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First Course experiments

1- Finding the molecular weight of a volatile liquid (Domas method).
2- Relationship of gas volume to temperature and finding absolute zero
3- Finding the viscosity of the liquid.

4- Finding the calorimeter constant.

5- Finding the heat of neutralization (strong acid and strong base).

6- Finding the heat of neutralization (weak acid and strong base).

7- Finding the electrode potential of magnesium by a thermodynamic

method
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[First experience }
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Finding the molecular weight of a volatile liquid using the

Dumas method

The theoretical part:cgJ-Eam s )

4 e axe e yllaie Jilad el ool alagl 845, skl 38 dpeal uSas
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il Bl sle ol Hlaely) @l 3lall aladl o gl Gaadai DA (e el
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‘ PV=nRT ‘

PV=nRT
PV=WtU/M.Wt RT

Whereas:

P=atmospheric pressure

V= beaker volume =Vapor volume
n=moles = weight/molecular weight
R= General constant for gases

T= absolute temperature
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The method of work:Jexd) 44, jha
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The aluminum sheet is punched with a pin (to get rid of

ﬁ_—_—‘] e | air and to equalize the internal and external pressures)

round flask

3 ml of volatile liquid (unknown) ||

A water bath with a temperature
( 100C of o boiling.

Electric Heater




Calculations :<lLilaal)

We apply the general gas law:

PV=nRT
PV=Wt/M.Wt RT

P= (1 atm) atmospheric pressure

V = volume of steam = volume of the flask in (ml) (converted
to lit)

number of moles= weight/molecular weight

where:

W1t = weight of liquid vapor = (weight of the beaker with steam -
weight of the beaker empty) and its units (gm)

M.Wt = the molecular weight which is required by the
experiment and its units (gm/mol)

R= L.atm/mol.K and its units 0.082=for gases year constant

T = boiling point of water bath = K(273+100)




[Second experience J
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The relationship of gas volume to temperature and
finding absolute zero

The theoretical part: s il ¢ jal
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S W) e A gladiall agaadl 1 (o) el daail) Jalaa Ci my ¢330 3 ) jad)
Ao )alall udly 5 ad) daa daa Baly ) ale lafal) (il daal 4GNS
) asaad @l oA g anal) daadl) Jalaa A JAa g Jatual) < gl

axall 313 jy Jaidal) gl aa (1 C0) A (0C°) e B sad) A o ad ) aic

(AV) ey
AVaV.
AVa At
AVa V- At

AV=const. V. At
AV=,, V. At

ov=AV/ V- - At)

av=Vi-Vo)/ (V.. Aty =1273 =1/k =k
-3, .

av= 136610 K
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() daail) Jalea
The volumetric expansion cofficient
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a0 e Gl av ) enall 2aail) Jalae (g jo3 (e aaDly
axa ) Cua ladadd A 3 gall S ol &l Y @l g5 ) jall
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Vo= volume of specific mass of gas at zero degrees Celsius.
Vt= volume of a given mass of gas in degree t.

Vi=V,+V, a, t— 5 (1)

Vt=V, (1+a, t)—/— (2)

at a certain pressure (V1,V,) there the volume of the same mass of gas
at two degrees(ty,t,)

Vi=V, (1+ay ty)———(3)
Vo=V, (1+a, t))— (4)
And by dividing equation 3 by equation 4 we get:
Vi IV,=Vo(1+a,ty) /V, (1+a, t,)—>(5)
In short, the value of Vo becomes:
Vi IV= (1+a, ty) /[ (1+a, ty)——>(6)

Substituting in the value a =1/ 273 we get:;

9




Vi I Vo= (1+1t/273)/ (1+t,/273)—> (7)
Vl /V2= (273+t1)/ (273 +t, )% (8)

T,=(273+t;) :that where
Absolute temperature

T2=(2-73+t2)

= (9)

\'Z T

Lol ol Jazaza die ladl (e deS (6l ana ity (9) Alalea (38
JOLE Ol pamns 3l pall da 3 e b2k
t=-273 dic 58 vaall Guliall Glladl jaeall (8) Uabeall Caus
T=00) S
:cjr_ oy Juld Q}'a\ﬁ s g
VaT
V=KpT—> 10
4 g dy ) a A py die jhiaz dddhaIT S 1A A (10) Aabeall ol
t=-273

