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Read the following safety rules before going into the laboratory and abide by them.

Wear safety glasses at all times. Prescription glasses are adequate but contact lenses
are not adequate.

Alwayswearyourlaboratory coat. Do not wear clothing that hinders free movement of your
hands or hangs loose outside your laboratory coat.

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

Never eat, drink, or smoke in the laboratory. Never taste chemicals. Wash your hands well

_before leaving the laboratory. Alsegwashsyoumhandssomanyspartiofiyounbodysimmediately
with water when it comes in contact with chemicals.

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

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.

Use the fume hood when handling strong-smelling or irritating chemicals.
Be careful about discarding away wastes.Always follow instructions.

Domotrdisposerof solidsvintorthessink. Do not leave glassware or any other solid materials,
including filter papers, in the sink. Put broken glassware into the labeled buckets.

Some waste liquids must be stored into special bottles, notidisposediof inthessink. A staff
member or technician will help you.

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.

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.



Safety roles

1) not allowed in lab : eating, drinking, open sandals & short skirts
2) Don't:

- dispose solids into sink

- point the test tube toward you during heating or toward any
person

- use your mouth to fill or taste chemicals

- use the chemicals on the side shelves, unless the lecture told you
- return any excess chemicals to the reagent bottles or bottles of
solid materials

3) wear safety glass of lab coat

4) use fume hood for runs with toxic gases

Accuracy of tools

Pipette > burette > vol. flask > grad. cylinder > beaker > erl. flask
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Experiment (2)

Empirical Formula of a Compound

PreLab

1. How many grams of magnesium combine with 1.50 g of chloride ions in MgCl,?

2. If11.80 gofiron reacts with 5.06 g of oxygen. Determine the empirical formula of the resulting

oxide?




Experiment (2)

Empirical Formula of a Compound

Objective:

¢ To determine the Chemical formula of magnesium oxide.

Introduction:

i — — — i N I om0 it
scompound. The following are examples of empirical formulas: Fe;O3, ZnO, MgzN,, CH3z, CHa,
CH, CO., MgS ‘and MnO2The emplrlcal formula of a compound is usually determined either by

chemical analzs1s gdecomgosmons! or by sxnthes1 In the chemical analysis method, a known

mass of th mpound is decomposed (or burned) and the masses of the products are determined.

h‘hese masses are converted to number of moles of the elements present in the compound' From

the number of moles, the relative number of atoms of each element is determined, and this will

give the empirical formula.
Purpese o%@’i\p - Oclumine 4ne fic of <.y
Example 1:
Nicotine is a compound containing C, H, and N. A 2.50 g sample of the compound is

burned and produces 6.78 g of CO2, 1.94 g of H20, and 0.43 g of N>. what is the empirical formula

of nicotine?

First we calculate the number of moles of each element present.

mole C = mole CO, = .— 2758 — (154 mole
44.0g / mol
mole H=2 x mole H O =2 x & =0.216 mole
18.0g / mol
mole N=2 xmole N, =2 x & = 0.031 mole
28.0g/mol

ratio of moles = ratio of atoms

The empirical formula is Co.154 : Ho216 : No.o31



Dividing by 0.031, (the smallest number) this will give the smallest whole-number ratio:
CsH7N = the empirical formula

In the chemical synthesis method, a known mass of a metal is combined with a non metal.
The product is weighed and the mass of nonmetal is determined. From the mass of the metal and

nonmetal, the number of moles is calculated and then the empirical formula is determined.

Example 2:
When 0.288 g of P is burned, 0.660 g of white phosphorus oxide is obtained, determine the
empirical formula of this oxide?

mass of oxygen = 0.660 —0.188 =0.372 g

mole P :_% = (0.0093 mole
31.0g/mol
mole O = M =0.0233 mole
16.0g / mol

mole P: mole O =0.0093: 0.0233=2:5
Empirical formula is P2Os

In today’s experiment you will prepare magnesium oxide by burning a known mass of
magnesium in air (Oz). From the mass of product, and magnesium, the empirical formula of

magnesium oxide is determined.

Apparatus and Chemicals:
Balance, Bunsen burner, Crucible and cover,Clay triangle, Crucible tongs, Iron ring,

clamps, stand, Mg ribbon and Steel wool.



Experimental Procedure:

Record all observations and data directly on report sheet IN INK.

1. Place a clean, dry, partially covered crucible on the clay triangle. Heat with hot flame for two
or three minutes. This step removes any moisture from the crucible. See fig (1) for correct
assembly.

2. Turn off the flame and allow the crucible and cover to cool on the clay triangle.

3. WHEN THE CRUCIBLE STOPS FEELING WARM TO YOUR HAND, bring the crucible
and cover to a balance and weigh them to two decimal places(+ 0.01 g ). If the crucible is too
hot you will not get an accurate weight.

4. Polish about 2 cm of Mg ribbon and cut it into small pieces. Use steel wool for polishing. Place

about 0.25 g of the element in the crucible and weigh the crucible + Mg accurately to (+ 0.01 g)

5. Replace cover and heat the crucible and contents slowly at the beginning. Lift the cover
occasionally to introduce oxygen to react with Mg. Do not lift the cover widely, because too
much air will burn the Mg brightly (with flame). If this happens cover the crucible immediately.

6. Continue heating until all Mg is converted to ash, then remove the cover and heat the crucible
until the crucible bottom becomes red.

7. Remove the burner and Cool the crucible, add a few drops of distilled water to decompose any
magnesium nitride, MgzN2, that may have formed during combustion.

8. Heat the open crucible slowly until the ash is completely dry.

9. Allow the crucible to cool for 2 minutes on the clay triangle. Then place the covered crucible
in the desiccators and cool to room temperature, about 15 to 20 minutes. DO NOT PLACE
THE HOT CRUCIBLE ON THE LAB BENCH AS IT WILL BURN THE BENCH.

10.When the crucible cools to room temperature (that is, not warm to the touch), transfer it with
the cover to the balance and weigh them to two decimal places.
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Fig. (1): Setup for magnesium oxide determination.
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If 11.8g of Fe reacts with 5.06g of 02 ! Determine the empirical formula of the resolution

ide? :
oxide : v Eaol Jhe mols o afons . Ye : o,
Mass o Y—_@ -_—_\\-83 nfc = 508 - o .24 ©.318 : o.21f
16
MassS O’( Gy = 8'063 No, = \\.8 (\.5 . \\*2
— = 020\
$5.8% B 3 &
¥t3 02

Nicotine is a compound (cpd) containing C,H&N ... 2.5g sample of the cpd is burned &
produces 6.78g of CO2, 1.94g of H20, 0.43g of N2 . What the E.F of nicotine ?

- M ‘N [Con tho,a] e @ vl sl (
Ceog ' Hho  Na
: = LW :
C-N = _6’—{'8 k]_‘: o-18Y | H—)n =_—%2 U—=n = o413
o V5 sas | et 8 i I =07 .7 = 0.03] :
b L T a2 e ] i 20
:/(E‘al<3":4\—fo 1= : =a.2|4 i el g e
0[5‘1 il 02\6 _.; 7 0.0 :2 (\015 \}3‘\ e (c\_‘.._;J (3
0.903 | 503\ = o3

When0.288g of P is burned, 0.66g of white phosphorescent oxide is obtained , determine the
E.F of the oxide ?

—y P .
1masso—?,‘p =0.289 | f'\“lSP‘”—:o-oo‘U l . O
] | A S mas :
! _% S 0289 . 0.3%2
9 mass of oide - o465 | \ ., As1
1 Mol o =1 = 0.0233
' e Aols  mals  0.0093 1 5.0233
N o‘g O = 2_ _ -L :
= 0372 | (1 :  2:5)+)
D;z Og 2 3

2.00g sample of bromide oxide is converted to 2.9369g of AgBr, calculate the E.F of the oxide?

d—mass O{ Br:QOj: 23 mO\fb O/)K = qué - Oo|56m\ Gr A

g O o

Mass _ 0. i mass .95 ; o.%s
200ss 51 AaB = 2.934 4 EJ(\:ﬂbEﬁﬁj{Nj GI"“-”‘EM\S
“ags ot 0 = 2 _ 4 | X G or! 00156 : 0.048 8
el MBS e, 0 \54 e | { 3 B
= o.—-]-ES ! 3~ —> AgB(‘: 5.0 *_z
:o.olsgmalsof BFOB

Mass ot B = mols o ﬂper

=0,0\S§ % 3o = \,153
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Experiment (2)

Empirical Formula of a Compound

Report Sheet
Data:
RV Trial I Trial 11
1.  Mass of empty crucible
2.  Mass of M ;
£ J(@ Oliat e A1
3. Mass of Crucible and oxide
4.  Mass of magnesium oxide
5. Mass of oxygen
6. Moles of Mg (FM of Mg = 24.3 g /mole)
7. Moles of oxygen (FM of O = 16.0 g/ mole)
8. Mole Mg: Mole O
9.  Empirical formula of magnesium oxide
10. % of O in the compound
11. % of Mg in the compound
G S Ot ue
Show your calculation for steps of 6-11 :-
J{JE*,—@UJPM(H e dgosld (Lo
s NG 3a
d‘Jl.gj B
GJrde Jsandl (1
Cro5 4
qub -
3901
May, i (\2
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Experiment (2)

Empirical Formula of a Compound sm o el o8z Ay <3

. B Pl ah | N2 eV E L 72 Ay =
= e A SR ostLab ‘ - 3
2T SERVRUI VN R EV A R SR PN =S 0p 2= W \l| Ay T

°© L 0 (L)
1. What is the effect of MigsNanifsitsissnotsdecomposed on the reported (Mg to oxygen) mole
ratio? L> If the water is not added to the compound
A3 ralivt | © - ratie
o A3

2. Describe the effect of each of the following factors, whether increases, decreases, or has no
effect on the reported value ofi@VIgie"@) mole ratios:
a.. If carbon is deposited on the crucible’s surface (because of improper heating) and the
crucible with contents is weighed without removing the carbon residue by further
heating. mosy o, c—t—:f 9(\’-‘_,39' ( _)L—>:4) Qéi‘ oo\ C"&m k:):§:’ e
A4 - codro A 1o . red-c
(o A K
b. If the magnesium oxide ash is not dried completely.

