Chem 108:

Lab
Week 15

Sign in
Pick up Papers
Choose a partner for today’s experiment

L1

Chem 108: Lab
Due Today:

Acid-Base Titration
Complete Individual Report
form pp.94-96. Neme:
Section:
Report Form - Acid Base Titration

Part 1-Standardization of NaOH Solution

larity of HC used /

Unkown Acid Neutralization
Net lonic Equation/ Calculation
H*(ag) + OH “(aqy— H,0)
acid base water

25.00 mL of My, .= ? (unknown acid solution) was titrated with a
sodium hydroxide solution, Moy.= ? 0.2162 M. It required 24.20
mL as an average of three trials which were within +/- 0.20 mL to
reach a faint pink color.

My, = [Moy. X Ve / Vig, 1 [? moly, / ? moly,, ]

0.2162 moly. X 0.02420 Loy X 1 mol,,,
Low. X 0.02500 Ly, X 1 molgy,

= 0.2093 M,
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Refer to the Procedure section pp. 54-56.
The following slides correspond to the
instructions in the procedure.
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Today’s Experiment
Gas Stoichiometry
Zinc-wo.1.mov
Experimentally Determining
Moles of Hydrogen
Mg(s) + 2HCl(aq) — MgCl,(aq) +H, (g
Zn(s) + 2HCl(aq) = ZnCl,y(aq) + H,(g
Using Partial Pressures
the Ideal Gas Law & Stoichiometry
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What is wrong with this set up?g

C Mg or Zn

" Wire Cage

Mg(s) + 2HCl(aq) — MgCl,(aq) + H,(g

Zn(s) +2HCI() — ZnCl,(aq) + H,(g)

Pressure on the inside
of the eudiometer
must equal the pressure  Eydiometer P

H . H;
outside the eudiometer! H,(g) Co”’e“e "

in eudiometer
H,0&
HCI Soln.
AN

P,

H,0
H,0(g) collected

\&1 ‘\: in eudiometer
| g‘
Burette |
Cl
o /ﬂ L b~ PColumn

Acid column height
measure in cm, with ruler.
Also exerts a pressure
inside the eudiometer.

« Refer to the Gas Stoichiometry Report Form,
pg. 58-59

* Experimental data is to be obtained for the
reaction of a known mass of magnesium
metal:

Mg(s) + 2HClI(aq) — MgCl,(aq) +H,(g)
¢ The volume of hydrogen, pressure and
temperature determined and recorded.

* Moles of hydrogen is calculated using Ideal
Gas Law calculations, then calculating mass of
the starting magnesium from the number of
moles of hydrogen.

Stand —» (<
Background

Ideal Gas Law

PV =nRT
R = “proportionality” constant
=0.08206 L atm K1 mol!

. P = pressure of gas in atm

. V = volume of gas in liters

. n = moles of gas

. T = temperature of gas in Kelvin

Standard Conditions
Temperature, Pressure & Moles

« “STP”
* For 1 mole of a gas at STP:
* P=1atmosphere
T=0°C (273.15K)
* The molar volume of an ideal gas is 22.42
liters at STP
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Isobaric process: pressure constant
Isochoric process: volume constant
Isothermal process: temperature constant

Hydrogen & the Ideal Gas Law
nue = PV /RT

* n=moles H,g)

* P H,g) = pressure of H,(g) in atm (mm Hg — atm)
e V=experimental volume (mL— L)

* T =experimental temperature (°C — K)

Mg(s) + 2HCl(aq) — MgCl,(aq) + H,(g)

Zn(s) + 2HCl(aq) — ZnCly(aq) + H,(9)

IDEAL GAS LAW
PV=nRT
e
B Lt ‘bT Avagadro's law
{iedinandiy) (lixed Pand 7)
& 1 constant xn
51 V1v= PV, g,/rr V,/n,
Ty Charles's law rot
(fixed nand P
V= constant x T Standard Conditions (STP)
273 K, 1.0 atm,
R =0.08206 L atm/ K mol
V,/T, = Vo/ T, @STP
vV T 1 mole of any “ideal” gas
1 has
a volume of 22.4 Liters.
Total Pressure:

Sum of the Partial Pressures

* For a mixture of gases, the total pressure is the
sum of the pressures of each gas in the mixture.

