EXPERIMENT (1):

EVALUATION OF ERROR, ACCURACY AND PRECISION
» Experimental error (Ax) is defined as the absolute value of the difference between
the experimental value of the measured quantity (x) and the its actual value (xo).

Experimental error = Expcnmcntal value — Actual value
[x-— Xo|
(b o) Lt t}»—-’ ¢ & avsed
o The percent error is the ratio of the experimental error (Ax) to the actual (x) value

multiplied by 100.
Y, Experminal Error Ax
v E 1!/: - e —
rror % <tual Value X 100 Error(%) = XlOO‘

1G
o The precision of a measurement is a measure of the reprodumblllty of a set of
measurements, and is recorded as:

L, 231l cuﬂ
_ ‘_ - | a2 LrAe € oo
) tpend @ ;. Precision = measured value £ Ax

Olccm:qc_\j
T =—=9 The sxgmﬁcant figures displayed on an 1nstrurnent are an lndlcatlon of its

Gy ,J“s\ U precision.

Part one: Evaluation of percent error
In This part, a substance will be weighed and the percent error will be caIculated

- Equipment and reagents
1. Balance
2. Beaker i
3. Known weight Object «( 54
Procedure
. 1. Zero the balance .
-+ 2. Weigh the object . Record this mass as m.
" 3. Record the balance precision as £ Am.
x4, Calculate the percent error for the mass of the salt.
i/~ -5, Record the salt mass with precision m+ Am.

Results and calculation
1. Tabulate the results:

m(g) Am(g)
0.13 001

2. Calculate the experimental error, error percentage and precision.

v v '
Am=mi-m,| Error¢y)

Am=\0.3- 042\ 12 Errer(z)=2% x 100
-— Y O\
(Erroﬂ%)s 2;3'3%’\ '

Xloo Precisionz measureg| yqiqe +Am
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Part two: Determination of accuracy and precision -~
In this part, the average mass m the cxperimental error in mass (Am
crror of the measured mass (m %), and the accuracy of mass mcasure
determined as follows:
* Determining of ™

), the pereent
ment will be

my + my 4 mig + ook My
n

nm=

n is the number of measurcments,
¢ Determining of Am:

“9_-)\ C““*’J C= Am Mmeasured = Mpetyal

* Determining of m%:
m%= 40 100

Argmazmi\ & —
Determining the accuracy of measurement:
Accuracy in m value = m+ Am

Equipment and reagenfs
1. Balance. .3, 50-ml flask with a stopper

2. 50-mL graduated cylinder . 4. 25 mL graduated burette

Procedure

1.Weight an empty beaker and record the mass as Memgpty beaker :
Into the dry beaker, add 25 mL of distilled water measured carcfully by a dry

50- mL graduated cylinder.
2. Empty the water from the beaker and repeat the above steps two more times.

Weight the beaker with the added water and record the mass you get as Mbeaker and water
4. Repeatall of the abovc steps using a dry 50 mL- graduated burette . :

Ll

= Mbpeaker and water=Ilempty beaker

Results and Calculation
T o Tabulate the results.
" ’ mi m2 m3
praduated cylinder 23902350 2350
burette 2492 |24-9] 24.78

£ Calculate the average M , the experimental error (Am), the percent error (m%), -
and the the. Accuracy of the mass value (7 £ Am)

¢ State which is more accurate the graduated cylinder or the graduated burette? ’
e (: the 3mdmf@cl burette i mere acc_m-u‘\’e s )

bureﬁ‘e, %mmed
4.9 +24.73 _ 13 (;3 iidey
m = &‘3:_‘23—'1%—?'—-——-—' 224, 8‘7 | o 904—1’; 5042350 _ I
f/\/—w\/\’__‘_ﬂ
NPT - — i S i e . - = =
P i o s T L
{37 _ i
il = s 1100 = 0,57 % =5 gk 00 = 5.8%
‘ Accur¥acy=23.63 £1.37

W—W
ACU*"'QCﬂ = 24,87 * 0\\-3
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Determination of density directly by calculation of volume and weiglﬁng mass
of a geometric specimen .