/QMJLD Y o - die

A2 R 5 ¢ el

c. Ifrapid oxidation of magnesium occurs by too much air, and some Mg is lost. \al Mogg O
Jé - fJu 0o // Q ~L ol a
o ! oy

G delok

d. Ifaairis not sufficient to react with all the magnesium.
S\ Mo o

4/{5 —-faSLO ,// (6] —_nJ-n

< 7
o Y
3. Explain how magnesium nitride is formed during heating? Write a chemical equation for its

formation. f(\

L/{j N> —AJ‘LJ‘\ 2 Ny What is the formation of Mg3N2 ?

4. Explain, by a chemical equation, the effect of the added water in the decomposition of

magnesium nitride.

— /\163 Ny o tho — ﬂg(OH]z —~ N H2

Wi (DH\\—«Q Aa oo Muon 2
J ~ Jd 7 TN
What the rxn heating Mg.Hydr ?

1) How can avoiding the side rxn ?
2) What the rxn between Mg, N & water ?



1) Why heating before starting?
To remove moisture

2) why don't weight the crucible when it's hot ?
It give wrong accurate

3) why don’t cover the crucible widely ?
It burns Mg brightly

4) why adding a few water drops ?
To decompose Mg3N2

*Nonvolatide & unreactive impurities in the crucible during
oxidation?
Decrease auSUJl Ui oplaio jué 950 099

* Nonvolatile & unreactive impurities in the crucible form the
begins ?
No effect duuSTI Jub opulhio jut olgo 999

1) when a metal (M) with atomic mass 56g/mol was oxidized to a metal oxide that
contains 36.4% by mass O, the E.F of the metal oxide is :

A - O

MmadS  63.6 - 26.4

Ko (4y=56
Hr(o) =16
OXide Contain 36.Yv. (o)
OKide Confoin 63.671 GL)

* Ay = ol * 1 - 9 L/(OZ

mo\s  1.435 2035

L)

2) In the E.F exp. which statement below is incorrect:

— (Mg to O) mole ratio will not affect, if the balance is always read 0.05g higher the actual value

— the side product that formed is Mg3N2

— if the Mag.Oxide isn't dried completely the reported value of (Mg to O)mole ratio will decrease

— (Mg to O) mole ratio will increase if air isn't sufficient to react with all the Mg

— (Mg to O) mole ratio will decrease if a rapid oxidation is occur & some of Ma is lost 5

3) cpd of iridium (Ir) & (O) was produced in Lab by heating (Ir) in a crucible, the data was collected:
- mass of crucible 38.269g

- mass of crucible &Ir 39.63g

- mass of crucible & Ir oxide 39.74¢g

What's the E.F of the cpd?

—1r02 —IrO. — 1r203. —Ir304
mass of T, :\,Bq’j TF 2 &
Mags of O - o.\\j Mag 1.3F . o-\

‘-f\olc O,abj\ N D,Bblg

rD\AHD ‘ i l Tro




Experiment (3)

Limiting Reactant

Objectives:
¢ To determine the limiting reactant in a salt mixture.

¢ To determine the percent composition of a salt mixture.

Introduction:

In a chemical reaction, the reacting materials are often mixed in stoichiometric quantities
(according to fixed mole ratios), i.e., in exactly the correct amounts so that all reactants are used
up during the reaction.

When reactants are not mixed in the correct mole ratio, only limited amount of product is formed,
and this amount is determined by the reactant present in less amount and thus is consumed first in
a reaction. This reactant is called the limiting reactant.

Limitingreactant: 1t is the reactant that is consumed first, and thus determines the amount of
product formed.

Thestheoreticalwyield of a product is the maximum amount that can be produced with a given

amount of the limiting reactant.¥Fhe"actwal yield is often less than the theoretical yield. The %

yield is represented as: The amount of the product that is product (actually, experimentaly ,
practically) '_:-JIG’

o yield x 100%
Theoretical yield

N S W

Let us discuss the concept of limiting reactant by examining the reaction between
Na3zP04.12H>0 and BaCl,.2H»O.
This is a precipitation reaction which produces Ba3(PO4)2(s). The equation in molecular form is:

2Na3P04.12H>0 + 3BaCl,.2H20 — Bas3(POs)xs) + 6NaCl + 30H,0

and the ionic equation is:

6Na’ + 2POs* + 24H,0 + 3Ba*" + 6Cl' + 6H,0 — Bas(POs4) o) + 6Na* + 6CI + 30H,0

The net ionic equation of the reaction is: The Act. Yield = mass of product
3Ba*" +2P04s" — Ba3(POs)s) The Theo. Yield = mass of
products that are calculated from
In this reaction: guestions
3 moles of Ba?" ions react with 2 moles of PO4>~ ions, or _ )
3 moles of BaCl2.2H»O react with 2 moles of Na3PO4.12H,0O Act. Yield < Theo. Yield
'y

The supernatant : the clear solution over ppt
This rxns is endothermic
ppt contains : excess+product ( Act. Yield)



Example 1:

A mixture containing 40.00 g of Na3PO4.12H>0 and 30.00 g of BaCl,.2H>O is dissolved in water.
A precipitate of Baz(PO4)2 weighing 22.65 g is produced. Calculate the % yield of Ba3(PO4)2s) .
(FM) of NazPO4.12H>0 = 380.2 g/mole; (FM) of BaCl,.12H>O = 244.2 g/mole.

The net ionic equation is:

3Ba** + 2P0+ —  Bais(POu)2s)
mole PO4* = mole Na3PO4.12H,0 = 40.00g /380.2 g mole™! = 0.105 mole
mole Ba?" = mole BaCl,.2H>O = 30.00 g / 244.2 g mole™' = 0.123 mole
0.105 mole PO4* requires 0.105 x 3/2 = 0.185 mole Ba?*. Since we have only 0.123 mole of Ba>",
so the limiting reactant is Ba>", and the reactant in excess is PO4>".

The theoretical yield of product is calculated from the limiting reactant as follows:
mole Ba3(PO4), = moles Ba>* x 1 mole Ba3(PO),
3 mole Ba?*

=0.123 x l
3

=0.041 mole
mass of Ba3(POs). =0.041 mole x 602.2 g mole™! = 24.69 g (this is the theoretical yield)

% yield Z.%XIOO=91.7%
24.69¢g

Example 2:

10.0 g of a unknown mixture containing Na;PO4.12H>0 and BaCl2.2H;O is dissolved in distilled
water. The mass of Ba3(PO4), precipitated is 3.50 g. Calculate the % of each salt present in the
mixture if BaCl, is the limiting reactant?

3Ba’* + 2P0+ —  Ba3(POus)ys)

3.50g

— =% = 581X10°mole
602.2g / mol

mole Ba3(PO3), =

mole Ba?>* = mole BaCl,.2H,0 =3 x (mole Ba3(POa)2)

mole BaCl>.2H,0 =5.81 X 10 x 3 =1.74 x 10> mole

mass of BaCl2.2H,0 = 1.74 x 102 mole X 244.2 gmole' =4.25¢g
mass of Na3PO4.12H,0 = 10.0-4.25=5.75 ¢

4.2
% BaCl2.2H20 = ﬁ x 100 =42.5%



% Na3PO4.12H20 = % x 100 = 57.5%

In the following experiment you will receive an unknown mixture of BaCl>.2H>O and

Na3P04.12H20. The mixture is weighed and then dissolved in water, the precipitate formed is
dried and weighed. From the weights of mixture and precipitate, the composition of the unknown
mixture is determined.

Apparatus and Chemicals:

Balance 400- mL beaker

Bunsen Burner 100-mL beakers

Iron ring Filter flask

Ring stand and clamps ~ Buchner funnel

Wire gauze Filter paper (Whatman No. 42)

Watch glass BaCl,

Stirring rod Na3zPOg4

Rubber policeman Unknown mixture of (BaCl,.2H>0) and (NazPO4.12H>0)

Experimental Procedure:

Two trials are required. Weigh duplicate unknown salt mixtures and perform the following steps
for each.

(1) Precipitation of Ba3(PQ4):2:

1.

Weigh on a weighing paper about 1.0 g of an unknown mixture containing BaCl,.2H>0O and
Na3;P0O4.12H20. Report the mass to £0.01 g.

Transfer to a 400 mL beaker, add 200 mL of distilled water and stir the mixture for one
minute.

Cover the beaker with a watch glass and heat gently with stirring for 30 minute. Do not boil
the solution, keep the temperature at about 80-90°C

Allow the precipitate to settle, then decant two 50mL volume of the supernatant liquid into
two 100 mL beakers, labeled beaker 1& 2 to be used in part (II).

