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I . Objectives

) Understand the concept and chamcteristics of double salt.
@) Prepare and characterize Mohr’s  salt

@). Understand the principles and procedures of permanganate titration

II. Principles

+ Mohr’s salt: [(NH),S0; - Fe50+‘l>H10J , light green or blue-green
crystallie compound . It is soluble in water but _jnsoluble
in several organic solvents.

It des not cake and it is less prone to oxidization . which

making o primary standard.

« Double salt : @ -cgs’callinehcomg@,nd,_‘thaf forms from a_ mixture
of two simple salts with different cations but the same
anion, and it has a distinct crystal structure compared
to either of the simple salt. Solubility is lower than 2
Terefore . N\ohr’s sqlt can pe obtained through evaporation (%
£) and cooling of its eolution.
' prepare. Mohr’s gglt @
R+ HsO = RSt W]

FeSO, + (NHehSO, + bH.0 = (NHe),SO4 ‘RS04 bH.O

Determine Fe: use KMaOs (self-catalyst and self -indicator)
When using (NwG.Os) to standardize the kMaQs , it impor
tant to contl the temperature , acidity and titration speed.

[ | 5,Felz’1" MnAO*.-'rgl-’-’ A=| SFexr‘rA Ml‘\»‘*f' ?H?o
 2MnQ + 5GOTH IV = > A 1 gt0.T+ BH0
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III.Pre-lab Questions

(). How do you prepare a standard KMaO4 solution? Provide a
brief desription.

First, weight the kma0s and dissolve it with water.
Then. use the standard Netioy solution to +itrate the
KMaOs  solution we’ve prepared. Finally, caleulate its solution

.For the standarlization ©f a KMaOs solution , what are the
effects when the following conditions are higher or lower :

temperature , acidity , and titration speed ? Givea brief
explanation.

" Temperatue : i, higher : lower concentration of KMaO4

ii>. lower: higher concentration of kMaOs
- Acidity : . higher: lower concentration

(). lower i higher concentration.
- Titration sFeedi . higher . lower concentration

1> lower: pes. precise concentration.
(3). When using permanganate +tjtration to determine +the jron

content in the product , why ghould the product solution not
be heated before titration d

To prevent F' react with 0. in the air and tums into
F*'. Also can prevent the Moh’s salt yeack with
KMaOs Vice reaction .

IV.Procedures
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). Preparation of FeSO,

loo mL iron powder 3molA_HS0 ). hobwiber heat and stir for
beaker g T §mL stir 38"*"5 Weth———  about 1o min

%‘i""vﬁ" stir completely suction filtration pale green and clear FeSG solution

(U]

po. If a significant amount of white or pale green solids &Jg"‘
in the beaker before suction fjltration , add a little more

water to dissolve them .
(2). Ensure the total volime is controlled to 3oml, A4S exceeding

this volume will prolong the evaporation. time .,

2. Preparation of (NHa),Sls - FeSQ, - bHa0,

leoml above solution (NHs),S0s  boiling water stir 4o disohe  kee
evaporating dish — >335 > heating > (mpgletely ancenﬁf&tﬁ_gﬂ ps: We can

form &« thick ga]w corling o suction i Itm%ion +transger on a gradually see the
Crystal membrane “yoom Tempefature  rinse twice with ethang ~ Watch glass crystal come out.
dry at 5'c ( weight the product and record. (Refer to figures

"~ For B ~ltmin_ in the appendix
part.)

Ps. . Pour ohout 18omL of deionized water jotg a 250ml beaker.

and heat it on a hot plate to Prepare a boiling water bath,

@.Avid stirring the solution while concentrating to prevent
the formation of small . sandy crystals.

). Rinse the product with ethanol twice. using 5mb each time.
(Decrease polarity of the solution ).

3. Standardization of 002mol /. KMnOs Solution.

D. Preparation  KMa 0 Solution. (002 moi/).

a0 M0 . . _, IL brown
1L besker —pri— - it boil for 15 min — cool 20 RT — reggent hinly
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<
). Standardization . Po k22~ 77

Ll Naa G2 0 Hpa > mol/L Hhslg il
B-'eﬂmejer ‘HGSK Ta2~0.59 J0-30mL —'3’_.'-" h t {70 15 B5C

> titrate with KMa0p —— from colorless to light pink

(no changg within 308 ) — fead the final volume —> Tepeat, 2 mMoTe times

4. Determination of the Iron Con’cent in the Product

100 mL PNduct; 2m0l4 K5 ransgr
beaker ~ 3.59 WL‘%-} % ,.,,_ ——Ds dissolve wmrcle’telﬂ _,_fjﬁ
JeomL dilute to th :
volumetric flask ———j*m ” sample  golution
100mL gmp'e splution 3molA m$0+ I
Erlenmeyer Flask —2poom > Sy titrate with 0.02mel/L

S‘tdnJard KMn04 soluhol\
— 4ill light red solution,

V .Data Record Tables

Table 1 Preparation of Mohr’s salt

Fe'g | (NH4)2804/g yield/g Outside observation of the product

.ol | 2.2] 501 ‘)&%a%él\

Table 2 Standardization of 0.02 mol-L™' KMnOj4 Solution _

1 2 ol 3
m(Na>C20s) /g 0. 22-1 0\ 12 8’ / 0, 2\%
(KMnO)/mL o~ 1 335 X4 O30
T(KMnOy/mL '8 - W| 20 b8 \|9.76 / %80
AT(KMnO:)/mL 12,32 e (8.00

VI. Key Steps and Precautions
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1. Avoid stirring the solution while concentrating to prevent the formation of small, sandy crystals.