Theoretical information
~ » Example: Specimen (massive cylinder)

4
r
Y

* The mass, m, in grams, is obtained directly by weighting the specimen (massive

~ cylinder) using the balance,

* The degree of precision is calculated from the Am.taken from the balance

" (precision) and from the measurement tool for volume (precision) using the
following relation: - - g :

: ' ' \tq ot
Procedure o S : ;

1. Using a proper an accurate ruler, measure the length (L) and the diameter of the
‘ ¢~ Specimen (massive cylinder) (D).~> 1.1 ]
16 34' %Wei gh the mass (m) of your specimen (massive cylinder).

Results and calculations F o
£ . 1. Report your measurements as follows:
e e S TP T
' ) cm cm m
3 > : : ,
=09 T e
; :_.:'.7:( ' ’ o) = A . ' L 4
2. Calculate the volume of your specimen (massive cylinder).
= "N an2y w9 _ 722
e Volume =@; = Tt % = =1.3 Cm? ;

$ o &

3. Calculate the density of your specimen (massive cylinder).

e 83
- Density = == 1 Ben? = 2.08 3/(‘.%13
‘.:_’ _ g [N

15
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4-Tabulate your errors of measurements:

Am (g) AL(cm) [ AD (cm)
0.0l 0.1 0.1

Am is the error occurred during the weighing on the balance.
The figure below shows how you find the value of Am
is taken as follows

m=2340+0001¢ i

AL and AD are the errors occurred during the measurement of the length and the
diameter of the cylinder using a ruler.
The ﬁgure below shows how you find the value of AL and AD

" The abovo guc ows t sremnnt.
The correct reading of thie first is 6.2 cm+0.1 cm
The correct reading of the second is 6.8 cm + 0.lIcm

4. Calculate the error 'in the density (Adensity), and its accuracy:

; '.-4‘.‘.

\L&\ ) ¢~ ADenszty +denstty +AL+ m] -+ 9.08

oI % a.01
|q té.3¢4

—
—

EL 08 (0 09 "'0 05+o. 0006)
The accurate deﬁéity=densityiAdensity . AD s §e 2}3

aceurate 'densffj = 903+ 1\25

16
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Determination of density by displacement of water

 Theoretical information

= When volume of an object cannot be calculated by a mathematical cquation, or if

; it is desired to determine the volume without using the mathematical cquation, it

can be determined by water displacement. -
Procedure .
(Here you will determinc the volume of the same object used in the first method)

g - 1. Pour water into the graduated cylinder. Record the exact volume as V.

L 2. Place your specimen (massive cylinder) which you used in the first part inside the
graduated cylinder. Record the new volume as V. _

(Because you object is the same object used in the first method, do not weigh it, but use

the mass you obtained in the first method)

Results, calculations and comparison
1. Report your measurements as follows:

[ V(small cylinder)

The specimen

Vi(em?®) -| V2 (cm?). m
20 22 1634

2. Calculate the volume of your specimen
(massive cylinder): '

3
V=V;-Vv; =22-20= 2Cwm

3. Calculate the density of specimen (massive cylinder):

Density=% = (€.3%9
2cm’

D=8.17 g/cm

17
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Evaluate the values of Am AV and AV; as follows: -

Am is evaluated exactly as described in the first ,
mcthod of this experiment. Meniscus (Vo)

[" Lo GG <) 3 Av,25 9 gm‘i_m;_gg’t‘”\"‘;)' Az} T 20 ‘t‘?j

Eye fevel

T

[RLIRR

\ % Menieus(V )
AV) and AV; are cvaluated as follows : A / B
&

e

1 Iiil{l

AVI =Av2:AV‘1t! uated cylinder

AV gatusad cytinder is Written on the top of the cylinder.