Weigh a filter paper (+ 0.01 g) and seal it into the Buchner funnel with a small amount of
distilled water. While the solution is hot, filter the precipitate by vacuum as shown in Fig.1.
Transfer any precipitate remaining in the beaker into the funnel with a policeman and hot
water.

Wash the precipitate with two portions of distilled water, remove the filter paper and put
it in the oven and dry the precipitate at a temperature of 100°C for about 1 hour.

Remove the filter paper from the oven and weight the precipitate and paper to (+ 0.01 g)



(2) Determination of the limiting reactant:

The limiting reactant is determined using the solutions in beakers 1 & 2 as follows:

Test for excess PO4>: add 2 drops of 0.5 M BaCl, to the solution in beaker 1. If a precipitate
is formed, then PO4’" is in excess and Ba®" is the limiting reactant.

Test for excess Ba?*: add 2 drops of 0.5 M Na3POjs to the solution in beaker 2.

If a ppt. is formed, then Ba** is in excess and PO4>" is the limiting reactant.

To Vacuﬁm .
RIEEN

"~ Suction

flask

Blo§ uotf e U (6 [Bake Gsh3o s\ pa
.. \oog =2rem |\
G youti oo il 22 :
. dopat] = 35U Co o (2
Fig. (1): Setup for vacuum filtration 2 Small Qeaken ol-a29
SLA o W5 s (3 w;,w|@9(ﬁ
The purpose of this exp: G ¥t G vaseshl Us, 031 W20 @ (4

1) determine the L.R of the exp rxns lo 1S min Tt
2) determine the (Act.Yield , Theo. Yield, % yield) of the —_—

rxns 1 e Dok 7815
[PAR Gb s G‘Qi o=

Sl down 6« PRdnct <

ﬁ"‘sqp@f‘haf}on"
L Clear Salu- puran




1) 25g sample of Na3P0o4.12H20 react with excess BaCl2.H20 ... If the mass of Ba3(Po4)2
obtained is 17.56g . Calculate the % yield of Ba3(Po4j2 ?

LR :NOQPOq ;253

Mole }JgsPoq :_% z0.085 mole

-2
7 mol e Poy — 1 molr Ba ;3 (Poy),

ENCENS = BaC|,_ i
M ass o‘e Prz,d.c}—> BD(PC’!«)2 = H'S‘_‘] i 0-065 mole =<

4 LR 5 sRa e as=
SeAch field = Fo AE*

R =0.032% mole

Mass og BO-S,(Pca‘.\\,L =449 9 (: F—\";\eo. nsiclo/

ZogeNd = .56 | oo oy
\At4

2)mixture containing 40g of Na3P0o4.12H20 & 30g of BaCl2.2H20 is dissolved in water. A ppt
of Ba3(Po4)2 weighing 22.65g is produced. Calculate % yield of Ba3(Po4)2 ?

. ex o LR = ot %
AC4-'3.‘Cld= GOB(POM\j_ =19, Jgj ('\6'{ _;__?J — (@3 XY N ‘ _
NasPoy = Yo —20— = 0.0525

M@ess ND/3PO¢1 = HOj = D-lDS {"\0’( _:>

mags (3o cly = 303

i Bacly, = 32 =0.122 mele => o.122

24y.9 = = o.0Yaq
# The Smalkeeh pynbec is L-R = Raci,
3B moale Bac\,,_——>1 mole gascpaq\ | 5
6123 mole Bacl—s = 2 i /o jiclal = Ac+. Yielf
|7§ = o.oql MO\C| i T‘n{o . jic(o/
: = D 45
mags of 3 _ | \ =
Gstoq\1—2“|.5qj i 2‘4.{‘1 oo / _Q|.¥/.

___________________________________________________________________________________________

3) 10g of a unborn mixture containing Na3P0o4.12H20 & BaCl2.2H20 is distilled water , mass of Ba3(Po4)2
ppt is 3.5g . Calculate % yield of each salt present in mixture. If BaCl2 is L.R ?

—<\\c.o.aic\o( = Ao 3
L.-R =GOC|9_

Mole qu(poﬂa = 3.6 = '5-?5(\:;3
-2

O Bacly —7] mele of Baz (Poy),

E & 5.?X\0—3 molc

R = 0.0lFY mol,

Moy o{ Bacly =4.269 Acl _‘AiQ|Qy

XL ‘4’\25 sl = URST /o, pou’ - (loo-42.8)".
- 51 .5 ./a



1) Don't boil the solution?
To minimize the lost of the mass

2) Using distilled water?
To avoid the reaction of the unknown

3)Test for excess (Po4)”-3 OR limiting (Ba)"+2:

-Add 2 drops of 0.5 mole BaCl2 to the solution ... If a pptis
formed then (Po4)”~-3 is the excess & (Ba)™+2 is the L.R

- If a ppt is not formed the (Po4)"-3 is the L.R & (Ba)™+2 is the
excess

1) given the equation A+3B~~C+D ... y reaction 1 mole of A with 2 moles of B. Which

of the following is true: fvd L8

— Ais L.R because it's higher molar mass

— B is L.R because of its higher molar mass e nw = ',— =

— Ais L.R because you have fewer moles of A than B ¥

— Bis L.R because you have fewer moles of B than A ) . ®
— Bis L.R because you need 3 moles of B & you have 2 moles —’&Q_\_M = % = 0.66

2) In the L.R of salt mixture exp. to test for limiting (Ba)”*+2 ion: Q

— Add few drops of (Barium ion) 0.5 moles to the ppt will appear

— Add a few drops of (Phosphate ion) 0.5 mole to the ppt will appear
— Add a few drops of (Barium ion) 0.5 mole to the ppt will not appear
— heat the mixture solution in the water both for 30 minutes

— non of these

3)If 3.28g unknown mixture containing Na3P0o4.12H20 & BaCIl2.2H20 is dissolved in
distilled water, mass Ba3(Po4)2 pptis 1.75g . Calculate % of Na3P0o4.12H20 in the
mixture if BaCI2isL.R?

Act. gield = 1.#5 ‘:r‘;sc;f =6‘;459 _ 2.9%l6” mole / yild =%§—%lv°/-
L-& =Bo <h 3 mole o’f Bacly —— 1no|c Daj(Poq\,l =3\,"‘152 * |20 7.
- — 2 o OaPoidy | o g
R = 2.F s’ melc
OSSR o gy [T Y
Bacla . o

moss of NazPoy = 3.2 -2.128 = \-\S o



4)True OR False:
— The rxn in the L.R exp isn't endothermic
— is exothermic

5) The purpose of L.R exp:

— determine actual yield

— determine theoretical yield @
— determine % yield (percentage)

— determine L.R of the exp rxn

— all of these

6) a mixture containing equal masses (X) of Na3Po4.12H20 & BaCl2.2H20 is
dissolved in water. A ppt of Ba3(Po4)2 was produced with a mass (0.2X) of the

Mo\c o:r - 9 T" \"JE\

NazPoy 3% 2% Fbo. ‘1

starting material. Then the % yield of Ba3(Po4)2 is: fCly U
masSS Bacly = masy /\Jaglpol1 =% q E mole o'f = . = S’\ =S Gl
Act. gield = 0.2 X5 T + N >NazPoy
= : st

2 mole O/L N0'3P°‘4'_> 10’\0‘( Bo;(Poqsa /. -jc“\d = AC! ’k\"a‘/’

i Theo
X nole Naa Poy — >/ :
380-2 o ! P SR
1( / YCc'J : a.'}‘“ <
Mass o — Tl =< |
76 F mole g 2 :
o 7-6«: becvuds | - 2%.3 %

L)



Student Name: Section No.:

Partner Name: Group No.:

ID Number: Date :

Experiment (3)

Limiting Reactant

Report Sheet

Part (1):- Preparation of Ba3(PQ4)2

Unknown number

Howon

Data: Trial 1

Trial 2

Mass of mixture (g)

Mass of filter Paper (g)

Mass of Filter paper + Ba3(PO4)2 (g)

Mass of Ba3(PO4): (g)

Part (2): - Determination of the Limiting reactant

[a—

A e I

10.

Data: Trial 1

Trial 2

Limiting reactant in salt mixture

Excess reactant in salt mixture

Calculations:

Mass of Ba3(POa): (g)

Moles Ba3(PO4)2: (FM = 602.2 g/mole)

Moles BaCl,.2H>0; (FM = 244.2g/mole)

Mass of BaCl>.2H»O reacted (g)

Moles Na3POs4.12H,0 reacted; (FM = 380.2 g/mole)

Mass of Na3POs.12H>0 reacted (g)

Mass of salt mixture (g)

Mass of excess reactant (g)

% Of BaCl,.2H,0 in the mixture

% Of Na3PO4.12H>0 in the mixture

Show your calculation on a separate paper.



Experiment (3)

Limiting Reactant

PostL.ab

1. What is the effect of heating the solution on the particle size of Ba3(POs), precipitate?
_l' () P(‘cuef\)“ GCCOU otiof

2. Describe the effect of each of the following factors (whether increase, decrease, or has no

effect) on the(actual yield of Bas(POx)> ) Tl (o bus L3 Qe
a. Using a coarse filter paper instead of one with fine porosity.

pronpucyl‘ \US?F AC;ﬂ-&idd oﬂml s Jﬂct

1% ~J

b. Insufficient washing of the precipitaté.b.m Wi G0 L=\ e
c')rbdup;‘- X EXCELR Ac;(l J\dcﬂ 7 ARYal

c. If the precipitate is washed with an acidic solution. éul 30 (o) §e\B
Acd yeld dec]  omded | V. |

d. If the precipitate was not dried completely. HP\ B U\ i3 ra




Student Name: Section No.:
ID Number: Date :
Partner Name: Group No.:

Experiment (4)

Identification of a Compound: Physical Properties

Prelab

1. Define:-
A. Solubility:
like  Aisgalues in Wik

e i Delr D e

Pn\nr\ + non = Tacaluble [’.mm‘.u‘:“e}

B. Boiling point:
™M A . = | w

\\be(\'\mﬂ BP %LZMP— 9"2 LA\f\‘\C'J\ CU@\ = j Qﬂf"\ - ol pr23CurP (A < l(uen

2. A students liquid unknown boils at approximately 69°C, is insoluble in water but soluble in
cyclohexane. Its density is 0.65g / ml. Which chemical in table (1) is the unknown?