10




OV iy Al o3 e J paal) (Sa a3 Lainy=0 pasl (s
Sl iall 11 el 0 ciboay & Jils I sy e sl
L Adma Bl e da ) die maay s Jddy () 5l

The method of work:Jesd) 4,k
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Burette Aopen

thermameter

Burette B closed

litter
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t°c | Vt=V-volumeof leakage+ (volume ofair =
volume of Round)

30
40
50
60
70
80
90

H:I::VD"'VD av t

Vi(ml)

Calculations

For the graph equation

]

/ Slop=Vo av

| o

degres of
ab=gluie zere

av Vo = Slop

oty o oatey hm

ek craming Tk chraming

Slop

tce

Calculate the value of Clv ( the volumetric expansion coefficient)
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[The third experience }
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Finding the viscosity of a volatile liquid and finding the absolute and
relative density of a volatile liquid

The theoretical part: g &ill ¢ j
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—> (9

whereas

@) is the proportionality constant and is pronounced (eta) and it is called the
coefficient of Viscosity

s sk A (poise) O sl & A g ) bl Bas g

(CM?) diabus Jilo dika &by ail 4 3D 5 81 a5 (dyn.cm™.sec)
dpand Gela (1om) 2 Ao A Ak ) ol (1em/sec) 4 g
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: The method of workdasd) 43, 4
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L Capillary
" tube

Viscosity law:

N1 Volatile liquid ( t1 d1)

N2 Distilled water(t, d, )

n 4 = viscosity of a volatile liquid (N/m? sec)

n, = viscosity of distilled water ( N/m’.sec =8.909x10")




t1 = liquid descending time (sec)

t2 = water descending time (sec)

d1 = liquid density (Kg/m3)

d2 = density of distilled water(Kg/m3)

- Density must be converted from g/m3 to Kg/m3

Finding the absolute density and relative density of a
volatile liguid

asaall sas o AWK 1L (Absolut density) 4dllael) 285K (s a5
(g/cm®) s (kg/m?® ) sas s i
anall/ALS) = dillaall Z3ESY

A (aUaiall JiLudl) 3alall 28US : (Relative density) dxwdll 486<])
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TR A ) e iSOl ensd Aasaay 311 aladiiuly A8USY s

: The method of work:Jdead! 48, b
s o) e L 3 ( Al 5 R JAAAS) A1 305 -]
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Calculations:<tibwall

Law of absolute density and relative density
Absolute density of volatile liquid = wl/v (g/cm®)
absolute density water= w2/v (g/cm3)

w1l = weight of the volatile liquid

w2 = weight of distilled water

v= The volume of the liquid, which is equal to the volume of the density bottle

Relative density of the volatile liquid = d1/d2 or wl/w2

Note: You must convert the density from g/cm® to kg/m® By multiplying it

by 1000

After calculating the absolute density and the relative density, the values should be equal or
close to each other 19




[ Fourth experiment J
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Finding the calorimeter constant

: s il ¢ 32l The theoretical part
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Ca ol 13 (ulily (guloal) s ginall ) LIENL) o0 80 all das
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. OSadla J8 @J&\ aaall UJ‘

20




G O A gl Ga ik o) digal Haa sleg o Bie Ry
S $5 g sl (B e pdagay Adallly JAI) (e Anlhag o) ol
A ) cudAl) Bake

cork

/

Glass > Thermome

road

. — pol

¢ srwall Jas JAsa

alall) 1 ABall AN Cuan Jgjmall lial) Al 3 A8 Bis i
g jad) ABla (b AUALY (e Cma s 3 ABUa cudla ) 1) GUA daii g o oty g
Cdedl IRl @l o) qaay LAY

Lagla S cha e o JoUE £ a0 DA (e JoUN 5 a (uld oL
:Oﬂ&PM‘gA&M‘J‘ﬂ‘OA

o) Ainaial) 3) ald) dsaS = Jeldill £) ja (pa dualiaall g) ddnial) 5 ) ald) 4sas
uasal) (e dualiaal)