P =P, +P,+P;+...

<« mx > -
- ot |
000

o ©

— oo

Nyt = Ny +No+N3+. ..

Total

P Total © n Total

*P H,(g) = P Total (barometric) - P H,0 (g) [TABLE] - P Hcl (g)

P Hci(g) = P Hcl (g) =
HCI Height HCI Height
(mm) + 12.95 (mm) x 0.0772
Density Hg is Density Hg is
12.95 times > 12.95 times >
density HCI(aq), density HCl(aq)

0.772 mm Hg/cm of acid solution

Ideal Gas Law:
Moles / Avogadro’s Law

N nee =PV /RT
n = moles H,(g)
P H,(g) = pressure of H,(g) in atm (mm Hg — atm)
P H,(g) = P Total (barometric) - P H,0 (g) [TABLE] - P Hcl(g)
V = experimental volume (mL— L)
T = experimental temperature (°C — K)
R =0.082057338 Latm K2 mol! (constant)

Mg(s) + 2HCl(aq) — MgCl,(aq) + H,(9)
Zn(s) + 2HCl(aq) — ZnCl,(aq) + H,(g)

* Refer to,Report Form Part I: (Example uses Zinc.)

Zn(s) + 2HCl(aq) — ZnCly(aq) + H,(g)

Mole Calculations:
* Stoichiometry.Calculation
* ldeal Gas'Law Calculations

* Comparison-(% Error)

Complete Report Form with Calculations; Needed to get
unknown Mg(s) sample(s).
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Stoichiometry
Moles Hydrogen / Mass of Zinc
(Part I: Zinc Calculation)

Zn(s) + 2HCI(aq) — ZnCly(aq) + H,(g)
Mol e = Mol zn(s)

Zn(s) + 2H*(aq) — Zn%**(aq) + H,(q)

Zinc Example Calculation
¢ Complete Report Form pg. 58 Part I:
Zn(s) + 2HCl(aq) — ZnCl,(aq) + H,(9)

Repert Form - Gas Stochiomatry
Part 1 - Sample Datafor Massof Zne

Mole Calculations: [S—r—
* Stoichiometry Calculation
* Ideal Gas Law Calculations
* Comparison (% Error)

loas

Moles : Ideal Gas Law
(Part I: Zinc Calculation Example)

Zn(s) + 2HCl(aq) — ZnCly(aq) + H,(g)
N we = PV /RT

* n=moles Hyg)

* P H,g) = pressure of H,(g) in atm (mm Hg — atm)
¢ P H,(g) = P Total (barometric) - P H,0 (g) [TABLE] - P Hcl (g)
¢V =experimental volume (mL— L)

¢ T =experimental temperature (°C — K)

R =0.082057338 L atm K~' mol~!

Moles : Ideal Gas Law
(Part I: Zinc Calculation Example)

Zn(s) + 2HCl(aq) — ZnCl,(aq) + H,(g)

Roport Form - Gas Sicichiometry

Part 1 Sample Datafor Mass of Zinc

nHue) = PV /RT

V = experimental volume —
(mL—1L)

CALCULATIONS AND RESULTS

R =0.082057338 Latm K-' mol~!

Moles : Ideal Gas Law
(Part I: Zinc Calculation Example)

Zn(s) + 2HCl(aq) — ZnCly(aq) + H,(g)

Roport Form - Gas Scichiomatry

N = PV/RT e S

AT CouLEcTED

V = experimental volume
(mL—1L)

| =]

T = experimental temperature e ——
(°C = K) Lol

R =0.082057338 L atm K~' mol~!