3. What physical property, measurable in this experiment, distinguishes cyclohexane from
cyclohexene?

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




Experiment (4)

Identification of a Compound: Physical Properties

Objective:

e To identify a compound based on its physical properties
e To learn how to properly assemble a boiling point apparatus

Introduction:

Gold is yellow, roses are red, salt is white and crystalline, lead is "heavy" and water is a
colorless clear liquid. These are all physical properties of chemical substances. Physical properties
are often used for the identification of a chemical substance .The more common physical properties
include color, odor, density ,solubility ,melting point, boiling point ,and whether the substance is
a solid, liquid ,or gas. These properties can be observed without any knowledge of the reactivity
of the compound. Additional tests, tests that reveal more information about its chemical or physical
properties, may be necessary, however, to confirm its purity.

The purpose of this experiment to identify a chemical compound from the data collected on its

solubility, density, and boiling point. pPolor « Qatd— Solubl [ Aiscibled
N non potor « tolt— insoluble [;mﬂi&dh‘lf]
Solubility: polar « palar — Solublr

N NN < P — Sofuble
The solubility of a compound is thesmaximumsmassy(usuallysinsgrams)sofithessubstance
that dissolves in a fixed mass (usually 100g) of solvent at a given temperature. A chemical has

different solubilities in different solvents, reflecting the differences in the molecular composition
of the solute from that of the solvent. For instance, some substances such as table salt, are soluble
in water but insoluble in gasoline. In this experiment we will examine the solubility of a substance
in three different solvents: water, cyclohexane, (CsHi2) and ethanol (C2HsOH). Qualitatively each
substance is recorded as being soluble (complete dissolution), slightly soluble (partial dissolution),

. PR
or insoluble. {_{4|_f> e e Gus > L_B_,-'? GLsS

Density: ﬂ, = |ooo m|

The density is the mass per unit volume. Substances with a large density have a large mass
in a small volume. While we commonly say that Lead is"heavy" we really mean that lead has a
high density-it doesn’t require much volume in order to have a large mass of lead.

100C cladl GLde azjo > Lgilde a>)0 oole : ay i) s slgall (Si *

100C clodl HLde a0 < lgildé das)0 oole : ay i) 2as ¥ oolo ST *



1) at which the liquid starts to boil
Boiling point: 2) where the vapor pressure is equal to the atmosphere pressure

When a liquid is gradually heated, there is a temperature at which bubbles form
spontaneously and continue to form until the entire volume of the liquid has been converted to a
gas. This "constant” temperature is called the boiling point of the liquid. At the boiling point the
temperature of the escaping vapor equals that of the liquid; this temperature depends upon the
prevailing atmospheric pressure. The boiling point values listed in Table (1) are measured at
normal atmospheric pressure (called one atmosphere of pressure).

The boiling point of a substance is characteristic of the magnitude of the forces acting between
molecules, called intermolecular forces. The greater the magnitude of the intermolecular forces,
the higher will be boiling point. Since the magnitude of the intermolecular forces is different for
each compound, each has a characteristic boiling point.

Apparatus and Chemicals: Normal B.P : if ( vapor pressure = pressure atmosphere =1 atm)

75 mm test tube (4), dropper, 150 ml-beaker, pipette, thermometers 110°C, rubber band, and
capillary tube. Beaker 250 ml, Burner, wire gauze, O-ring. Stirring rod, Ethanol,
Cyclohexane, Acetone, and about 15ml of an unknown liquid.

* When air bubbles escape rapidly :
(V.P) > atm. Pressure ( high B.P)

* After Liq. enters the capillary tube:
(V.P) < atm. Pressure. (low B.P)

* While Liq. enters capillary tube: Tomp = B.P
(V.P) = atm. Pressure

e Ruker~ 2o [t Bea ker pas U g‘unknmn&"”(\
asls g_,&lmd’é \J\_“‘L1 U_L _#_IQ,LLO"' éd!ubc
SR ('fj-b_-\ Lebe -
+ wknewns Yot Co i (2 %l €u be_:‘:—; (2
CDP]I\OVG {UB{' olnl e tnknownm fon /.pﬂard v

[tat] gt &t | (3

3>) 5 bube s (2

-~
u=\-%9 r | n (__“_Jb ldcf‘

i =520 Cplinder & i p e Onhe Wer j|
| Bosker a2 5

28 4 Lubeco (el 1 S acsn =l
G-:=\_'> e U‘J:Q M= \-11 u\_‘ffct
Cube A=12F =0.%0G

GP:'JB’C \-93



Experimental Procedure:

?: ‘Po\or\

n: nonpalor

Note: (Ask your instructor for an unknown listed in Table 1)

A. Solubility:

1. Solubility in Cyclohexane:

Into a 75-mm test tube add 3 drops of your liquid unknown to 1 ml of cyclohexane.Agitate
the contents (Figure 1) Does each drop dissolve? Partially dissolve? Record your

observations.

2. Solubility in water and Ethanol:

Repeat the test with water and ethanol as solvents. Describe the solubility of your unknown

as soluble, slightly soluble, or insoluble in each solvent.

Table (1) physical properties of some common laboratory chemicals

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

CgHin

CZHS oH

HmO

Figure (1) shake contents of the test tube

. Boilin Solubility
Compound | Density(g/ml) Point( ég) H,0 CeHa C.HsOH

Acetone P 0.79 56 S S S
—2-butanone | P 0.805 80 S S S
Cyclohexane | N 0.79 80.74 i - S
Cyclohexene | N 0.81 83 i s s
= Ethanol ? 0.79 79 sls s -
—Ethylacetate | ©  0.90 77 s s s
Heptane n 0.684 98 1 s s
n-hexane n 066 68 1 S S
1-hexene n_0.67 63 1 S s
=Isopropanol [P 0.79 83 S S S
= Methanol |P 0.79 65 S S s
=n-propanol | P 0.805 97 S S S
= Water P 1.00 100 - 1 S

| 1;‘_

)




B. Density:

Complete two trials to determine the density of your unknown.
Determine Mass and Volume of Unknown. Pipette 2ml of the liquid into a beaker and weigh.
Calculate the density of the liquid.

C. Boiling point:

Check out a 110°C thermometer. Assemble the apparatus in Figure 2. Complete two
measurements for the boiling point of your unknown.

1. Assemble the Boiling Point Apparatus. Place 10 drops of the unknown liquid into a 75-
mm test tube. Position it beside the thermometer bulb using a rubber band. Invert (open
end down) a 10-cm capillary tube in the liquid. Place the apparatus into the water bath.

2. Measure the Boiling Point. Slowly heat the water in the water bath while stirring with the
stirring rod . When a rapid and continuous stream of bubbles escapes the capillary tube,
discontinue heating the water bath. The stream of bubbles slows as the bath cools. When
the bubbles cease to escape and before the liquid re-enters the capillary tube, record the
temperature. This is the boiling point of the liquid.

3. Repeat the Measurement. Determine the boiling point a second time. The same (volume
of) liquid may be used. However, the capillary tube must be removed and re-inserted before
heating resumes.

Figure (2) apparatus for determining the boiling point of a liquid



1) what physical property, measurable , in this, exp. distinguishes cyclohexane from
cyclohexene ?
- Boiling point

2) using apparatuse described in this exp. , when should the boiling point of a liquid be
recorded?
- when the bubbles cease to escape and before the liquid re-enters the capillary tube

3) why B.P solution > B.P solvent?
-because it has stronger intermolecular forces

4) how does Atmospheric pressure affect the B.P of the liquid?
- directly

5) how does Intermolecular force affect the B.P of a liquid?
- directly

6) can you predict when the V.P = atmosphere pressure, theoretically?
- no, by experience

7) if 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?

~D :% => mass dea. => hecage Soe & Liguid cling & pipehe

Too low , because mass will decrease because some liquid cling to pipette then the
density will decrease

8) when air bubbles escape rapidly from the capillary tube: ( & heat is removed )
- V.P>V.atmosphere. , temperature > B.P true

9) when the liquid enters the capillary tube: ( & after heat is removed )
- V.atmosphere > V.P , temperature < B.P true

10) the temperature is taken while ( not before or after) the liquid enters the capillary:
V.atmospheric =V.P , temperature = B.P true

11) a student liquid unknown boil at approximately 69C , is insoluble in water but soluble
in cyclohexane . Its density is 0.65g/ml . Which chemical in table is the unknown?

FRAREE AR

* Qualitative : color, odor ... aucgi
* Quantitative : Boiling point, density, solubility ... a&.eS

* V.P & Inter molecules forces : inverse ( dec)
* V.P & Temperature: direct (inc)
* V.P & Boiling point: inverse (dec)



1) which of the following pair of liquids are miscible?