X i .
30 ) Meriscus (V) Nemon(Yss)
If not written it can be cvaluated By using the
following equation:

Vmax = Vmin

"',.,‘“.:J <& A,Vgraduated cylinder = —
2 \As is described in the scheme 2 g = a »
& X - thﬁ-)\ e_i‘zn.\ 3?

4. Tabulate the values of experimental etrors:

AV AV, Am
0.5 | 0.5 0.0

5. Calculate the error in the density (Adensify), and its accuracy:
e ty[AVL 4 472 am |
ADensity = tdensity[’ e n’:’] . | o
0.5 05 ¢ .of _ = *+0.39
s ST (-.Z—,; o “g{-_ff{&i&- - -AD |
The accurate of density = densityﬂ: Adensity
L .
~

6. Calculate the absolute difference between the densi

ty determined by this method
and that determined by the first method as follows:

Adensity = |den5ity1'irst method — denSitYScond methodl

Ad%si’[ﬂ = 903 —*_5-17 = (.9 Cb/(.‘.h‘l‘3

—-'-—“

18
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Third method

Determination of the densi
Theoretical information

w @ﬁay&y i zU\[yﬂﬁW@Ab\:@\b}‘é&\;
- Sol5S 5 201, e | radias Mo
Lt*ﬁbgr’b*’.sk&&"/?\?{st—‘hf’” :
ty by adjusting the density of a fluid ) Tosyn 20N larsts S\RU

\ 2700 000 BAT Wby ST
(Volume of an object can be obtained not only

by mathematical cquation or by water displacement but
also can be determined by this method.)
The idea of this method is based on the fact that when an object (that does not swell or dissolve in
the fluid) is in a fluid it takes one of the three following situations: e
Fist: if the body is heavier than the fluid it will sink down.
Second: if the body is lighter than the fluid it will float up.
Third: if the body and the fluid arc of the

same heaviness, the body will suspend in the middle of
3 the fluid,
" Procedure ' _
1. Weight a wide 100 mL -graduate cylinder. Record its mass (mgey).
2. Pour 50 mL of water inside the cylinder.
3. Immersc a cylindrical specimen in the water inside the cylinder,
4. Fill a scparation funnel with a saturated solution of the salt.
5. Slowly and carefully and gradually, pour the salt solution into the graduated cylinder. Usc a glass
stirrer to insurc that the added solution is completely mixed with the water. )
6. Continuc doing the previous step until you see the cylindrical specimen is positioned in the
midpoint of the cylinder. :
7. Get the cylindrical specimen back.
8." Read the total volume of the solution remained in the cylinder. Record this volume as final
volume (Vsoluion) - .
9. Weight the wide 100 mL-graduate cylinder with the remaining solution. Record its mass (mgea).
Results and calculations
1. Report your measurements as follows:
mgcl (g) mgcz (g) vsolulon (cmS)
2. Calculate the mass of the solution (Mgguion):
Mgolution = Mgez — Mpey
3. Calculate the density of the solution which is at the same time equals that of the cylindrical

specimen.

. . Mgplution
: P ; = ity of the solution = —=2iutien
Den51ty of the cylmdrzcal Speciumen Dens yo soluion

19
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REACTION STOICHIOMETRY: DETERMINATION OF
THE LIMITING REACTANT AND YIELD PERCENTAGE

Objectives

The objectives of this experiment arc the determination of:
1. The limiting reactant.
2. The percentage of the yield.

Theoretical information
"

2IICI (aq) + Na:COs(s) — 2NaCl (ag) + CO2 @ +1:0 ()

The balancing coefficients indicate that there is a 1:2 mole ratio between Na2COj3 and
HCI. This means that for every one mole of sodium carbonate that reacts, two moles of
HCI should react and two moles of NaCl should be produced. ‘