2. Notice the overall volume of the solution before concentrating the products. Don’t keep a large amount of
volume.
Before the titration step, don’t use tap water to wash the burette. Rinse it with deionized water.
When titrating with the KMnOg, read the point where the liquid surface meets the scale on the burette.
When concentrating the solution, be cautious to identify the crystal coating which determines the time to
stop heating.

VIl.Results and Data Processing

According to the recorded data, we can get the following tables.

Table 1 Preparation of Mohr’s salt

Felg | (NH.):SOug | yieldig O“ts":ﬁeosrsoe(ﬂj’i‘:'o” Of | Theoretical yieldlg |  Percent yield/%

1.01 2.21 5.09 SR SEAN T U YN 7.07 72.0

Table 2 Standardization of 0.02 mol-L-1 KMnO4 Solution

1 2 3
m(NazC204) /g 0.1227 0.1281 0.1213
V1(KMnOg)/mL 2.35 0.64 0.80
V1(KMnO4)/mL 20.68 19.76 18.80
AV(KMnOgs)/mL 18.33 19.12 18.00
¢(KMnOg)/mol-L* 0.01998 0.02000 0.02012
¢ (KMnOg)/mol-L? 0.02003

d, 1% 0.29

Data Treatment: In the standardiztion of 0.02 mol-L-1 KMnO. Solution experiment, calculate the following

treatments:

1: c(KMnO,) = — (Nazczgz)(f;i;fﬁoaxw_3 x%=0.01998 mol - L™
2: c(KMnO,) = — (Nazczo’:‘)(fzzvi;‘l’vf;omlo_S x £ = 0.02000mol - L*
3: c(KMnO,) = — (Nazczo’:‘)(fzzvi;‘l’vf;omlo_S x £ =0.02012 mol - L™
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2= 2o 2l 000 = L 2L 10096 = 0.29%

" 37 ¢ 3 c
Relative errors: B, = 22T x 100% = —0.1%, E,, = 2=1 x 100% = 0, E,, =
T T

X3 —XT

X 100% = 0.6%

XT

3 —%)2 . 3 —%)2
Standard deviation: s = /M = 7.583 x 1075, Class A uncertainty: u, = Z‘=13(+‘2x) = 0.00004

Therefore, the concentration of the KMnQj4 solution is (0.02003 + 0.00004) mol/L. This indicates that the
solution is very close to the 0.02 mol/L. And within a certain margin of error, we can consider its

concentration is 0.02 mol/L.

VIl.Analysis, Discussion and Summary

Error analysis:

In the experiments, the yield of Mohr’s salt is a little bit low and the concentration of the KMnO4 Solution is
somehow higher.Here are the possible reasons of the errors:

1. The Mohr’s salt crystal is made by heating and cooling, and the precondition is the saturation solution.
Therefore, its reasonable that the yield is not 100%.

The cooling time maybe not so long so that the crystal’s incomplete precipitation.

Probably the drying time is a little long, which causes the lose of water in the Mohr’s salt.

There is some solution remaining in the containers during the pouring process.

In the titration process, the temperature of heating Na>C,0Os is so high that causes it decompose.

While titrating, the temperature is gradually decreasing. This can also influence the usage of KMnOa.

N o o A~ DN

Because the color of KMnOg is purplish, it’s difficult to read the burette correctly.

Summary:

1. When seperating the double salt, using its physical characteristics can help a lot.

2. High yield and high quality can not be gotten at the same time.

3.  When analyzing the results, | tried to use more analysis methods to process my data, such as relative
errors and uncertainty. I’'m sure these can verify the results more persuasive.

4. To simplify the total procedures of the experiments, constrain the solution’s volume.

IX. Post-lab Questions

How can all the ions in the product be identified using qualitative analysis methods? Write out all the related
chemical equations.

(1) NH4*: NaOH solution and heating, use wet phenolphthalein test paper it turns to red.
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A
NH} + OH~ == NH; 1 +H,0

(2) Fe®: Add KSCN solution and then it turns biood red.

F3* + 3S5CN~ =——=F,(SCN);
(3) SO.%: Add BaCl, solution and it generate white precipitate. After adding HCI solution, it doesn’t disappear.
Ba** + S0}~ =—— BaS0, |

X. Appendix

Here are some pictures which show the experimental phenomena during the process.

b

[
The figures shows the crystal flower, crystal film and the Mohr’s salt crystal during the process of

concentrating accordingly.



2024-2025F FHEFH (RINE DU FLE) KRS

S04 FR: Preparation and Characterization of Mohr’s Salt

W45/ RIA R % SCHRR]: 2025 & 3 A 25 H
B2/ Bh#: / F8 M

P | AR B | B | BdiRai R | AT ARE |,
WH | M| T | Rk | brvhig HEm |7
S |30 4310 43|10 43 30 4> 204|100 4

1993 /5y

A