- polar + salt. - non + polar

- hon + hon. - hon + salt @
-1+ 2 will be miscible

2) if you need 10ml pipette to weight 10 ml of three unknown liquid substances
A,B&C . You find that the wight of the 10ml of each substance is the following:
A=9.2g, B=9g, C=8.9g . The order of density decreasing of these liquids is :

=l = Wl o 8] /de =1 =01 /ﬁ(czg’q - 0.21
A \4 \o \2 \o
3) which of the following is qualitative :
- density. - boiling point
- solubility. - non of these @

4) True OR False:
- the B.P is the temperature at which at which the V.P of the liquid is higher
than the atmosphere pressure

- if the B.P is recorded while the bubble escaping from the capillary tube ( and
the heat is removed) , the recorded boiling point will be too low -

- as the temperature increases the vapor pressure of the liquid increases

T
- if the B.P is recorded after the liquid enters the capillary tube ( after the heat
is removed) , the recoded B.P will be too high

- the B.P of the substance increases as the intermolecular forces between
molecules decrease
F

5) which can |l use in exp.4:

-X,B.P=90

-y, B.P=101 @
-Z,B.P =160

6) which can not l use in exp.4:

-A , B.P=107

-B, B.P =90

-C,B.P=92 ©)



Student Name: Section No.:

ID Number: Date :

Partner Name: Group No.:

Experiment (4)

Identification of a Compound: Physical Properties

Report Sheet

Solubility:

Unknown Number-
Soluble Slightly Soluble Insoluble

1. Solubility in cyclohexane
2. Solubility in ethanol

3. Solubility in water

Density:

Trial 1 Trial 2

Volume of liquid (ml)

Mass of liquid (g)

Density of liquid (g/ml)
Average density of liquid (g/m)

Sl e

Boiling point:
1. Observed boiling point (c) _ R

Name of unknown:




Experiment (4)

Identification of a Compound: Physical Properties

Post Lab

1. How does atmospheric pressure affect the boiling point of a liquid? Ask your instructor.

C-P- femp, o which (v-0) - alo. gruue

2. [If several drops of liquid unknown (Part B) cling to the pipette wall after delivery will the
density of the unknown be reported too high or too low? Explain

d - m

v Al e ds o)
N W

3. (A). Inpart C.2 if the boiling point is recorded when bubbles are rapidly escaping the capillary
tube, will it be recorded too high or too low? Explain.

l\u.p\ S adm 1 . (\‘m;x‘n Q.0 N Frue B-P)

(B). If the boiling point is recorded after the liquid enters the capillary tube (after the heat is
removed), will it be recorded too high or too low? Explain

\ower due Yo [uU.p) L'g, £ aﬂm PreL st
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xP.5 / Cation and anions tests

Cations
1-{Caldumionca® | -~y 5\
Ca(Noa)z(.q) + m —  CaC,04 + 2NaNO;(q)
Sodium oxalate White ppt.
L
Zron ()ionre Feic Teat .
Zu
Fe(NOs)yuy ~ + BKSENEH >~\> — Fe(SCN)say +  3KNOsug
Tron Potassium Red
Sulfote thiocyanate solution <\ M\
ﬂ Ammonium iron NH.1
NHNO; oy + NaBH, C3\%— NHyy 29+ H0,
A onium Sodium Gas (with heating
changes the litmus
Nitnade = paper red to blue)
N,
Anions
1- Hydrogen carbonate ion HCO;’ Z:’ (]|
NaHCOy, + WHER o~ - Hzcos(aqr—:j +  NaClg
, Hydrochloric acid (H,0 +CO,
Sediun hy draes (AGMC) Bubble of
Corlomale carbon dioxide
2|- Sulfate ion SO, Hel csexh
A - 2 N
Na;SOuzq  + WBECIHE + |Heg| — BaSOyy  + 2 NaCly,
Barium chloride
Sodium White ppt. o\l
Sw‘(ul‘f (S&\ﬁk'“j
Gmn“_j
3-|Chloride and Bromide ion CI" and Br’
NaClug ~ + #BNOs@s  + | HNOy,, > AgCly + NaNOy,,
Silver nitrate oz bas White ppt.
Or - or
NaBr AgBr
Pale yellow ppt.

Scanned with CamScanner



1) the sulfate ion can be detected by:

— adding BaCl2 solution in Acidic media & a white ppt will
appear

— adding BaCl2 solution in Basic media & a white ppt will appear
— adding HCI solution, a gas will change the wet red litmus to
blue

— adding NaOH solution, a gas will change the wet blue litmus to
red

— adding NaOH solution, Ammonia smell can be detected
®

2)the CI- can be detected by:
— sodium Oxalate

— potassium thiocyanate

— silver nitrate + acid
—barium chloride + acid

— hydrophobic acid

3)the iron (]|]) ion can be detected by:

— adding BaCl2 solution, in acidic media & a white ppt will

appear

— adding KSCN solution & a red color will appear

— adding KSCN solution & a white color will appear ©

4)an unknown salt give a gas that convert the litmus paper from
red to blue when detected with sodium hydroxide & a pale yellow
precipitate when reacted with silver nitrate in acidic media . The
formula of the salt is :

— CaBr2. — Fe2(So04)3. — NH4Br — NH4HCO3



5)four unknown salt have the formula: AB, XY, ZW, AY . The
following results were obtained by testing the ions in the
sample : According to the previous table, the salt AY is:

— Fe2(So04)3. —CaCl2. —NH4Br. — FeCI3

6)when an unknown react with sodium hydroxide 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 hydrochloride acid solution & carbon dioxide evolved
immediately as a result of rxn, the unknown is :

— CaCl2. — Ca(HCO03)2. — NHA4CI. — NH4HCO3

1 Co ) st )
) 4+ NaoH — G s~

|—> vHy

+ Hel —— HyCos

. AN
L> HC°3 Coy Hqo0

2)




Experiment (6)

Molar Mass of a Volatile Liquid

Objective:
To determine the molar mass of an unknown volatile liquid.

Introduction:
According to Avogadro's principle, equalivolumesiofigasesratithersamestemperaturesand
wiessuecontainyequalsmumbenofipaticlesyemolecules). Dumas used this principle in 1826 to

determine atomic and molar masses. Dumas measured the densities of volatile liquids (easily

vaporized), and from these densities he determined the atomic and molar masses of many gases.

Massofhiecondensedaponisiealeulaied. The molar mass is determined using the ideal gas law:

PV =nRT (1)
The number of moles, n, is given by (/{f‘ = M el
v
n= (/M) e ®)

The ideal gas equation becomes:

L> ﬂf:d[;r

PV =(m/M) RT 3)
Where: P = atmospheric pressure (a_tm)_= Latm —Féo mm Hg = Fbo torr - \o)l 325 pa
V =volume of vapor () 1L -\ooo mL =1 c°® = 1dm’ d= ‘_"_\\/_ (g /mL)
y—H2o m = mass of vapor (g) (g1L) Jaems (AJJ
" —> SD‘S M = molar mass of volatile liquid (g/mol) N =mM of vaper
He ot vol i
3 ¥
R = gas constant = 0.0821 atm L. K 'mol"! = oAn L /¥ mol Slmel &

T = temperature of boiling water (K).

T(c® +2%3 = T (K)



Experimental Procedure:

10.

11.
12.
13.
14.
15.
16.
17.

Weigh together a clean and dry 125 ml Erlenmeyer flask, a copper wire and an aluminum
foil (8 x 8 cm) on a Top-loading balance and record the weight as accurately as possible.
Using a graduated cylinder, pour about 10 ml sample of the volatile liquid (supplied by your
instructor) into the Erlenmeyer flask.
Center the aluminum foil (8 x 8 cm) over the mouth of the flask and secure it in place with
the copper wire.
Place a larger piece of aluminum foil (10 x 10 cm) over the first foil, cover and secure it in
place with a rubber band.
Make a small hole through the aluminum foils with a sharp pin.
Place the Erlenmeyer flask into a 400 ml beaker and clamp it to a stand.
Place some water in the beaker, to cover up the liquid level in the flask, along with few
boiling stones.

Place the beaker, with the flask over Bunsen burner as shown in the following figure.
Heat the beaker slowly till the water boils (this step should take about 10 minutes).
Allow the water to boil gently, till all the volatile liquid has vaporized. Continue gentle
heating of water for another 5 minutes.
Measure the temperature of the boiling water and record it.
Turn off the Bunsen burner.
Using a towel, immediately remove the Erlenmeyer flask from the beaker.
Dry the outside of the flask and the aluminum foil completely.
Remove the outer aluminum foil and rubber band only.
Allow the Erlenmeyer flask to sit for 15 minutes to cool to room temperature.
While waiting for the Erlenmeyer flask to cool, read the atmospheric pressure on the

laboratory barometer.



18.

19.

20.

Weigh the Erlenmeyer flask, with aluminum cover and wire still on, accurately and record
the mass.

Determine the volume of the flask by filling it to the rim with water and measuring the
volume of the water with a graduated cylinder. Record the volume.

Repeat the above steps for a second trial.




1) what's the mass of vapour volatile liquid (Mm= 85 g/mol) which completely fill a 184 ml flask at
94C & 675.05 torr ?

T= QY c’——s M2F2 = 363 K
P: 6?;.0560((‘_——) 67‘%-05

= o 82€ Hm
-Fgo
V: \gqﬂ‘\l—-—> o\gq L—
l/{ﬂl:‘VIRT
oy => B85 = m%x0-082 x«3F — M= 0.‘4‘”3

0-\8Y % -.289

2)a cylinder contain compressed hydrogen gas & the mass of the hydrogen is 20g , what mass of oxygen
would be contained in an identical cylinder at the same temperature & pressure?