Moles : Ideal Gas Law
(Part I: Zinc Calculation Example)

Zn(s) + 2HCl(aq) — ZnCl,(aq) + H,(g)

Roport Form - Gas Stcichiometry

Part1 - Sample Datafor Mass of Zinc

nHye) = PV /RT

V = experimental volume a—
(mL—1L)

T = experimental temperature
(°C—=K)

P H,(g) = pressure of H,(g) in
atm (mm Hg — atm)

P H,(g) = P Total (barometric) - P
H,0 (g) [TABLE] - P Hcl (g)

R =0.082057338 Latm K" mol~!

207]

CALCULATIONS AND RESULTS
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Moles : Ideal Gas Law
Part I: Hydrogen Calculation, (Refer to Form’s Data)

Zn(s) + 2HCl(aq) — ZnCly(aq) + H,(g)
N we =PV /RT

* n=moles Hyg)
* P H,g) = pressure of H,(g) in atm (mm Hg — atm)

. P H,(g) = 29.98 inches Hg (barometric) - 19.8 mm Hg H,0 (g) [TABLE]
- PHcl(g) ET

P HCI (g)

R = 0.082057338 Latm K- mol"! o

P Hyg) = - P Hcl(g)
P Hcl (g) = P el () =
19.2 cm r;g - 10.0 13'3 E2 53 —o2
cm Hg =92 mm Hg mr.n Hg

HCI Height (mm) HCI Height

*12.95 (mm) x 0.0772

=7.1 mm Hg

=7.1 mm Hg
Density Hg is 0.772 mm Hg/cm of acid solution Density Hg is
12.95 times > 12.95 times >
density HCl(aq) density HCl(aq)

P H,(g) = 761.5 mm Hg (barometric)
-19.8 mmHgH,0 (g) - 7.1 mm Hg HCI (g)

=734.6 mm Hg

=734.6 mmHg / 760.0 mm Hg/1.000 atm

=0.9666 atm

Moles : Ideal Gas Law
(Part I: Hydrogen Calculation)

Zn(s) + 2HCl(aq) — ZnCl,(aq) + H,(g)
N we = PV /RT

n = moles H,(g)

P H,(g) = 0.9666 atm
V=0.0815L
T=295.1K

R =0.08206 L atm K- mol~’

N H,(g) = 0.00325 moles H,(g) = 0.00325 moles zn(s)

% Error

Theoretical Mass Zinc vs. Experimental
(Part I: Calculation)

Zn(s) + 2HCl(aq) — ZnCly(aq) + H,(g)

=0.00325 moles zn(s) x 65.37 g/mol zn(s)
experimental grams zn(s) - theoretical grams zn(s)

9 =
% Error theoretical grams zn(s)

0.213g-0.21¢
021g

100

1.4 %

(Part Il) Magnesium
Mg(s) + 2H*(aq) = Mg**(aq) + H,(9)
Mg(s) + 2HCl(aq) — MgCl,(aq) + H,(9)

Mole Calculations: o
«  Stoichiometry Calculation o e
 Ideal Gas Law Calculations
* Comparison (% Error)

Bring Report Forms to Dr. R
Having Part I: Zinc (with
calculations) completed

to get unknown Mg(s)
sample(s).
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(Part Il) Magnesium
Mg(s) + 2H*(aq) = Mg**(aq) + H,(9)

Mg(s) + 2HCl(aq) — MgCl,(aq) +H,(g)

Mole Calculations:
« Stoichiometry Calculation

* Ideal Gas Law Calculations

oAt coucTen

* Comparison (% Error)

Get equipment from
stockroom and complete data >
acquisition for Part II. CALGuLATONS Mo RESIATS

Have individual Report Forms
checked before leaving lab
today.

Molar Mass of any Gas
(Hydrogen for example)
« PV = nRT

* n=gofgas/ MM . [MM ., = g/mol]
* PV =(gof gas/ MM ., )RT

* MM, =gof gas/V (RT/P)

Density of gas

* MM, =g of gas/V (RT/P)

* MM ___=density of gas (RT/P)

gas
[T
Teyringe -
syringe
gas 995 of any density
can be collected
reactants
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