OJSSeSLAS(Z\ﬁJ\Jﬂ\M\)j\M\Qg&gwug@uél&&,\uwdﬁ
(C) Wilu

21
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Specific heat = heat capacity / mass

Cs==....C=Cs.m

m

C= heat capacity, m= mass of matter
q=Cs.m. AT

g = amount of heat

gp=C.AT ....Q1)

dp = as the measurement is taking place at constant pressure

AH=qp ....Q2)
AH = C.AT

_ AH
C= AT

Where as : C = colorimeter constant (cal /c® or Kcal / k)
AH = enthalpy (Kcal or cal)
AT = temperature difference (C'°) or k
(Te = T)
T, = Initial temperature

Tr = final temperature

22




: The method of work Jesd) 44, )k

Ay i) slall o (100MI) 4 gomsas I ymasal) Calaiy -
JS3oall A a1 gy ala ) e Aand gl il
S eall (sl (30seC)

L3l jhaiall el (138 pall @l Sl (aals (e (3M) iliay-2
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il st (30seC) JS 3yl da )

B3 4l s Jsladll (e (10m) (pipette) daladl i3
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Calculation: Gl

2 (time) ool s (temp) 30 adl 4a o G Akl A8l o s
4l (H,S0,) dileal dlla, g i el oLl Alla

- H,0+H,SO,
Temp At
\\ \a H,O (100ml)
Time

e (NaOH) g sl dalee (0 (H,S04) e s -]
asddl] o ¢ JOA
N1V1=N,V,
(NaOH) =(H,S0,)
IN * V( alsdl ge) = Ny(?) * 10ml
138 2 gonall Alle 5l e e Ialaie] Jsaall (e (AH) s 22
el Gl 518
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The normality of the final solution(N) Amount of heat released (AH)
(Eq.L™") (Kcal)
1.100 0.945
0.918 0.784
0.842 0.718
0.552 0.473
0.227 0.242
0.217 0.191

35353 5l Alla 51l 5 (AH) s (e D80l ans 35 3 6 il 131 Lo
osaall e agee JI 3k an N JUA (e (AH) da 23a5 2 5 J saall

Ul A el Gl 0 518 (8 (i g2 5 Al 255 5 (AH) (X)

N

Calculated normality « - -
value

C =kcal / k or C°

z A% (AL) W) Slall an 3l oh Jsaall e (AH) z) A% 24
(HZSO4) 5 (HzO) O @L\J\ ?'“‘)M e
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[ Fifth experiment }

A ghdaclhy g gd Haalal Jalad 3 ) o A
Finding the equivalent heat for a strong acid and a strong base
The theoretical part : s 5 ¢ jad

Al g Jalad die AIEW) & el o yan :Neutral heat Jaladl) 3 ) s
Jslaa 8320l e el je [ AS 2 5 pa aaall (e 4l je 8lSa
um\.;ﬂ Jalall BJ\‘);Q 23l q

0555 Llee 45 88208 a5 8 (mala (Y Jalail) 3,0 ja ol (i a8
DAY COle il 8 ae o LaS i

HNO; aq) T NaOH (aq) NaNO; (aq) +H,O0 AH=-13.7

oMj@ﬁb&ujgﬁuAANddu\zj\ﬁbﬂ%(-137)dJA.\
el sl asend Joles Jis LY Gl 5 45 dagl

H"+OH —— H,0 AH=-13.7 Kcal

sle p STOH s HY <l gl alad) Jadiy Jalad Jelis JS ) 13¢]
Al Gmalall Al 13 e
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alad) W5 Y ) S il Camial) (aalald) Y Gllh g g gl (aalall e

- sLaa| GﬁbﬁﬁquOH-k._du‘ uy‘)[\ca H+ﬁ,—\%jﬂj\ B
CH3COO H"+Na"OH 5 CH3COONa + H20

In fact, the process is in two stages:

1- CH3COOH ——> CH3COO +H"
D = AH2 (Dissociation stage)

Heat of dissociation

2-H+OH — s H,0
AH3 =-13.7 (Neutralization stage)

Heat of neutralization of the acid

By adding these two equations (dissociation phase and
neutralization phase), we get

AH1 (Nut.) = AH2 (Diss.) + AH3 (lon.)
AH1 (Nut)) =D +(- 13.7)

Therefore, the heat of dissociation (ionization) of a weak
acid can be calculated from knowing the heat of

(neutralization) meaning that :

27




Heat of Neutralization = Heat of lonization

: The method of workdJesd! 48,
<l il Gaals (0 6.5 Ml ge Lhial slddl e 3.5 ml) zowi-1
b ) dla Jlaa e (10 M1 ) pad] lly 5 (S al

GY Aa e Al phand aladiu) g g Jaall 48 Hla 83 5lad aal 3a
(s % 50 e s siny panall adall) laa g 8 (adlall

S g Hua Jslaa e (33 Ml ) 48 pa g s paasall Calaiy D
g s HyO Lhiall el (5a (66 ml) s NaOH(IN) a 02 soal
seC ) JS 51l da 0 Jawi g ala 51 &l jaal) das 5 s
Sl 5l (30

il Gada Jslae e (3.3 M) rsall O gine ) Ciliay-3
sec) JS 5l all da jo Jausi g (1) sshall & juasall Casdll
Sl 5l (30

oo a5 aaall il gina ) Nl Jial (e (il il 4

e and O G 1 el el Glgiae sl OIS 1D ()
10)&;&4\1\;}\ 04 @)tﬂi}\.\j\ UAAB&AJJLMA‘)JQOJDM\
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_.Léédd\.ﬂ\'&)\);
Jaladl) 3 )y + aadnll 3 ) a= AIKT) Al

Ea syl aliy g ) Gl giae S a3l 3 ) ja sl -5
el (30 sec ) dSeoloallda jo Jaudy Hhaia cle (99 mi) 48

& ranall @yl (mala (e (3.3 M) Slay Gl aay & gl
30seC) ISl oallda jy oy yraall il gisa & jad g (1) 3 skaall
RGP TN
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BYSSIUEY

v (3.5 ml)H20 +(6.5 mI)HNO3 con.

=

"

(33ml ) NaOH(1N) + (66 ml)H20

l — (3.3 ml) bl pada juaaadl Jglas o

[ ol ok
—_—
Saal ol

30




A

Calculations:<itibeall

(time)oe ) p 4y A83e o 53 3 52 5 shaall Jaall 48y jla 8- ]

Temp

(temp)s_loadl da o

AN

NaOH+H,;O+HNO3

Aty

NaOH+H,0

Time

(dilution temperature + neutralization temperature)

Temp

AN

H,O + HNO3

Aty

H.O

Time
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(dilution temperature only)
- LA\QJMUJJM\@LBJ\F\:\AJL&MJY\u.uu

At = Atl - Atz

-1 (4) p8 5 shall &3
(v) Baclall lsals ol ane 3

N\

__J.ﬂ':n.-l ___p-u.;'_f-n.rlll MLITij_q ‘_'J_-g_l :_Jl.i 121 ___;_-'J.._.zl ___:_-nl_._ujl -\;II._J_'-.._.-L'\. __;:Jj ‘;_:IE bzl
-:‘-LL_‘IL-i.ﬁjll J__'FI:E- E-.J.E-Ejll A I.T'Ll._u'_'..j
W xW
y= (NaOH ) [ 0.1MN ) Helge miowdilly S il (poala ne
1000 MNi W1 = N2 Va2
33 {Hcl) (NaOH )
Y = * (1N )
1000 0.1 x V = 1 XV
N g
Al
Y= < A%
W2 = 0.1 XV =
(=0 10
M xW
HaoH
‘Jlr —
1000
33 __V
10
= -
Y 1000 (IN)
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AH

AH = Equivalent Heat Kcal/eq
C = calorimeter constant 0.1 kcal/c or K

Y = number of base equivalents (eq)