Tdenticol culnde~ v, =V — T, =:To—s Py =R i,l\lbaacjfc'{lf\ Ny =g

3)for which of the following components can we determine. It's Mm using the method described in this exp, give
reasons ...

A) Benzene (B.P 78C). B) Glycerol (B.P 180C) A J\:—&

A) why should the Earl. flask be dry?

-to avoid changing the mass of the substance

B) why we should make a small hole through the aluminium foil?

- to avoid the explosion of the flask

C) does it affect if we change the quantity of the water?

-No, Mm is independent on the quantity of the water

D) why we are putting a few boiling stones in the liquid?

- to decrease the bubbles of the boiling , so we can avoid explosions
E) why should we heat the beaker slowly

- to avoid fast evaporation

F) why should we dry the outside of the aluminium foil completely, after finish heating?
- to have an accurate reading of the mass



Student Name: Section No.:
ID Number: Date :
Partner Name: Group No.:

Experiment (6)

Molar Mass of a Volatile Liquid

Report Sheet

Unknown No.

Data:
Trial 1 Trial 11
1. Mass of empty Erlenmeyer flask
+ Aluminum foil + Wire (g) 13'70
2. Temperature of boiling water (K) As5é& = 349 L
3. Atmospheric pressure (atm) 4 19 torr

4. Mass of Erlenmeyer flask

+ Condensed vapor + aluminum

foil + wire (g) —?2 |1

5. Mass of condensed vapor (g) o-Y]
6. Volume of Erlenmeyer flask \95 Ml =5-194 |
7. Molar mass of the liquid, calculated

8. Average molar mass L @81[
ﬂs MR T =o-Ul w0082\ % 363 \Q.387

=

qu@\// 098 * o\l °-142
— = BUY.5\S q)

Note: A more accurate calculation of the molar mass uses a corrected mass for the vapor which
takes into consideration the mass of air displaced by vapor at room temperature.



Experiment (6)

Molar Mass of a Volatile Liquid

PostLab

1. A flask weighs 40.1305g when clean, dry, evacuated, 138.2410g when filled with water (density
= 0.9970 g/ml) and 40.2487g when filled with a gaseous substance at 470.4 torr and 96°C.
What is the molar mass (g/mol) of the gas? [R = 0.082 L.atm/mol. K]

+*+ P= Ytod _ -2 nﬂm
e Her=cmR T
ey o= 13824 - 401305 - 98 .105 q PV
Ly N =
=o-122 ¥x0.0521 + 344
.- 49 « 0-092Y

*‘UH,O— o = Ag.1leS5  _ C‘Q-qOS"'ML - 0-0984 L
d eAdw

o Moes = 0. 048F —5.1305 = o 1@ g

1) if flask isn't dried completely from outside before weighing ?

Tt = A T e

2) if the density of the volatile liquid was mistakenly greater than the true value?
\NC.Yeage

3) if the temperature of the boiling water was mistakenly less then the true value?

" decqeaze
4) if balance reads lower than the true value?

[\}D -E"He('.'é

5) if the volume of the flask than the recorded volume ?

incCeage

6) if amount of volatile liquid isn't enough the flask ?
T N Wi et considlerzd o0& filled

,/l( 5t Japol will be lawer \:decfeasq

7) if 50 ml rather then 20ml of vol. liquid is used exp?
- No e‘e‘feC‘é — O(U'C {o masg 0’2 Vapol” f\ﬂa vol- ‘i‘}bﬁo{ is Considerd
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Experiment (7)

Determination of the Molar Volume of Hydrogen Gas

PreLab

A student at The Hashemite University 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(ag) and
collects 56.09 ml of gas over water at 22 °C and 757.8 torr. The vapor pressure of water at 22 °C
is 19.8 torr.

1. Use the data given above to calculate:

(1) The volume occupied by one mole of dry H» at 22 °C and 760 torr.
(i1) The volume occupied by one mole of dry H, at STP.

Note: do NOT simply use the ideal gas law equation!

Holar volume =7 = vt shges (L) v, [7d

moles of 905 [mol moles

* one mole of an ideal gas at STP will occupy a volume = 22.4L
Molar Volume at STP = 22.4 L/mole

STP : standard Temperature &pressure
T=0C =32 °C= 273K
P=1atm =760 torr

2. Name the gas laws which you used in your calculations.

1.}(3+2HC'—> Hacly + 1 H, ntﬁj;nm
Péd = ?50:8 1 Dhlo ;M[“DSQ‘\{NC QT &ure CPaJm\
el (\:s_é

Y b



Experiment (7)

Determination of the Molar Volume of Hydrogen Gas

Objectives:

e To determine the volume, in liters, of one mole of dry hydrogen (H>) gas at STP

Introduction:

Hydrogen gas, or dihydrogen, (Hz2) can be produced from the reaction of active metals with
acids. In this experiment you will generate H> by reacting magnesium metal with hydrochloric
acid. You will collect the H» in an inverted burette by water displacement and measure the volume
of'the gas. You can then calculate the volume of dry gas at STP if you know the room temperature,
the barometric pressure, and the vapor pressure of water. We know that the ideal gas law predicts
a volume of 22.4 L mol ™!, but in this experiment we want to measure this for ourselves.

Apparatus and Chemicals:

50 mL burette, one- or two-hole stopper to fit burette, ring stand with clamp, 600 mL beaker,
10 mL and 1000 mL graduated cylinders, fine copper wire, 6 M HCI, 5-6 cm piece of magnesium
ribbon.

Experimental Procedure:

1. The first step is to record the volume contained in your burette between the 50 mL mark and
the sealed end. It is written on your burette

2. Weigh a piece of magnesium ribbon with a mass of approximately 0.035-0.04 g on an analytical
balance. Record its mass to four decimal places.

3. Fold the magnesium ribbon into a small pellet. Wrap it tightly all around with copper wire so
that no small pieces can escape as it dissolves. Leave about 5 cm of copper wire to serve as a
handle. See Figure 1.

4. Clamp your burette in an upright position in the ring stand. Fill a 600 mL beaker about two-
thirds full of tap water and place near the ring stand.

5. Measure about 10 mL of 6 M HCl in a graduated cylinder. Tilt the burette at an angle from the
upright position and pour in the HCI.

6. With the burette in the same position, SLOWLY fill it with tap water from the beaker. While
pouring, rinse any acid that may be on the sides of the tube so that the liquid in the top of the
tube will contain very little acid. TRY TO AVOID STIRRING UP THE ACID LAYER IN
THE BOTTOM OF THE TUBE.

7. While holding the copper coil by the handle, insert the metal about 3 cm down into the burette.
Hook the copper wire over the edge of the tube and hold it there by inserting the stopper. Fill



the burette completely so that the stopper displaces a little water when put in place. See the left
of Figure 1.

8. Cover the hole in the stopper with your finger and invert the burette in the 600 mL beaker of
water, as shown in the middle of Figure 1. Clamp the burette in place. The acid being more
dense than water will flow down to the bottom and eventually react with the metal.

9. After the reaction stops, wait for about 5 minutes to allow the burette to come to room
temperature. If any bubbles stick to the sides of the burette, tap them gently.

10.Cover the hole in the stopper with your finger and transfer the burette to a large graduated
cylinder almost full of room temperature water. See Figure 2. Raise or lower the burette until
the level of the liquid inside the burette is the same as the level outside the burette. This permits
you to measure the volume of the gases in the burette (H2 and water vapor) at room pressure.

11.Read the burette. The calibrations are upside down, so make sure you read it correctly. Ask
for help if you are not sure of the reading. Record this reading on your data sheet.

12.Remove the burette from the water and pour the acid solution it contains down the sink. Rinse
the burette with tap water and then with distilled water.

13.Record the temperature of the water in the large graduated cylinder, the room temperature, and
the room pressure as given by your instructor.

14.Do the experiment a second time.

.

}

Figure 1 Manipulating the burette. Figure 2 Measuring the volume of gas.



1) one mole of an ideal gas at STP will occupy volume equal? 22-YL

2) a student wants to determine exp. The volume occupied by one
mole of H2 gas at STP . She reacts 0.1471g of Zn with excess HCI &
collects 56.09ml of gas over water at 22C & 757.8 torr . The V.P of
water at 22C is 19.8 torr
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Student Name: Section No.:
ID Number: Date :

Partner Name: Group No.:

Experiment (7)

Determination of the Molar Volume of Hydrogen Gas

Report Sheet

Trial 1 Trial 2
Volume of burette from 50 mL mark to the sealed end 5-3 1] B
Mass of piece of magnesium ribbon 0-0 53
Burette reading from Step 11 Y AmL
Temperature of the water in the graduated cylinder (Step 13) 2 3 0 C ’
Room temperature 24.79.¢cq
F5Y ty—

Room pressure

Vapor pressure of water—use the water temperature from
Step 13 and the Table below.

Vapor Pressure of Water at Various Temperatures

Temperature Pressure Temperature Pressure
°C torr °C torr
16 13.6 21 18.6
17 14.5 22 19.8
18 15.5 23 21.0
19 16.5 24 22.4
20 17.5 25 23.8




Calculations:

Set up each problem completely and SHOW UNITS. Cancel the units when you do the
calculation. Use the correct number of significant figures in your answers.

