gkl e bl
2 Moles from PO, 3 — 1Mol Bas(PO,), A Gy
0.6575 Mole PO, 3 - X "
Mass
X =0.032875Mol _ —
0.032875 6{?.2
Mass = 19.79 M MBas(PO,),
Y yield Actal yied y 1001 17.56 100% = 88.73%

Theoretical yield 19.79



Q2. 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 Ba;(PO,), ?

GSelad) Jlsadl A e daaall Jaladl s (e cigad ¥ Ll Lia 5S4l

Moles ofP0O,™3 = W _ 0.1052 Moles of Bat? = Y _ 0.1228
0resOJ e T 3802 T T 2442
0.1228
0.1052 _ 1 006 = 0.0409
5 Gl all e =3 /

AN a8 1) A3y aaaall Jaladl
\, s oY) a3 ) Jalal) s



3 Moles from Ba*? - 1Mol Ba,(PO,),
0.1228 Mole Ba*? - X

Mass
X = 0.04093Mol | _
0.04093 i
Mass = 24.65
el 22.65 100% = 91.88°
Y% yield Actul yield ¢ 099 24. 65 * %0 = 91.88%

Theoretical yield



Q3. 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 \‘J‘“"fé"h"‘
= 5.8% 1073 ,
602.2 —— MalS QS ) b pald

3 Moles from Ba*? — 1 Mol Bas(PO,),

X =0.0174Mol
X Mole Bat? - 5.8+ 1073 ?

Mass

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




2 425
% Ba*? = ——=+100% = 42.25%

%P0, > =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 ?

dlelital) e gall
_I_ —5— .
0.6<1SoBisLR \

JelEl J 4 gllaall Y gall

1A+3B—->C+ D
\J&msdmm\mw

> 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 ?

dlelital) e gall
A—1—033 B—l—/lv
_5_ _ _I_
0.33<1S0AisLR \

el J 4 sllaal) &Y gall
3A+B—->C+ D

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




Qe6. If 3.28g unknown mixture containing Na,PO,. 12H,0 and

BaCl,. 2H,0 is dissolved in distilled water , Mass Ba;(PO,), PPT is 1.75g
. Calculate % of Na;PO,. 12H,0 in the mixture if BaCl, IsLR ?

175 —290%10"3 3 Moles from Ba*? — 1 Mol Ba;(PO,),
602.2 X Mole Ba*? — 2.90 % 10~3
Mass
X =8.71+x10"3Mol 71 %103 =
8.71x10 244.7

Mass of Ba*t* = 2.1289



Mass of PO, = 3.28 — 2.1289 = 1.15

1.15

0 -3 _
oPO, 3.28

+ 100% = 35.06%




Q7. A mixture containing equal Masses (X) of Na,P0,.12H,0 and
BaCl,.2H,0 is dissolved in water . A PPT of Ba,(PO,), was produced with
a mass 0.2X of the starting material then the % yield of Ba,(PO,), ?

PO, 3 = 3 Bat?= 3
~380.2 « 2 244.2 * 3
X X
-3 _ +2 __
PO =7c0a 'R B =6

daaad) Jaled) 2 uay) dagdl)



Moles of PO, 3 = 3807

2 Moles from PO, 3 - 1Mol Ba,(PO,),

2 Mole PO, 3 - Mol
380.2  Cr¢tYs " T MO
¥ X
Mole = 760.4
_ Mass =-209-4 _ g 791x
760.4 45% =7602.2
0.2X

0 — 0
0 791x " 100% = 25.3%



JQ8(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
N, Mol =—=0.17 H ()
2 Mol >3 0 , Mol > 2.5
017 _ . )
N, " J a2 Jus) H, 'T:O.833

N,:LR



1 Moles from N, - 2Mol NH,

0.178 Mole N, —» X X =0.356Mol

Mass
0.356 = 14 +3 %1 Mass = 6.052




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

* Add 2 drops of 0.5M BaCl to the solution, If a precipitate is formed then P04_3 is the excess and
Ba*? is the LR

If a precipitate is not formed the P04_3 is the LR and Ba™? is the excess .

QTest for excess Bat?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




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

e Add 2 drops of 0.5M BaCl to the solution, If a precipitate is formed then P04‘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:
e 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
Q9. What is the effect on the actual yield of the Ba;(PO,), :

» Using a coarse paper (Decrease)

* Insufficient 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 .

dQ11. Using distilled water ?

Ans. To provide the reactions of the unknowns .

dQ12. The RXN in the LR Exp isn’t endothermic ?

Ans. False
Q13. 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

dQ(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 yield

4- All of the above

Q(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 .




Q(Years). A unknown mixture containing Na;P0O,.12H,0 and
BaCl,.2H,0 was dissolved in distilled water , 1.75 g of Ba;(PO,), was

produced . If the % of Na;P0O,.12H,0 = 69.59% , BaCl, is the LR . Find
the mass of the original mixture ?