Safety | | g

e Be careful when handling the hydrochloric acid, it can cause chemical burns to
the skin. ‘

e Ifany acid spills on you, rinse immediately under running water for 15 minutes
and report the accident to your instructor.- -

e -Acid spills may also can be neutralized using sodium bicarbonate solution on the .
sinks. ' ‘ : ’

e Besure to exercise appropriate caution when using the Bunsen burner and

" bandling hot equipment. ‘i gn
6-02Xl1o

Materials and equipment ‘ {al s it st ) \ %
e Sodium carbonate (Na,CO;), 2723 P )).Q Cfﬁ - & 3') \ OB'QJ :
Hydrochloric acid Solution HCI (1 M) ' . . > gy
Bajlfance. 5 0'/\-9)_3)\"/)5\&? a\t’)}
Evaporating dish. : -

Watch glass (to fit as a cover for the evaporating dish),

Stand and ring clamp and wire gauze. '

10 mL-pipette

small beaker :

Bunsen burner or hot plate

FEN gl B o T (5SS Lams A
o e x0)s S\g) G2

g 85 D 0V Ly Y 500 M S S
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1. Measure and recofd ourelean dry evaporating dish with watch glass.
Record this mass

2. Carefully weigh o-the evaporating dish. Record the exact

'y Record the exact volume/as Viaiztoml ~> 0. 0! =
ot 4. Add hydrochloric acid dr i
dish.

(The reaction will be evident by the bubbling that takes place .)
5. Carefully mix the reactants after every 4-5 drops of HCI. .
Continue adding HCl to its last drop.
(The reaction is complete once no more bubblmg is noticed. )
7. As shown in the figure below, assemble the stand, ring clamp and wire gauze
apparatus for heating, :

rbonate in the evaporating

.L.
o

Wath glass
Evaporator -

“dish .
Use as cover for

" evaporating dish

é*"{i ety Al

Ring Clamp ——; i
Wire gauze

‘Benzen Bumer

Stand \‘

- Outtogas

i A el Y A bl S

8. Cover the evaporating dish with the watch glass and place it on the wire gauze.

9. Carefully heat the solution in the covered evaporating dish with a Bunsen burner
flame in order to remove the water generated in the reaction (as well as  any -

Shve e excess HCI present). - P :

; (The flame should be ad]usted to alower temperature and wafted under the

evaporating dish constantly.)

10. Continue heating until the contents are completely dry. Note that the watch glass
cover should also be dry!

11. Allow the evaporating dish to cool to room temperature.

12. Measure the mass ofthe evaporating-dish + watch glass + residue (NaCl). Record"

the exact masyas (pm:.ltlll:t) =\|% 23 ﬂ
m '\'o*g‘

21
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-Results and calculations
Tabulate your experimental results:

2l
Myazc0, (g) na (L) M HCI ( mOI/L’) 2 “bM
0.9 10l = 0.0V \ ye\ar —

(Molar masses /g mol-': H = 1,008, C = 12.01, O = 16, Na = 22.99, Cl = 35.45)

1. The limiting reactant

* Todetermine which of the reactants is the limiting reactant, number of moles used
in the experiment (nNa,co, ) and (nuc) must be known.

C‘l)yoamba's@ o MNa2co3 °
Alpt 5190 @@ MWnazcos = (23x2) + 12 + (16x3) = 106 g/mol

085
06

Z).\)a-o»sbéa\'é — | = 1% 0.0\ = 0.0] ymol
A0 L svg HAQ
" e

® DNNa,co;and nua must be divided by the coefficient of each reactants in equation.
* Thereactant which gives the lowest quotient is the limiting reactant, '

NNaz2c03 =

= 2.3 {O*vao\

wazcos _ 3.3 A >
1y

-3
= 3.7%0 ‘yol (\owe,gf)

.Tch[_ 0.0‘ = -%
‘—2—-— 7 - 5)(10 Yﬂ{)\

Sp.thc limiting reactantis [\, 1603.