At = difference in temperature due to break-even

33
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{ Sixth experiment }

Ao g8 Bac B g Limua aaalal Jaladll 5 ) s alag
hmaal) (aalald) S<dil) 3 ) o dladl g
Finding the neutralization heat of a weak acid and a strong base
Finding the heat of dissociation of a weak acid

The theoretical part: g &ill ¢ j
The method of work:Jaad! 43, jha

&5 NaOH(IN) ¢ (25ml) & a5 o slae <l 53 pasa 3315 -]
Sec JS )l allda jo dadiy Hhaall elall e (75MI) Are 7z e
LGl a1 30

e (25ml) 32el aclall Jslaall ) Cilizay s jrnall sl sy -2
Gl 30 Sec IS ) yall Aa o (i s CH;COOH(1IN)
gl

<llwaliCalculations

e N time s Lﬁy.dh 3y yall ds Temp O Axilall 483l A i =1
At Lo Jeasd Sa )AL
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NaOH+H,0+ CH;COOH

At
Temp
\\ \! NaOH+H,0

Time

Camall Gadall (AH ) Jaledll 3 ) s s

At

whereas:-

C = calorimeter constant 0.1 kcal/c

AH = Equivalent heat Kcal/eq

At=difference in temperature

y = number of base equivalents that neutralized the acid (eq)

IN . 25ml

1000
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(D) W& sans saill 3 ) ja 7z yAdui-3

- We extract the heat of dissociation and it is symbolized by (D)

- AH=D+(-13.7 )
D=(? )

Note that:
AH = - 13.7 is the heat of equalization or union

D = heat of acid dissociation

H*+OH — H,0
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[ Seventh experiment }

AxS3alid ga 5 ALy phay o gaeniiall ulad aga ol
Finding the electrode potential of magnesium by a
thermodynamic method

The theoretical part: g &ill ¢ j

) n Jemd (e AiloeSh Gkl hill aga 7 di O (Say

O o g ol Uiy jad 8 (1 5 pdlae 48k L (g Al 33 5k

oSeligd ga 0 (il g ) lasiuly Gl g ASuelind pa i Ay yhy 22
: 98 Jeladl)

Mg + 2H @r——> Mg @) + Hz g
( AG°, AS° | AH °) slayl callaiy E 9) cadadll aga Y
The method of work:Jad) 44,
S @it Sl ada e (100 M) godas fh Ciudai e i -]
S5l allda )y dawiy (ala ) & s dhaul 5o &l 5 (IN)
sl sl (30Sec)
oaalall ) Caliay g o guunirall Jay 35 e (0.25 gM ) G5 -2
A )3) Jani 58 _pilan alilial any 3 ) jall da oy ol ) aadls
(30 Sec) JS 5,0 all da o Gald clld amy 5 (WY1 3 ) s
gl Cpaa]
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Calculations: <tibuall
o spizall (e J 90 JSI(AH 9) Asuliall Jelaill 3 ) ja = jatud
& o smatinall Jay 3 ddlial (e Aagiall 5 ) sl duS Jia il

C_At

AH °=

Where is:

C= calorimeter constant 0.1 Kcal/C
AH° = standard heat of reaction (Kcal/mol)
At = difference in temperature before and after adding magnesium

number of moles of Mg (y) = (the weight / the atomic weight)= 0.25/24.3

2-The calculate molar entropy is used at degree (298 k) and equal to
(20.5 J/mol.K)

Where is:

AS° = (S° product — S° reactants)

AS® = (S° 2 + S° mg+2) — (S° mg+ 25° 1)
3-Calulate the change in standard free energy

AG®° = AH° — T AS®
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(tcor237 ) Ll dilal die )l Leboay 4yl a s a leb (o (T) o) s
L

cal=4.18J <lby  (J/mol) Q' ( Kecal/mol) o« AH oJ s

J « cal « Kcal oedssigl

Whereas:

n= 2(oxidative number) Mg+2
F = Faraday's constant 96500 coulombs
E = electrode voltage Mg (in volts)

I H,SO,+ Mg

At

Temp \
i

H,SO,

Time
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