1.75

_ -3
022 2.90 % 10

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

Mass

X=8.71+x10"3Mol . —3 —
8.71x10 2442

Mass of Bat? = 2.1289



Mass of PO, 3 = X — 2.1289

Vo 3 _ X —21289 . ] X =7
%PO, ~—— *100% = 69.59% g

dQ(Years). At limiting reactant experiment , if Insufficient washing of the precipitate , the actual
yield is ?

Ans.

Q(Years). In the precipitation of Ba3(P04)2 , the factor that might lead to decrease the
percentage yield is ?

Ans.



Identification of a Com

Experiment (4)

pound: Physical Properties

d Physical properties ( 45k sl (ailadl)).

Properties Meaning
Color sl
Odor dai) )

Density 43ty

Solubility dil )
Melting point el dhaits
Boiling point Olalad) dads

Substance salal) Alla

(Solid,Liquid,Gas)

Properties Type
Color Qualitative(—laxa)
Odor Qualitative(wlix)
Boiling Point Quantitative(at_)
Density Quantitative(al )
Solubility Quantitative(at_)




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

Solution(Js~<\) = Solute + Solvent Solute : <) Solvent: —
Solvents(swiall) Symbol Polar / Non
polar
Water (H,0) Polar
Cyclohexane (CcHypo) Non-Polar
OlasSe)
Ethanol (C,H-OH) Polar

O  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 (Soluble) S BALYYEPE
Partial(Slightly) dissolving sls o Ol
(insoluble) i (Al apac ) iy e




_____ Soent | Solute | Result ____

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

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

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



O 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 .

LMC_L..AALAALGL_\J.\LJ\UMJJAMUSAA\ASAJJ.\LHJ\LMJL;UJSJ\GSJBJ\a_\\.c\sﬂuma\mudﬂ.muwm
Q) mha e a8 gl g sadl Taxaall gl o s

Q. What physical property measurable in this experiment distinguishes( s s (34) 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( <& sill) to escape and before the liquid re-enters the capillary tube .




Q. 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

d Q. Canyou predict when the VP=P_,_ theoretically ?
Ans. No



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

o Table (1) physical properties of some common laboratory chemicals
: Boiling Solubilt Symbols used: i = insoluble, sls = slightly soluble, s = soluble
Compound Denmt)’(g/ml) Point(C) H.0 CeHiz CszOﬂ_ . Boiling Solubility
Acetone 0.79 56 s s s Compound | Density(®/ml) | poinyc) | 10 | CeHln CzHSs,Oﬂ_
2-butanone 0.805 80 s § y Acetone 0.79 56 s s
Cyclohcxane 0.79 80.74 i = S 2-butanone 0.805 80 S s S
Cyclohexene 081 83 i 3 : Cyclohexane 0.79 80.74 1 = g
Ethanol 0.79 LEd sls = - Cyclohexene | 081 83 i s s
Ethylacctatc 0.90 77 s $ s Ethanol 0.79 79 sls S -
Heptane 0.684 98 : : - Ethylacctatc | __ 090 - ;; 5 : :
-h 0.66 68 1 - Heptane 0,684 i
Ill'h:ﬁﬁ: 0.67 63 i - 2 & | n-hexane 0.66 68 i s s
Isopropanol 0.79 83 L] g - 1-hexene 0.0/ 63 1 s §
Methanol 0.79 65 5 s 5 Isopropanol 0.79 83 s s Z
n-propanol | 0805 97 5 C s Methanol 0.79 65 s s
Water 1.00 100 " : i n-propanol 0.805 97 s s s
Water 1.00 100 - i s

0.65 o AESH 5 BY o Clulill da o U | SLlall da 3 s AHESH Ll s 535 S al) oland 43 Jgoall 134

oanind I ) gud) b oS3 Y J i)y el b s slall sl Y Jsenall Sl



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 2m|
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/m!) Ii?;ltl?g) H>0 CsHi2 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 T 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 S S
Water 1.00 100 - 1 S




Table (1) physical properties of some common labora

tory chemicals

Symbols used: i = insoluble, sls = slightly soluble, s = soluble
: Boilin Solubility

i sl i Point(g) H,0 Ciin | CoHsOH
Acetone 0.79 56 S S S
2-butanone 0.805 80 S S s
Cyclohexane 0.79 80.74 i - 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 . 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

175

D=—=
5 0.875

LS el elasd 4n Jganll 13a
Aa g ALK Lal 2 9
o Ohlall da o La | Lzl
0.684 _» 4l , 908

elall 3 s Y Jseaall Syl
J Y 5 OluSel s Py



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=9g , C=8.9 g The order of density
decreasing of these liquids is ?

e Ans. iyl o3l 5 AN o Le A8 HEES e L o S AL e
A>B>C

(INotes :
>|f X has Boiling Point > Boiling Point of water 100C (43l & plial ¥)

>If X has Boiling Point < Boiling Point of water 100C ( %l & gelal)



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

Boiling point = 81C"

Depending on the table below , Ais ?