22
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;5"5)( 10’?--- mole of Na,C03 ————» X mole of NaCl

nﬂab\

-

.. 2. Theyield percentage .= _ e

¢ Calculate the mass of NaCl prodused (mwac):

Mpaclactual = MTOTAL(product) — MINITIAL

118.23 - U796 = 09-73

—
—

e The consumed amount of the limiting reactant will be used stoichiometrically to
calculate the amount of NaCl that should be produced lhcoretlcally -

. mole —> ...mole

o Moleewlarw — X
mol-w,mgf-ejmg—\

33)(\0'3% 2. = 6.6)({0 TVLD\

1 mole of Na,CO;3 ——>—(?> 2 mole of NaCl

X mole of NaCl (n wact theorical) =

‘Determined (MNag, theorical) using the following equation: . -
Myt e T f\ }\— 2
M\ Wpd MNaCL theorical = I NaCl, theorical X MWy act A MWE’_‘E‘—;B + §5 5 = 58.5 g/mol

IMNaCl, theerical = (,6 X[o’.}mb\ X58.4'5 \=0 ~38 6 ‘

ntage of NaCi-c.:an be calculated by the following cquation:

25 \ =m0 =\
1eld%—‘£n‘mcumﬂ— x 100 9 b Eas

NaCl yi | - MpaCl, theoretical d& l}v‘)\ 'Z\SJ"*‘\

e The yield perce

__.-—""____"'-""

Naa gﬂu/ xtoo 7| % 339.14 L&,oéba 5-2

23
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7 EXPERIMENT (4); = SO, b G Usnasa S B
‘ e —

DETERMINATION OF THE TRANSFERED THERMAL
ENERGY:ENDOTHERMIC AND EXOTHEMIC

Objectives .

Measurcment of the amount of Heat (Q) change because of mixing of two substances.
Theoretical information , '

* Inthis experiment, you will measure the amount of heat involved two mixtures

p -~ (solid-liquid and liquid—liquid).using the following rclationship:‘

( J as\b) ;ll"a-”w<_Q=mxpx(Tﬁnal-Tiniﬁal) \

T wsS P 1 lgso o
ds> Where: = N AN\ o —> E:’__l" i f)\}” ‘--A"" ’;gj?
m is the mass, in grams, of the solid or the liquid substance. o5Ul Ay f ‘J’ o5 e 7 ;

p is the specific heat (°C/1.g). ' T

o \ ero)g oD gio B2 )2
Tinal and Tinisat are the temperature at the before and after the mixing 7
respectively. ' -

- * When two substances having different temperatures were mixed together in an
2 1212L3X o adiabatic containar

(3 jxalv Q__A;,) and its sign will be positive (QEndothermic) and that 'having the higher temperature
: ) loses the same energy and its sign will be negative (Qkxothermic). ' :

e S Endo = MM X b 1X (Tt~ Tigitiay)
o d l— %.Exo=mz X 32" gﬁml —Tinitiar)
a1 AL | Qe =~ Qerg
Materials and equipment '
Water '
3 W Glassrod
prras sl E; o Stir stick ,
E 250 —mL beaker
Balance

oo Thermometers (0 - 100°C) ,
"~ two large styro-foam cups — A iy
100-mL graduated cylinder
Bunsen burmer or hot plate

:‘5)\};
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Procedure: i oo e b
Y ’\Dmﬂ\

C '\,;/ _ia0a*

Part onc L
(NOTE: Considering Hu;‘dcnsii_r of waler is 1.0 chmf,) ;

1. Weigh out 100 @ of water and put it in a 250 -ml beaker. Record its mass as
Myater o
Record the initial temperature as Tinital water .
Weigha glass rod and record its mass as Mrod.
Put the glass rod in the heated water,
After waiting for onc minute. Record its temperaturc as Tinitial,rod.

6. Take the glass rod at Tiiaiod outside and insert it immediately in the previous
LAl ¢ styro-foam cup which contains water at Tinitial, water.
7. After waiting Tor one minute, record the new tempcrature as Thinal.

