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Iniroduction
Geners! information
2ch wesek, before the experimea s, we < i i L
: g SAperiment starts, we will meet in the Analytical Lzbarstory, Olney 309. A
« et instructionat viaes thi =
crhicl . 1AL 'c"ld.uu deSCﬂbJ_n'J < CEPDEI ”ilenlal "an‘e"’i‘:, ﬂ—‘e Bm-pedu:n: and Sgﬁ:.h CO—'mdmaﬂs
will be viewsd. We will prepare all the salwtions needed in this 1ab and comdact m
shorz s weil S = £X
Hrersés \’r\.i,.. SOmME € c.P"l' MENE O j 5¢ condu Ctﬁd—“‘huf‘: ..ﬁp -777:"—13&:2‘%‘5.3 ~otz3 and mav ke
2 S i i Ca
perfarmed ;..cups. The experiments-are designed to t&ke—x;o ‘fonger than 4 hours each, if you ar=
properly prepased.

f=berztory Safety Rales
—Eventhough every wet'chentical analyticakexperiment to-be carried out in the fzb has-been tested
many, many. times before and every procedure has been—f‘nown m-detall, laboratory safety cannot-be
_overtooked. Acciderits doTiappenromtime ta%m&_&mrder*ao protect-yom, your classorzates, and the
_university property, thefellewing rules will be-enforeed at all fimes. :
T ‘Be-acguainted w.rth-tﬁe:tocanemana use-of 4 facﬂxires and farmlm with safety precautions zad

pTOCeaHTCS"” e Ty e T e

2',' Stodexts srust-wear adecr,atc eye protection-at alt fimes. Centact lerxses are never pe"mtttcd to be

. worn in thelabaratory as vapors can coilect underthe lenses.

N

3. Be familizr with the method of operation and ail potential hazards mvotved before efloa.amcr in any

lab work. Kmow the-properties, sach asflammahility, reactivity, corrosiveness, toxicity, etc., of:tie

chemicals-you are psing.
ﬁ.. Responsible behaviar-is-required at all times. _
3. Ne-sating, drinking. - omkmguﬁhe*mboratory
6. "Proper clothing (coverage from the shoulders to-the knees) raust be worn in the Taboratory. No
sandals.er o_phn-teed shees are permitted. '
. Donotfll’ pipeﬁés%”)jtmouﬁi sucton.-
—%. Donot use glasswarethat-has-besn chipped or broken.
9 B%pese of chemieals accofdingto zin-apgrovcd procedure. Do net-demp thémdewn the siek.
_I-Report alFaccidents inctuding minot infuriessto your TA.
11=Clean-everything you nsed and wash-your hands-thorouglily before leaving the iaboratory.



Lzbeports ould be handed in at the

i - iment 2nd sh
Reports are due one week after cwup’xe‘aon of the experiment 2n

fihe l2b pema Though experir mems are sometimes performed in groaps, lab r=ports and

repared 35iRg 2 W uripmcessc..-
nowns ere 1o be done et anl individual basis. j_.&..v reports- should be prepare 2

oald be aumbered. The format shouid be simiiar t0 2 journel article

renices e-up‘aszs‘dw to the nature of Fthe course. Mer=

I
?
]

)

using 85" x 117 paper anrf---.;ace:

{se= Analytical Chemistry) with some differ
I fats ¥ ‘! > ¥ -E = s

insirumental detai's than one normally finds in jowrnal articles should he included in isb reporis. The

génera‘l format includes thefollowing sections: -

e Title Page - including th=title of the ezperimet%t~y6uﬁnam¢, and-the date on t{hich the. .
—experiment Were pei'formed'.

o Abstract-- summarizing the-wodc-don;e and reéorting-major results, including numerical -

{ resuis, nstrumental-technique useds instramentt ised, and the resulf of the-analysis of the

b usknown. This-is-not.anintroduction e{pmpase:"’r-heabstxz.ctis very fmpor_taﬂt and-should
onty be-written after-your results-have beem-evaluated completely: e

i Ltroduct&en describing the basis for? tnecxpeavme:nt In-general; present thetheory behind .
the techinique uﬁ]md. Keep-your ﬂiemy periinent to the actual measurements taken, use your-

-own words, and use rcferenc&swhere appmpnate. Also.a block dizgram of the instrument to be -

used should-be- preserrM C:te your source for this dxagram correctly and a descnptlcu of its
tomponents andhow it works. g
s -Experiinental - brief outline of procedure-noting-where different from the lab manual. Write . -
in past tense and-in-camplete sentences. Follow-examples shiown in the journal Analyticd
-C{zemzsizy. Youdemnet nieed 2 great deal oﬁs&rma;mg-herg;.espemau;y avoid presenting step-
—by-step instnictions or directions. Pesciibe equipment used: inc‘mdir;gﬁa'nufacmrer and modei,
: yrqparationuﬁsotgiﬁéns;' etc. Less than one pagexviﬁ alm9$ always be sufficient
> Resalts- including tablesof dats, graphis or figures; and data analysis. A-description of the data
- presented in tables, figures.and calentations shouddbe inclinded to increase clarity of reading_-
o Tahles shetild be nunibered oemsecutxvel).and consist of ro=w and column format withi a
-title at the top-ef thetables.‘l‘ablcs shouldbe designed for-ease and clarity of reading.
-0 ~Figures should be-numbered consecutively mtb‘.f-a titie at the-bottera-of the figure. The
titleshould not just be axes labels-on the fighre. The X=and Y-axes:should be labelcd,
including units. Al lines shontd- -be-determined by Hnear regression. Data paints should
be mRade with distinct symbols. .-