57
D=——=0.785
2
A S pall Ul Cpy Apdldl) g ABUSH 5 Gl Ao I (g

Ans. Isopropanol

Experiment (5)

T;sts for Cations and Anions

Cations(+) : dus sall i Yl Anions(-) : 4l <l Y



d Cations:
Cations(+) : 4 sall i oY)

1- Ca*?(Calicium Test )

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

1 \ Calcium oxalate a sreallsl) LS|

Sodium oxalate

W RALS

a 534 guall s
(o) qaul 1) iy

2- Fe*3(Ferric Test)
Fet3 + KSCN~ - FeSCN*?

/ N\

asuligll G o8 Potassium thiocyanate

Red Solution Ul

ALY



3- NH," (Ammonium Test )

Ll gl
/
NH,” + NaOH —» NH, + NaNO, + H,0

NN

Basic Media ¢ by A8 Ua Jelidl) Litmus Paper : (waddl ) ga 48,

il Jla Ay @) Gl A saal¥) Golll e el )50 A8 5 J g Lia
O (i Bfiad (3 ) )] Lgd ]

NH., + H,0 = NH,OH



] Anions : Anions(-) : ALl CA\..'\)..;Y\
1. SO, “:Sulfate Test _ Acidic Media: g2 b

HCI
SO,”2 +BaCl, - BaSO,+ 2Cl~

/ N\

Barium chloride «adisll (s Gl ) gl
EETET

Ls s Gl (K1 oallall 0 o a1 (Y auiy) 3 ddiadla
&JQELM}@JAY‘jGMAALMJL;m\\T L:\}\\J\




2. HCO; :BicarbonateTest

HCO, + HCL - CO, + NaCl + H,0

S

Acidic Media: _ ) \,
(aax S g Air Bubbles 4.4 ciclsd

€O, + H,0 = H,CO,



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

NaCl+ HNO; + AgNO,; —» AgCl

/ 1 \ \ (oY) il 1) il

Sodium Chloride Acidic Media Silver Nitrate

fiuous igh

NaBr + HNO; + AgNO; —» AgBr

/

Sodium Bromide Pale Yellow PPT: <l jial 4561 il



Q. The Sulfate ion can be detected by ?

Ans. Adding BaCl, Solution in Acidic Media and White PPT will appear .
Q1(Years). The Cl™ can be detected by ?

Ans. Silver nitrate + Acid

Q2(Years). The iron(I11)ion can be detected by ?

Ans. Adding KSCN solution and a red color will appear .

AQ. The Fe*3 ion can be detected by ?

Ans. Adding KSCN solution and a red color will appear .

Q. An unknown Salt give a gas that (convert the litmus paper from red to blue) when detected with (Sodium
Hydroxide) And a (pale yellow PPT) when reacted with (silver nitrate in acidic Media) , The formula of the salt is ?

g._x_,.ecx,g\wszﬁés}uagdsdasw\auw\u@dmwcm\@n@)%uam;d;w}%gm‘\ms;?sﬁ
Qs Gl s @ 50 (sl s

Ans. NH, Br

Litmus Paper : owedll g2 48, / by jheal 43 61 il



1Q3(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 . Cl~ + Fe™s = FeC(l,
anyl wﬁ JE‘ Jslas +Ve: Positive Results

—Ve: Negative Results (& Alany ol



dQ4(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 ; (waddl jga 484 el 3 sall DA e

dQ5(Years). An unknown gave a positive test with sodium oxalate solution, the resulted aqueous layer
from the previous reaction was treated with hydrochloric acid solution and carbon dioxide evolved
immediately as a result of reaction , the unknown is ?

Ans. Calcium Hydrogen Carbonate



Experiment (6)

Molar Mass of a Volatile Liquid

\

Jaatial) Jalaad) § A gall ALigY)

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

Y gall 2ae 4l Lagd ()5S Jarall 53 ) adl udi die g anall udi Lagd (i ol IS 1)

> We will use Ideal Gas Law in our calculations

Mol Mass BT
n(Mol) = *
( ) Molar Mass Molar Mass %}

PV = nRI

Density



Symbol Meaning Unit Notes

V Volume of Vapor L 1L=1000ml

1L=1000cm?>
1L=1dm?