1. Write the balanced equation for the reaction.

2. Determine the number of moles of magnesium used. Find the average for the 2 trials.

3. Determine the volume of gas produced. Find this by the following equation:
Volume of gas = (Volume of burette from 50 mL to sealed end) + (50.0 mL — burette reading).
Find the average for the 2 trials.

Use the average of your data from the previous page for these calculations.

4. Determine the partial pressure of the H> gas. Since the H; is collected over water, the gas in
the burette consists of a mixture of H> and water vapor. The total pressure is Proom = P, +

Pu,o.

5. Using the results of your calculations in the previous steps, determine the volume (in liters) of
the H» at one atmosphere pressure (760 torr) if no water were present.

6. Using the results of your calculations in the previous steps, calculate the molar volume (in
liters/mol) of dry H> at room temperature and 1 atmosphere pressure. (Don’t simply use the
ideal gas law, use your own results!)

7. Using the results of your calculations in the previous step, calculate the molar volume (in
liters/mol) of dry H> at STP.
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Experiment (8)

Colligative Properties: Molar Mass Determination

PreLab

1. Students prepared two cyclohexane solutions having the same mass of solute. However Student
1 used 13 g of cyclohexane, Student 2 used 15 g. Which student will observe the larger freezing
point change? Explain.

2. A 0.597 g sample of a non-electrolyte dissolves in 20.0g of cyclohexane. The freezing point
depression is 3.62 °C. What is the molar mass of the non-electrolyte? (K for Cyclohexane is
20.0 °C Kg/mol).




Experiment (8)

Colligative Properties: Molar Mass Determination

J

To determine the molar mass of a non-volatile, non-electrolyte by observing the difference
between the freezing points of a solvent and a solution.

Introduction:

The addition of a non-volatile solute to a solvent produces characteristic changes in a
solvent's physical properties. These changes are: vapor pressure lowering, boiling point
elevation and freezing point depression. For example when antifreeze (ethylene glycol) is added
to an automobile's cooling system it will prevent freeze-up in the winter and boiling in the summer
because the antifreeze-water solution has a lower freezing point and a higher boiling point than
pure water.

Vapor pressure lowering, boiling point elevation, and freezing point depression are called
colligative properties of solutions. These properties are governed by the number, rather than the
type, of solute particles dissolved in the solvent.

The change in colligative properties of a solution is directly proportional to the amount of
solute dissolved in the solvent. The freezing point depression, A Ty, and the boiling point elevation,
A Ty, are proportional to the molality, m, of the solute in the solution:

dec [ de pression |

Kem inC [ elevakon) M
Kom @

dec [ lowering |

A T¢

ATy

Where

Krand Ky are the molar freezing point and boiling point constants for the solvent.

__mol solute (g /mol.wt.)solute 3)

m = =
Kg solvent Kg solvent
In this experiment you will determine the molar mass of a non-volatile, non-electrolyte

(solute) in cyclohexane by measuring the freezing points for the pure cyclohexane and the solution,
as well as the mass of solute and solvent. From Ky and equations (1) and (3), you will calculate the
formula weight of the solute.

Cyclohexane's freezing point and that for the solutions are obtained from a cooling curve;
a graph representing a decreasing temperature as a function of time (Figure 1). Cyclohexane's
cooling curve reaches a plateau at its freezing point; extrapolation of the plateau to the temperature
axis determines its freezing point. The solution's cooling curve does not reach a plateau, but
continues to decrease slowly as the cyclohexane freezes. Its freezing point is determined at the
intersection of two lines drawn tangent to the curves above and below the freezing point (See
Figure 1).
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1) students prepared two cyclohexane solutions. Having the same mass of solute ,
however students 1 used 13g of cyclohexane . students 2 used 15g . Which student will
observe the larger freezing changes?

sk Sre 1N Shuclef 2 pTe= A\
12 1S
pTp= Kt moweig L ply = Kt Ml =
Lo ke Ll " 1ed

2) a 0.597g sample of a non-electrolyte dissolves in 20g of cyclohexane. The f.p.d is 3.62C .

What's the Mm of the non-electrolyte? Kf=20C kg/mol
D‘rf:'- k:( Magg ;4 3.4) = 2o ¥ 0-597% J‘((‘ - \6U.-92 S/mof
s mags M #0,02 Ate
bte 3OW£/£ j:(._ﬂf
*) why should we keep moving the solution when it freezing? P > f’ i
- to avoid super cooling Soluewt Solbtion

*) temperature remains constant at f.p until the freezing is almost complete
*) cooling curve: freezing point as function of time
*) if thermometer reads 0.2C lower than true value .
- no effect DT—E =",



3) if the solution f.p is erroneously read 0.2C lower than it should be, will the unknown
calculated molar mass be too low or too high? -
TDTﬁ = K'ﬂ * 1 e

| £ rs,

*) how will the f.p change of cyclohexane be effected ( compared the f.p change by a non-

volatile, non-associating & non-dissociating solute) by :

-) a non-volatile solute that dissociates? {)Sa<
—7 7 a.z9

pTy =2 ke m e < ~TeA

-)two solutes that react according to the equation. A+B~~~C
A—\—QF\;C JCC'.ZL o p o dlee |,
2 2 2
L .
2¢ ~> ¢ DT \kﬁ

-) if equation C~~~A+B

4) if some solute adheres to the test tube wall in part B.1, is the f.p change greater or less than it should

be ?

pTe = K- Mok 0 pTp Y dec

4) a solution of 3.33g of unknown in 50g of water freezing at -0.773C. What's the molecular weight of the

unknown?

g Sobbe = 3234 ST = Todvent ™ din pTp= Kp o massy 4

mags Soled = 52 = Zw> - “oTHE3 Sy Je - mes_ o

Termp - satfn = -2 FFFIC| Ty = 073E 5713 = |.86 = 2.3
(/(r- * c-05

Temp . sluenf = Zero C
Hr = 165.95 g /mal



Experimental Procedure:

k.

Freezing Point of Solvent:

Assemble the apparatus shown in Figure (2). Weigh (£0.01 g) a clean, dry 200 mm test tube.
Add approximately 10 g of cyclohexane to the test tube and reweigh (+0.01 g) the tube and
contents. Prepare about 300 mL of an ice-water slurry in a 400-mL beaker. Place the test tube
and cyclohexane in the ice-water bath (Figure 2). Insert a thermometer, through one hole of a
two-hole stopper, into the solvent to measure the temperature.

While stirring with the wire stirrer inserted through the stopper's other hole, record temperature
(= 0.1°C) readings at timed intervals (30 sec) on the Report Sheet. The temperature remains
virtually constant at the freezing point until solidification is almost complete. Continue
recording until the temperature begins to drop again. On a linear graph paper (provided by your
laboratory technician), plot the temperature (°C, vertical axis) versus time (t, horizontal axis)
to obtain cyclohexane's "cooling curve". The temperature corresponding to the plateau of the
cooling curve is cyclohexane's freezing point.

Freezing Point of Solvent-Unknown Solute:

Two freezing point trials for the solution are to be completed. The same unknown
solute-cyclohexane solution can be used to repeat Parts B.1 and B.2.

Dry the outside of the test tube containing the cyclohexane and reweigh (£0.01 g). Ask the
instructor for a solid unknown sample. Record your unknown number on your data sheet.
Weigh (£ 0.01 g) approximately 0.2g of the unknown on weighing boat. Transfer the unknown
to the cyclohexane in the 200-mm test tube. In the transfer be certain that none of the solid
solute remains in the boat or adheres to the test tube's side. If some does, roll the test tube until
the solute dissolves. If an unknown is a liquid, weigh (£0.01 g) about 3 mL of it in a 10-mL
graduated cylinder, pour this into the cyclohexane; then reweigh the empty cylinder. The
difference is the weight of the unknown liquid added to the cyclohexane.

Determine the solution's freezing point in the same way as the solvent's was found in Part A.
When the solution is near the freezing point, record the temperature (£0.1°C) at more frequent
intervals (20 sec). Plot the temperature vs. time (on the same graph as in Part A) to get the
solution’s cooling curve. It will show a "break" at the temperature where freezing began. The
break may not be as sharp as that for the pure solvent. Draw lines tangent to the curves above
and below the freezing point; the lines' intersection is the solution's freezing point. Repeat the
freezing point determination one more time (warm the tube and the solution to a temperature
higher than the freezing point of the solution then cool again as before.) Have your instructor
approve your graphs. After completing the collection of the experimental data, discard the
solution into a bottle marked "waste solvent."
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FIGURE 2. Freezing point apparatus

*True OR False:

1) if the test tube contains an insoluble impurity, then the calculated molar
mass will be no effected ...... True (T)

2) if the thermometer reading is always 1.5C higher than the correct
temperature, the calculated molar mass will be not effected ...... True (T)
3) the f.p of solution had been incorrectly read 0.6 higher than the true
f.p, the calculated molar mass will be lower than the actual......False (F)

4) the f.p.d of 0.2 mole of NaCl in 10 g of water is lower than the f.p.d of

0.2 mole C10H8 in 10g of water ...... False (F)
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Experiment (8)

Colligative Properties: Molar Mass Determination

Report Sheet

Unknown Number

Data:

A. Freezing Point of Cyclohexane
1. Mass of test tube (g)

2. Mass of cyclohexane (g)

3. Freezing point, from cooling curve (°C)

B. Freezing Point of a Solvent-Unknown Solute Trial I Trial 1T

1. Mass of test tube + cyclohexane (g)

Mass of cyclohexane (g)

Mass of solute (g)

& N

Freezing point, from cooling curve (°C)

Calculations:
1. Freezing point constant, Kf, of cyclohexane 20.0° C.kg/mol
2. Freezing point change, AT¢ (C°)

Mass of solute in solution (g)

> @

Mass of cyclohexane in solution (kg)

b

Molar mass (g/mol)

6. Average molar mass (g/mol)



DATA FOR COOLING CURVES

PART A (SOLVENT) PART B (SOLUTION)
Trial 1 Trial 1 Trial 2
Time(second Temp. Time Temp. Time Temp.
0 0 0
30 20 20
60 40 40
90 60 60
120 80 80
150 100 100
180 120 120
210 140 140
240 160 160
270 180 180
300 200 200
330 220 220
360 240 240
390 260 260
420 280 280
450 300 300
480 320 320
510 340 340
540 360 360
570 380 380
600 400 400
630 420 420
660 440 440




Experiment (8)

Colligative Properties: Molar Mass Determination

PostlL.ab

1. If the solution's freezing point is erroneously read 0.2°C lower than it should be, will the
unknown's calculated molar mass be too high or too low ? Explain!