Results and calculations

YA W

9a%c: G\ L B\ Box >
1. Tabulate your results as follows: .
y /

My ater Tinilinl,walcr Myqq4. Tinitial,rod Tipat
l00g| 25c |2.424] 94°C [pssC

2. Given that pwater = 4.184 J/g °C, proa = 0.836 J/g °C and from your tabulated
data, calculate the heat quantity changes, in the units of Joule, as follows:
* First: Heat gained by water: ’

: Qwater = Mwater X Pwater X (Ttinal - Tinitia1) 7
Q watey = 1009 X +.184 347 x(25.5°C-25¢%)

Qi 2;52

* Second: Heat lost by the rod: 1

Qrod = Mirod X Pgtass X (1 final = Tinittat)

Qg = ’
Yool = 2.+83 X 0.83¢ 3/4°C X (2552-947)

Tl 203 (45 eV B, LS Y
—,\...ﬁs;c'_@dﬁwaf";‘-f"s = o |
. )9‘555;96:?9&?\ ’B)M\gs\....b M\%‘)\J’a\@"i \ &
m) D e pbs pLBul pie cand Uy 5 V) LD e sora (£
) 25 .
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1. In 250-ml beaker, put 100 g of water is heated to its boiling temperature. record the

temperature Tinitial,Hot water
2. Ina separate beaker, add about 100 mL of water at ambient temperature. Record

this temperature as TinitaLwater. :
3. Add an amount of the water at Tamiext to the hot water. Record your temperature

as Tﬁnal: 7)-
74 7H
f\\ =
Results and calculations @

1. Tabul_ate your results as follows:

Myater Mhot water |  Tinitial water | 1 initial, bot water T finat

joo g 50 o 2sc*| 94c® |45¢”

2. Given that pwater= [lhot.water =4.184 J/g °C, and from your tabulated data,
calculate the heat quantity changes as follows: -

o First: Heat gained by water in the units of J oule:

Quwater = Myater X pWﬂtﬂ‘ 2 (Tﬁﬂﬂ Tlmtlal water)
Qualey = 1009 x 4+ \8AT/HCX(4-5E — Q.SC.)

, XQWQ-‘-QP = &26&3‘
° Second. Heat lost by hot water in the units of Jo

Qhot water - mhot water X Phot water X (Tﬁual i Tlmtml. hot water)

 Qhat wate; = 50g X 4.184 7 /5% ¢ (45C — 9 4°C)
QreTwatey = — \0250»8 3)
3. Depending on the previous calculation, calculate the mass of water (Mvater) You

need to add to your tea in order to make the temperature of the tea low enough to
be drinkable: (Consider tea as hot water, Drinkable temperature is 55 ° C) .

: O BD G5 =T ]
C)Ap 2\ \ )‘& R (. water =~ Qea G‘JL“obADJ-bJ\ ' *

Myater /p“‘/ (Tfina — Tinitial,water) = — M hotwater * P/horé;r X (T finat — Tinitial, hot water)
Q x 4.8+ x(55-25) =~ 80O XH124X (55-94)

G ot XCF : ) I - e i
v’; - t)? < water ’ (Tﬁnal Tlmtlal water) y))i
?) é" :.
o2 " ; 50 A(55-94%) J 50X —3‘} > ¥ =1950
cmsalls Ll (S5 sl mass] wWaler =7 -
massofhotwatergimassofwatero.co.ualTSaflg,m r C55 15’) 30 30
3, & ) dguad a3 0955 - + dade (3}
1,201,206 Lgs W|w§:ijlfia:lajlwg§j quTQp = 653
(i) zl ol (Cuns) Jslall Ja .26 e
: v

¢5Cdl oC oM 5,2 82,0 MR AN (e J;:'aj\ Vo Gle ) S L3 qﬂ
- ojdb(y\s@m-\)
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EXPERIMENT (5); mu“,uox\& G\ 9

Graham’s Law of Gas Diffusion )\_b &

Graham’s law states that a gas will effusc at a rate inverscly proportional to the square root of it’s

molccular mass under same conditions of temperature and pressure .
- sy 7y

g ; ' 3T a0 Yo
| > R AT W‘gﬁ;{d\é)y! O\ -)9:)
VT or'”J TR g T o
el F:TJZ
(‘/ .—‘\;5)‘