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(hwe)
< pllaall - ’
m*R*T\‘
Molar Mass = 94C° + 273C° = 367K"
D * P\
/ ! 675.05
85 ((shre) 184 760
Toog = 0-184
m *x 0.0821 x 367
85 = mass = 0.461

0.184 * 0.88



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 (hw)
40.2487 — 40.1305 = 0.1182 w__ /

M * R % Te——>b 96¢° +273C° = 369K"

Molar Mass =

/ v*P
gl \ 470.4

m = 138.241 — 40.1305 = 98.1105 0.1182 * 0.0821 * 369

981105 MM = ——— = 587




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 ? \

Cra s ) L puda g (A1) D) ghay)
Vy=V0 =—>» n,=no0

\

o sodke sl Ay ks JOA (e
Ny = T 20 =n0

Mass = M. M * n(Mol) Mass of O = 16 x 20 = 320



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°) Cr sl JUAS 1N 100 2 slall Glle da 3 e B lde dp o Ad o4l
Q. Why should the Erlenmeyer flask be dry ?

Ans . To avoid changing the mass of the substance

Q. 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 quantity 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 .

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

Ans. To have an accurate reading of the Mass .




Q. 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

* 4-If balance reads lower than the true value ?

Ans. No effect

dQ(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"

O Q1(Years). In the experiment to determine the molar mass of a volatile liquid if the mass of the flask is
measured after the liquid has been vaporized but before the outside of the flask is dried will the molar
mass of the unknown liquid be too high or too low ?

Ans. Too high because the water would be measured as part of the mass of the volatile liquid .



Q. if the volume of the flask is bigger than the recorded volume ?
Ans . Increase \ £ b dpunt o1 anall e dpuss ABble

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



dQ2(Years). In which of the following cases , the calculated molecular weight of a volatile liquid will
be more than the actual value ?

Ans.

L1 Q3(Years). A 1.535g mass of a volatile liquid is vaporized , giving 500mL of vapor when measured over water
(neglect water pressure) at 30c and 760tor , what is the molar mass of the substance (g/mol) ?

Ans.

1.535 % 0.0821 * 303

Molar M = = 76.37
olar Mass 05+ 1

Experiment | )

Determination of the Molar Volume of Hydrogen Gas

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

Molar Volume =V~

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

4 ne mole of an ideal Gas at STP will occupy a volume = 22.4L Verp™ = 22.4




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,,mlpp . = PTotal — PH,,

N Pou=m N

Gas ~ H?2 PGas =



8 Sinal) (judl

P;, ., = Patm ===  p. = PGas+ PH,,



P, .0 > Patm

A A o) Laa | s ls Sl bl
@'AJAJALASGJ&\‘JJ!JSM‘

Proi < Patm

@ Laa ALY ol e pS) (o sad) Tl
Taga sb LaS Jalal) ) Jiladl Jgda



Gases Law

-— , — , -
1-Boyle’s law 2-Charles’s law 3-Combined gas law
PV, =PRV. s
V= p, L PV, PV,
P = Pressure of the gas g VREIE RIS EEER T = T
V = Volume of the gas T, T are temperatures of gas 1 2
Temperature must be constant A
P
4 Q
E
=
S
: >
" o Temperature
paadls Bl g e 4B 5al A o L dde

i dga sk 43
3 adl 4a )a 28 A (A paadls

bl & gy



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 .

Find :
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 .

P1V1 PZVZ
1Zn(s) + 2HCl - ZnCl, + 1H, Ty T
y I P1=10.99 —0.0260
Mass of Zn = 0.1471g —> (o~ JaiiY 6. 09 o
Volume of H, = 56.09 ml > 1000 0.05609 1 = 10'00 = 0.05609
Ty = 22C —> T =22+273 =295K T1 =22+ 273 = 295K
757.8 760
Projq = 757.8 torr ——  p = =0.99 — 2777
Tota 760 P2 760 1 V27?77
19.8 — - °
P, = 19.8torr —> P =~ =0.0260 T2 =22 + 273 = 295K

V, = 0.054L



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

B Mass ~0.1471 5245 10-3mol  Molar Volume = V- — V,of Gas(L) _0.05609
~ Molar Mass __ 65.4 -7 mo - ~ moles of Gas(mol) 2.24 x 1073
Part 2
STP: Standard Temperture and Pressure

Vi BV, p1=1-0.0260 P,=1latm=760torr

Ty Tz

1—56'09—005609 V22?7

- 1000 I ] = s m
T1=22+273 =295K T,=0C =273K V, =0.054L
V,of Gas(L) 0.054
Molar Volume =V~ = 24.1

moles of Gas(mol) T 224+10°3



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

Ans. 224 L
dQ(Years). If two stoppered flask contains 2 liters of a gas at STP, so each gas sample has the same ?