2. How will the freezing point change of cyclohexane be affected ( compared with the freezing
point change by a non-volatile, non-associating and non-dissociating solute) by:

(a) A non-volatile solute that dissociates? Explain.

(b) Two solutes that react according to the equation,

A + B — C? Explain!

3. If some solute adheres to the test tube's wall in Part B.1, is the freezing point change greater or

less than it should be? Explain!




Experiment (9)

Calorimetry

53\.}'\0(\

4 ﬂJ (oN ~> NaOH) +H'ag) + Cliagg — H20 + Na'(aq)+ Cliaq) + Heat AH»

To measure heat of reaction

Introduction :

This experiment is designed to measure the HEATS OF REACTION of a series of

chemical reactions. There are several knids of "heats of reactions", such as heat of solution, heat
of neutralization, heat of combustion, heat of formation, etc. However, we shall study only the first
two of these.

. Heat of solution: it is the heat flow during the process of solution; as an example when NaOH

dissolves in water, hydrated ions are formed and heat is released. The solution absorbs this
heat and, therefore increases in temperature.

7 NaOHg) =22, H,0 Na RO RmEcat AH;

Where the heat of solution in kJ is @
becoge. Mio

2. Combined heat of solution _and heat of neutralization: in a second reaction, solid sodium

hydroxide is reacted with an aqueous solution of hydrogen chloride. During this reaction, water
and a dilute aqueous solution of sodium ions and chloride ions are formed. This time both the
heat of solution and the heat of neutralization are released:

because Uad )

Where the combined heat of solution and heat of neutralization in kJ is AHo.

. Heat of neutralization: 1t is the heat evolved, at constant pressure, when acids are neutralized

with bases. It can be obtained from the two steps above. The difference between the heat of
reactoin obtained by dissolving solid NaOH in aquesous HCI solution (step 2) and the heat
of solution obtained by dissolving solid NaOH in water (step1).

The final experiment of this laboratory class will be to determine the heat of solution of an
unknown salt, as in (step 1) above.



Example 1

A 2.00 g sample of solid CsOH is dissolved in 200.0 mL of water in a calorimeter. The temperature
of the water was raised from 22.3 to 23.4 °C. Calculate the heat of solution in kJ/mol. (assume the
specific heat of the solution to be 4.184 J/g °C and the density of the solution to be 1.00 g/mL).

Temperature change, AT=23.4-22.3=1.1"°C

b. Total mass of solution, m, (200.0 mL water) (1.00 g/mL) + 2.00 g CsOH =202.0 g
c. Heat absorbed by the solution = heat evolved by CsOH =
Mass of solutin x specific heat of solution x AT =
202.0gx4.184 J/g°Cx 1.1°C=9301]
d. Moles of CsOH = mass/Molar mass =2.00 g/ 149.9 g /mol = 0.01334 mol
e. Heat evolved per mole of CsOH = 930 J/0.01334 mol = -7.0 x 10* J/mol
f.  Heat of solution in KJ/mole = (-7.0 x 10*J/mol) x (1 kJ/10°J) = -70 kJ/mol
Note: the minus sign shows that the reaction is exothermic; i.e heat is given off (evolved) by
the system.
Example 2

A 2.00 g sample of solid CsOH reacted with 200.0 mL of an aqueous solution of hydrogen chloride
(HCI) in a calorimeter, the temperature of the solution increased from 22.3 to 24.3 °C. Calculate
the heat of reaction in kJ/mol? (Assume the specific heat of the solution to be 4.184 J/g °C and the
density of the solution to be 1.00 g/mL)

d.

c.

f.

Temperature change, AT = 2.0 °C

Total mass of solution = 202.0g

Heat absorbed by the solution =202.0 X 4.184 X 2.0
=1.7X10°J

Moles of CsOH = 0.01334 mol

Heat evolved per mole of CsOH = 1.3 x 10° J/mol

Heat of reaction in kJ /mol = 1.3 X 102 kJ /mol

Note: The difference in the heat of reaction (Example 2) and the heat of solution (Examplel)
is the heat of neutralization. So the heat of neutralization of CsOH with HCI is 60 KJ /mol



Experimental Procedure:

Assume that the density of all solutions is 1.00 g/mL and their specific heatis  4.184
J/g°C.

A. Determination of the heat of solution for NaOH (AH1)
1. Add 100.0 mL of water to the calorimeter.

2. Close the calorimeter and stir the water until a constant temperature is reached.
Record the temperature of water.

3. Weigh accurately about 2.0 g of NaOH. You should weigh the NaOH fast, since it is very
HYGROSCOPIC.

4. Add the solid NaOH to the water in the calorimeter. Stir gently. Read the temperature every
30 seconds. Record the maximum temperature reached.

B. Determination of the heat of reaction (AH?)
1. Add 100.0 mL of 0.500 M HCI solution to the calorimeter.

2. Stir the solution as in procedure 1 above, and record the initial temperature.

3. Weigh accurately about 2.0 g of NaOH. You should weigh the NaOH fast, since it is very
HYGROSCOPIC.

4. Add the solid NaOH to the HCI solution in the calorimeter and stir gently until the
maximum temperature is reached. Record the maximum (final) temperature.

C. Determination of the heat of solution of an unknown salt:

1. Pick up an unknown salt from the instructor and record the unknown number on the report
sheet. You will be given the molar mass of the salt.

2. Repeat the procedure in part A, using 3.0 g of the unknown salt in place of NaOH.
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Tf > Ti: increasing in Temp. ...... Exothermic LN 5l
flows out of the system

AT (+)

(-ve) sing should be added to the value of 2H that is calculated

Ti > Tf : decreasing in the Temp. ...... Endothermic  :\=¥wle
flows into the system
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(+ve) sing should be added to the value of AH that is calculated
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The heat of the solution should be calculated while the calorimeter is
closed tightly F1enl Takae

NaOH : that used in the exp. is hygroscopic so that it should be
weighed & use it fast
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1) a 2g sample of solid CsOH dissolved in 200ml of water in a calorimeter . The
temp. of the water was raised from 22.3 to 23.4 C, calculated the heat of the
solution in KJ/mol . Assume the S.P.H of the solution to be 4.184J/gC & the
density of the solution to be 1g/mol ?

mass = 29 \.=22:3 ol = Muourt DH= -moss % 5.p-H % pT
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A, =1 SpH=UI e R
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o.0l33



2) a 2g sample of CsOH reaction with 200ml of aqueous solution of HCI

in a calorimeter , the temp of the solution in creased from 22.3 to

24.3C calculated the heat of the reaction in KJ/mol? Assume the S.P.H y
of solution to be 4.184 J/gC & the density of the solution to be 1g/ml

mags = = mass
M&Lk‘ 23 \,:22.3 St = Vwafzm DH@Y‘ o *5pHe nT
\L’J‘/,Q‘M;\ T)_=2b('3 =1 #@-Q&:Daaj =-202%x U.1QU ¢ 2
Moves = D420
J i S.p.H=Y.lgy ot fiop = 2400 20209 DHﬁm—_ -14%.336 3
af
waten AT 2UT = 508 =0 6" ””_2__—_0.01';3
U4
AH - -15‘10,396*\0-3
°J°’33 e Iﬂ-‘bbq k’s /mgf

-) calculateda Hn?

pHn = B AH g
= -h-0q - [-499) = -STF2 KS el
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Calorimetry

Report Sheet

Part A: Determination of the heat of solution of NaOH (AH1)

Data:
Trial 1 Trial 1T

1. Volume of water
2. Mass of water
3. Mass of NaOH
4. Molar mass of NaOH 40.0g/mol
5. Moles of NaOH
6. Mass of solution
7.  Initial temperature
8.  Final temperature
9. AHj; of solution
10.  Average AH;



Part B: Determination of the heat of reaction of NaOH with HCI (AH2) and the heat of

—

© ® N v oA W

—_—
- O

Part C: Determination of the heat of solution of an unknown salt:

AN

neutralization (AHn)
Data:
Trial I
Volume of HCI solution
Mass of HCI solution
Mass of NaOH

Molar mass of NaOH 40.0 g/mol

Moles of NaOH reacted
Mass of solution

Initial temperature

Trial I1

Final temperature

AH2 of solution

Heat of neutralization (AH2-AH+)

Average heat of neutralization

Data:
Trial I
Volume of water
Mass of water
Mass of unknown salt
Initial temperature
Final temperature

AH of solution

Trial 11

Average AH

Show your calculation for Trial I:
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