Ve tatio
domt!

o —

(L,,o\),)t....u ¢~ N

Reaction Equation : NHg +HCcl — NH+C|

Ghraham Law for this reaction is:

LNHS \/ Mya _ dyci
Luct - \F NH3 \/ dns

‘Maiterials and equipment
Gléés tube (40 cm x 1 cm) Two stoppers
HCl and NH4OH solutions . Cotton

gp ks il o B3l
VH3 + 20 '

5\ . 27
e U ‘_C_'?
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“Procediife: ~ - e
Lh
2
3- Atthe same time, inject cqual amount of cach solution in the cotton (one in each side) and close
them quickly by stoppers.
4- Observe the'formation of white smoke inside the glass tube and mark it with pen.

S- Measure the distance moved by each gas (from center of the cotton to the white smoke).

Put the glass tube in horizontal position as in diagram

Insert the cotton in the ends of glass tube.

‘Results: : e
1- Distance moved by HCl gas (Luc) = |14  cm. _C_} Cvy = 0o Larls ', X
2- Distance moved by NH3 gas (Lns) = 2 om. ; _.{—_JJJ I F—S:’ Ug"\ S

o % C? 095 L)

- Molar masses (g/mol ): H=1 , N =14, C=12, Cl =355
Mucy = 14355 =3¢.5 7

Calculation : /W\ NHy= |4 + 163 2|7
1- The theoretical ratio between the molar masses of the two gases

Wi M) _ V365 | 4-6 ‘
JM “V17 T = |
MNH, r
- 2- The measured ratio between the molar masses of the two gasesEX) = L”"’ ’
HA

W & L - 26 = (.86
L wci [y —

" 3- Error percentage :

‘ }.4€-1. 86 o
o =% x 100 = *27.\ 7,
'Erf"or‘é .46 —————

Y—-X
Error % = +—Y:— X100

| L (MG M3V 08) RS s g
OQuestion: N ¢
#¢ Unkiiown gas faster two times than methane (CH4), calculate its molar mass?

“‘ | CRaSates { '
Y] = Mg_ 5 ? JMCH4 } M i\Z\I—M—\;ukz ' N\U k: 4‘ _____2
A unk( i sl
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ENTHALPY OF REACTION: HESS’S LA RN
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Theoretical information

* Hess’s law states that the enthalpy of any change (physical or chemical) in any

system depends on the state of the systen before and after the change, and it

never depends on what path the system went through to accomplish this change.

* In this experiment, you will measure and compare the change of Enthalpy
involved in the following three reactions:

u

NaOH(s) + HCl(aq) — NaCl(aq) + H20(J) AH = AHj

REACTION 2: \
NaOH(s) + H,0(!) — NaOH(aq) AH = AH,
REACTION 3:

NaOH(aq) + HCl(aq) — NaCl(aq) + H0() ~  AH=AH;

. ® [Itisclear that because reaction 1 is the sum of the reactions 2 and 3,
(AH)) = (AH2 + AHj) '

Objectives
* Measuring the reactions’ enthalpy and verifying Hess's Law. -

Materials
Solid Sodium hydroxide (NaOH) .
0.50 mol/L sodium hydroxide solution
0.50 mol/L Hydrochloric acid solution
0.25 mol/L Hydrochloric acid solution
Balance
Thermometer _
styro-foam cup calorimeter.
100-mL graduated cylinder
% 2 Small beakers
~*©  50-mL automatic burette
50-ml graduated burette
Safety 5% -
#+»  Avoid direct contact with hydrochloric acid and sodium hydroxide (BOTH ARE
CORROSIVE).
 If any touches your skin, wash it off immediately.
¢ Solid sodium hydroxide is especially dangerous because it absorbs moistur
rapidly from the air, forming an extremely corrosive liquid. ‘
 If solid sodium hydroxide spills, clean it up immediately.
e Always keep the bottles of solid sodium hydroxide securely closed.
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