Ans. Number of molecules

LQ(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



Experiment (8)

Colligative Properties: Molar Mass Determination

@ When a non-volatile solute( »Uaill 2l 1) js dissolved in certain amount of solvent , some of physical
properties(Quantitative) of solvent is changed such as :

O Freezing Point "FP ”( Jlex3¥) 4 1) : Decreasing or Depression( u=lés)

d Boiling Point ”BP”( ozl 4> ,3) : Increasing or Elevation ( gl )

@ Vapor Pressure ”"VP” (il hall) : Lowering( =)
. s€an

: Hkia s sey ¥
(Objective: | | ik
To determine the molar mass of a non-volatile, non-electrolyte by observing
difference between the freezing points of a solvent and a solution.



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

AT, =FP —FP FP: 3i3aa da ATf = FPD: &4 5 &8
/ LAJA Laild X
Solution
Solvent

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




T(C) ] Plot Temperature Vs Time

SJ‘JA.“ aA.JJQQ:J

/

FP

ATF=5—3

ATF

cldal) AL aie Laly «— ~ Solution 8

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



T(C) ] Plot Temperature Vs Time

SJ‘JA.“ aA.JJQQ:J

/

FP

ATF=5—3

ATF

cldal) AL aie Laly «— ~ Solution 8

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



ATF am : 4k 48
culd
\ /

molality ATF = kf *m

Moles Solute Mass solute

M = Vass Solvent M. M Solute * Mass Solvent(kg)

. mol
nNit= —
Unit Kg

ATF = K Mass solute
— %
ATF = kf * m —> / M.M Solute * Mass Solvent




Mass solute

ATF =k
I M.M Solute * Mass Solvent

OS5l & s ga Lgtea

M M Solute — k Mass solute . g
: = * — J_
'R / ATF x Mass Solvent Unit mol




(®) (®)

K:: FPD constant for solvent Unit = &£ — £ *kg
m mol
SSita fda
/
1 If we have an electrolyte solute we will have
vant hoff factor (i)
/ ATF =ixkf *xm

SSiia Jalaa
dud sl ABdal) b (LAY ) 5 LalS Jaleall 31 3 Lals



Q1. 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

ATF a o Ipent STl S LalS ALl et Lals

Ans. Student 1

Q2. why should we keep Moving the solution when it freezes ?

Ans. To avoid super cooling .



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 ¢ kg
mol
Non-Electrolyte=i =1 X:Solvent
M.M Solute = k s el M.M Solute = 20 IR 164.92 -2
: olute = * : olute = * — 92 —
/ ATF * Mass Solvent 3.62 %20 %1073 mol

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

AT, =FP—FP —. &

Solvent Solution

Mass solute
ATF *= Mass Solvent

M.M Solute = kf =

w o~
<uld

Ans. MM Too low g



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

ATf = FP — FP—
 / \

<ald Solvent Solution

MM Solut " Mass solute
. — k
orute / ATF = Mass Solvent

/ /

&) <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 Al gal) ALY Has ¥ M gl 0 9%y il | Slgad) Gudl A JIAY) U
adqQ. If thermometer reads 0.2C lower than the true value ?

Ans. No effect

A gal) ALY i W UM gl 098 il | lgad) Gudl A JIAY) Ua

Q. How will the FP change in these cases ? dQ. If some solute Adhesion(<il) to the
test tubes wall, is the FP change greater or

less than it should be ?

1- A non-volatile solute that dissociates ?

* Ans. Increase Ans. il ey ol
2- Tow solutes that react according to the equation ?
A+B-C ATF = kf Mass solute
= k
* Ans. decrease M.M Solute * Mass Solvent
3- If equationiis ? \

C >A+B ald

* Ans. Increase



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

M.M Solute = k
otute f*ATF* Mass Solvent(kg)

3.33 g

M.M Solute = 1.86 = 160 ——
orute "10—-—0.773) = 0.05 mol




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

Ans. True
Mass solute
ATF x Mass Solvent(kg)

M.M Solute = kf *
S G A Jglaa (o8 al UM (4l 9 Guaay ol

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

Ans. False

ATF =i kf xm

\

QA Al A o,
s Sl B Ladls oY i o

i for NaCl =2 =¥



Kg: BPE constant for solvent

) S Lgud (o 93 (3 Waa LB LaS g L) A o o Allailal) Jpacaldl)

AT, = BP — BP

/

Solvent
NaCl 2
MgCl, 3
AICI, 4
LS ya 1

‘\:\}'49

\ ATB = kB *m
Solution

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

Q(Years). Ideally, a colligative property depends on ?

Ans. The number of particles



Q1(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_ol
3.125 _
M.M Solute = 1.86 * = =100
(0——-0.773) = 1000

Q2(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
ATF x Mass Solvent(kg)

M.M Solute = kf =

4.25

M.M Solute = 1.86 x =0

(0.10 — —2.30) * 7555

= 65.875



dQ3(Years). The freezing point depression for a solution of benzoic acid (122 %) is benzene (78 g) is

1.28C" (Kf for benzoic is 5.12 % ) , Calculate the mass of benzoic acid in the solution ?

ATF 1.28
ATF =ixkf *m = = —=
f m . m — 0.25m
Moles = 0.25 * 0.078 = 0.0195mol Mass = 0.0195 x 122 =2.38 g

Q4(Years). If the freezing point of the solution had been incorrectly read as 0.3C lower than its
true freezing point and the freezing point of the pure solvent was correctly read , the effect on

the calculated molar mass of the unknown ?

Ans. Too low because AT is inversely proportional to the molar mass .

dQ5(Years). Which of the following cases will cause an increase in the freezing point depression of
the solvent ?

Ans. Dissociation of the solute



Experiment (9)

Calorimetry

(JPurpose : To measure Heat of RXN .

¢ Calorimetry(4_=~) : It's the Measurement of heat change .
¢ Calorimeter(~«4l) : It’s a device that used to measure the heat of the RXN .

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

> 1- Heat of solution( Jsia«ll 3,0 ) : 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 .

NaOHi) —=—5H,0  Na'(sq)+ OHsq + Heat AH,
the heat of solution in k] is AH; |

A8al) Wl iy 5 i gal (g0 0 5S Jisbaa W o0 o elall (8 s oo saal) 2S5y Lanie



> 2- Heat of Neutralization(Jdll Jelds 3 1 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) 4 H+(aq) + Cl(aq) = H0+ Na+(aq) L Cl.(aq) + Heat AH,

Where the combined heat of solution and heat of neutralization in kI 15 AHy
il s Jslae W iy ole W) ity o 51K 5 cimssiel) (om0 Jslane o osad sl 2005 20 Jolis Lin

AH
AHrxn AHsolution

v '

Can not be determined experimentally

neutralization

Can be determined experimentally

1Y ; S Can be determined from the difference between the combined heat of
solution and neutralization (AHrxn) and heat of solution

AH = AHrxn — AHsolution

neutralization™



AHrxn= AH + AHsolution

neutralization

AHrxn > AH

neutralization

AHrxn > AHsolution

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

(Solvent + Solute ) Jeadl Lgtan g9 dudlur gl dua g B LAY (585 28

O  Specific Heat : Amount of Heat required to raise the Temperature of 1 g of sample by 1 C” and the unit

_ J
g*C’

AT = Tf — Ti

unit : C’



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

( }SJ\J;H JJLE) AT('I')
Endothermic Tf <Ti Decreasing Into the system Pos(+)
(3l J uala) AT(-)

AT = Tf — Ti



 The heat of the solution should be calculated while the calorimeter is
closed tightly( ~\Ss) « (3lx4) |

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

> Hygroscopic: ¢» 4sgew slall Giad a9 Al i) 33l
pabaial) P& (e Lghadie

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




AH: 35 S J sl Lhas

AH ;
Heat per mole — moles of A pda 5 5 Al Clas g J alhay
AH
Heat per gram — mass of 4
ok AH _
e Heat in —— — * 1073

mol moles of A

kj AH
g massof A

* 1073

4

* Heat in



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 % and find the
J

Heat of the neutralization if you know the specific heat of the solution to be 4.184 oC and the

density of the solutionto be 1 % ?

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

Mass(Solvent + Solute )

4.184
23.4—-22.3=1.1

B Mass
B /4

1 = Izgf)s m—> Mass of Solution = 200 + 2 = 202g




AH = =202 % 1.1 x 4.186 = —929.7]

AH
moles of soluteC.OH

Heat per mole —

—929.7] 1073 o) kj
* — —69. —
0.0133 mol
AH . iratization= AHTXN — AHsolution
gz ) Ga e
AI-Ineutralization= —127.1 - (_69 1)

Moles =

Mass _ 2

MM  149.9

= 0.0133



Q. A 2 g sample of solid C.OH is reacted with 200mL of aqueous solution of HCl in a calorimeter, the

: . o o ..k
Temperature of the solution was increased from 22.3C to 24.3 C , calculate the Heat of reaction in m—il and

if you know the specific heat of the solution to be 4.184 ﬁ and the density of the solution to be 1 % ?

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

e | 1

Mass(Solvent + Solute )

24.3 —22.3 =2 4.184
_ Mass
I
1= Mass ey Mass of Solution = 200 + 2 = 202g

200



AH = —202 * 2 * 4.186 = —1691.44]

AH
moles of soluteC.OH

Heat per mole —

Moles = 2255 _ _ 2 _ .0133
%S ="MM “ 1499 "
_1691.44] kJ

1073 = —-127.17
0.0133 mol




dQ(Years). Calculate the amount heat liberated by dissolving 0.030mol of AICl; (M.M=133.33 %)
in 100g water ? If you know that the heat of solution is -214 LY

mol

AH
moles of solute

Heat per mole =

K]

mol

—214 * 0.030 mol = —6.41K]

LQ(Years). Which of the following statements is incorrect ?

1- Heat of neutralization is the heat flow when acids are neutralized with bases .
2-The enthalpy a thermodynamic parameter represent the heat
3- The standard unit for heat of neutralization is KJ/mol

4- Heat of solution is always positive

5- Heat of solvation is the heat flow when a solid is dissolved in a solvent .




Experiment (10)
Electcchemistry

028 5 Ll ye jai iy YU e 3 ole HLall y <l g Asl) JUE) Cigaa (e Y LS algy (S (Al S LS gy SleS Jeld
JI A Jelit g ausli Jolil aa g cpuniy Cplel (e Al il 5 ity

 Oxidation(c2S)) : Loss of e’s .
« Reduction( J!Aa)) : Gain of e’s .
Sl g A<l

0585 g i g ) S Bl g il g S s Bale | sl J AL Led Bala g aal) AN L Bale dplal) L opiole 3 g cany I
LY Gk e dlaall oda




i JI A Lt uaat Sl Balall g J Fdad) daladl @ e s Lt oy ) 3kl
Ll gal) Jalaall

Oxidizing Agent(+«S3all Jaladl): substance that is Reduced.

Reducing Agent( Jiaell Jalal) : substance that is Oxidized.

dOxidation — Reduction RXN : Any chemical rxn involves the transfer of e’s( <t g_3l)) from one substance to
another is an oxidation- reduction RXN .

J Y5 2l cdlelin o (s Al sale (e il g yiIY) JUa) g oty ) ke L)
(JThe Oxidation-Reduction RXN cause the transfer of e’s which can be detected by Voltmeter.
(S 3ea g o AV i il sall &l ja)
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Sl 3825 sall Glaedalll (3l e s g el g i) J) dlee UL (28815 NI FRY) 5 auSED AL 3 5

Cu?* 4+ 2e~ — Cu‘

Zn — Zn2* + 2e”

gl Cuad sl dulee g il g KTV @l At (oo oS (ot ST A6 o) €S (g 11 B3l A e A jae Wide Cany
(5 Al
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Znt2 + 2e - Zn o= —0.76V

Cut? +2e - Cu E°= +0.34V

\

J Apudlly dilila LgS) L) g lal) Craua o, Apmill) g plal) o Ju
agd J1RAY) Adalae A0S a9 iua (g gbuw (gl J Al gdl) g (a5 pugd

2H" + 2e - H, E°= 0



DAy ks G e ST e Jisad) Al 8 Ly
Int24+2¢ »7Zn E°= —0.76V

Cut?42e - Cu E°=  +0.34V
J A e 5l e i) @il JB JSadl g J1 iy J A Y salall (e elllin g co¥aleall sda clidas, J4Y1 JS&Y)

5N J yealial
Int24+2¢e »7Zn E°= —0.76V
Cut?+2e »Cu E°= +40.34V
\ JIEAY) O Ald A (& i sl L any il dad J8Y) 5 JI AR L Ghangy ) o A sall e Y1 Al
(reduction) .y {0 - —— 1

Salt bridge

Cu®*(aq) +2¢ - Cuy E°=(034V

(oxidation) g s S8 Cililaal) aan

Zng — Zn* ep+2e  E°=0.76V
Zng) + Cu™ (IM) - Zn* (IM) + Cug, E°=1.10V



dpasl) o aaiad ¥ LY dgall o pmi Vg | s i lide 4y gluda je Ol yiSIY) cailS Jls
Cu**(aq) +2¢ = Cus  E°=034V
Zrgs) —> Zn** (ag) +2€ E°=0.76 V

CcCathode(t¢d) : Electrode at which reduction occurs (+ve electrode)
JAnode(<4ll): Electrode at which oxidation occurs (-ve electrode)
and the e’s from anode to cathode . | s

Gl g A<l)

Jelis
~RPPR.|

N

Zn — Zn* + 2¢” Cu?* +2¢~ — Cu




- G palial) e Eaaall G g (NI g

Zngs) = Zn®" aq) +2€
~

A hadi S il (i a0

asalal) 3yl a9 CAE paiall (e s ol e bl L3

(salt bridge : U tube that is filled with saturated electrolyte solution( &« s Jsias) 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 50¥) U] (yomy g

Q1(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 .
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Zn/Zn*4(1.00M)//Cu*4(1.00M)/Cu

calbad) Cadadl 1 1 1 > gall aladl)
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* A Spontaneous reaction is a reaction that favors the formation of products at the conditions
under which the reaction is occurring.

Ecell >0

el L Gaany ) Gyl 8 cilaiial) o oS5 Jmly Jelis g k) Jeladl

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

Caglall (e Aisma de sana 8 cilaiall JSE5 day Y Jelii o S e Jelid)
Ecell <0

Aol l) il gl 8 cililaall (g ai of Lol Jla

. 0.0592 o

N\
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O Q: The product of Molar concentration of products divided by the product of molar
concentrations of reactions

Molar concentration of products

Molar concentrations of reactions

Lbal) 3 gall Jlaaly asai gl jladl ) pallaall & Jarazall ol L 58 il 2l o 6 o Led Al (g il ) sl

Aq (Jsia=)
(5 JS e st ALY b Jadal) 3al o Sl 2al i Yl e 8
. 2.303RT :
Ecell =F — F LTlQ A PS"J‘ <l G
n Symbol Value Unit
R 8.314 Jol
mol * 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”] = 025M
and [Cu**] = 0.15 M?

ZInt? +2e - Zn E2= —-0.76V

Cut? +2e - Cu E°= +0.34v

E,=+1.10V dld e (gl of e Al Sl cadlal

Crradtll aan a3 (ha g dan g0 praal ST AL B LAY Aad (pSal agall ol JBA (e

Molar concentration of products

Molar concentrations of reactions

. [an']

Zn(s) + Cu(aq)*? - Zn(aq)*? + Cu(s) o= [Cu* |
. . 0.25M 0.0592
Al 3 gall Juaa) “oient Een =1.10-— Log1.66 = 1.09

=1.66



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?

ZInt? 4+ 2e - Zn Eo= —0.76V

2H* +2¢ - H, B°= D
Zn(s)+2H"(aq) = Zn*' (aq)+H,(g)

Zn* |R,,
L)
~0.45x2

(18 e Jalaal
O =0.28 Ecell

o

= 0.76 —

0.0592

2

E . =+0.76V

Log0.28 = 0.78




19.17 Which species in each pair 1s a better oxidizing agent
("ARIS under standard-state conditions? (a) Br, or Au’’,

(c) Cd*" or Cr'”
Oxidizing Agent(«s3all Jalall): Substance that is Reduced.

Br,(/)+2¢ —2Br (ag) E°=+1.07V
AU (ag)+3e > Au(s)  E°=+1.50 V m—) ) gl

Cd*(ag)+2e > Cd(s)  E° =040V ey ) gall
Cr'' (aq)+3e — Cr(s) E°=-0.74V



19.18 Which species in each pair s a better reducing agent

under standard-state conditions?
(a) Na or Li,
Reducing Agent( Jiaall Jalall) : substance that is Oxidized.

Na‘(aq) + e — Na(s) E°=-271V
Li'(aq) +e - Ll(") E" =-=3.05 VN %‘ i=. S‘

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

Fe''(ag) + le - Fe*'(agq) E°=+0.77V
,(s)+2e — 21 (aq) E°=+0.53V

=+0.24 V Hence, Fe* canoxidize |-to [,under standard-state conditions



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

j'-,\SbﬂL) 3\.6335.4 d,gl\;d\ ) dalall g.nﬁ.b.}@_d\j Az aqll

AS) B ) ) S e 5SS i I AS g




19.34 Calculate the emf of the following concentration cell:

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

-

E_, =000V

S —

dQ2(Years) . In the concentration cell which of the
following statements is not correct ?

Ans. The standard potential is one .
Q3.(Years). Which element can reduce X (+0.16V) ?

0.0592  [[A,1]™" Ans.
E, =E —— » Log i n— Q4(Years). Which of the following statements is correct ?
[[ACO"C]] Ans. Electrons flow from anode to cathode .
,_Mg” ],
[ g’ ] ’ Q5(Years). Calculate the E_,, for the following cell line ?
0.24 Haog (0.1 atm) | H' (0.02M) | | ‘(025 M
T 0.53M - 'brcu},;,(” 0.34 V s ) 1€
= 045 +2 +
Hy(g) + Cu(aq)™ — 2H (aq)™ + Cu(s)
.. 00592V 0.0592 0.0592
Bl ——— log O Een=E — - LogQ 0.34 — Log0.016 = 0.39
:O.OOV—OO L. IOL(O 45) (002)2
. = = 0.016
=+0.010V (0.25) = (0.1)




Q6(Years). Among the following , the weakest oxidizing agent is ?
1-Cu+2(+0.34v)

2- Pb(0.13v)

3-Al(+1.66v)

4-Pb+2(-0.13v)

dQ7(Years). A voltaic cell is represented as Zn(s)/Zn*?(1.00M)//Cu*?(1.00M)/Cu(s)
Which of the following statements is true ?

1- The mass of the zinc electrode increases during discharge
2- The copper electrode is the anod
3- Electrons flow through the external circuit from the copper to the zinc electrode

4- Reduction occurs at the copper electrode during discharge