-~

-



ot
o Data analysis should chuaﬂ the cL,Le-mmanon £ 4he concentration of the unkROWNS™ 2

Cond b oar

L\'\Bobﬂ)u }thVl?w‘(

@ .A.ﬁ abservations vou t T__Ke dﬂﬂ[‘lc *«-le E}Lpejf-ie-}v ;

and the equation for any linear *egre=slon cuves that are obtained.

¢ Discussicn - containimg the foi’xcswi'nc:

Q

A discussion re’aimg your results to the theory,

A brief summary of any sources of crror associated with resuls, and

o Answers fo-the numbered questions in the’ 1aby namzzl : “

0

o References should be in the style of thecurrent chemcal‘hteraturﬂ- Each reference is
numbered according to when it'is first used and thereafter is referred to tythai pumber. THE
references are hstcd-uj

-order at-theend of-the report. -

Absences fromthe Tab will- resultinno poiats for the scheduled experiment==i: There-wiltbe no
make:ubabs. A 5-peint penahy will be-exercised: far.eattfday‘thﬁiab r#portxslaﬁe Eachlatrreport
_-counts | 0% toward the total, and ﬂletoml cgmts"SG"f -of your final grade, yaur.lab motebook grade-

fnzkes uptie other 20 %. Grading of| lzb reports will-be done as follows: .

Abstract ' 10 s ity PWW\D‘M %»

[ntreduction and thieory 20 . .
E.xgcﬂmemak 15 Sr}ww :
.,»‘esult : 28

. Dataanalysis(10) : R ETrarertE b

Graphs and tabl*e#@;d) .
~Discussionand questions 25
‘References 5
Lzb-notebook. o

The importance of2 goodzlab notebosktannathe-overemphasized. Yourfeb-nafehook should inclede
enough informatien-that another experimenter-famitiar-with fbc:ﬁdn‘mnfead‘kydiscmrwhatws done
and, if necessary, repeat the-work. Eveniifan ebswﬁemscem&ma.,»mor& :L..ﬁer expcnmems may

reveal thatthis observation was-significant.



cceptable. The pages shouldbe “ﬁ““&&

teboOK ST sheuld be in pen- £ Pencil is una
lAﬁ biank for 20 zm-f'om«7 tzbleof comtents. Wiy

Aii entries inta your a0
conseciztively and several pages & the front should be
notebook and be SUL® tp clearly xd-fltzfv each experimar

esch sxperiment, Start 2 new page-in your 12D
kf"“ ey?erm\..&,‘ E—CE frricny Uhars
G

itk & title and date (€ each subsequent page should 2150 list the.date of 2

3 1
pisce of equipment used ed in the experiment should alsobe documentsd in YOUL! 1zb zoiebook. In additiq,
- ﬁ ‘.’
: tould be identift ef‘ zrd eny r“c:fn’shculd be showm »

- v Q

+ compounds used shou

write the correct valm: ﬁcaﬁay_ An exampls

of each type of calculation should be shown and the final anSWer moﬂdzlwa}s%e tounded-tathe

results-shoutd be r@.ctéd mﬂ:ss there is 2 valid reason for

Do net write over aumerical entries. Cross out nsatiyaad

appropriate number of significant figures. No.
duing s0. The reason shouldbe documented. : - : :
 Include a brief comments, res 115 and- discussion section at the end of each experiment in order.‘

to documen. your thoughts as _,rmi'woéz.

(N} 1||
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Pre Iz Quanens for Acid- Base Titrations

2]

73) The indicatorphenolphthaiein is colorless inan = sridic soluticn and is red when the

solution become ¢. The tramsition range-is @ pH 8:0-9.6. Which

_ direction of titration, HC1 by NaOH or NaOH by-HCi, would mx'aoetterpre&.on
and accuracy? Or does # matier?
RE)) Can you use phenolpfithaleinas the indicator iﬁ.tha titrafion of acetiaacici (pKa=
4757)-with NaOH? How about in-the titration.of (FLOH (pKa = 82445 with HCL?

£5) At what-point inthe titration of 2 weak acid with- strpngj’éasa is the XTI

buffer capamfy-reached? This isthe point at whic 2giverrsmalleddition of

base causes the least pH change.

(6) If you were assigned.to determine a very-weak-acid HA with a pKa=10.07na
sample, how would you carry out the titration accurately? You may assume that
you have sufficient arrounts. of 0.10 M-HCl and 0.19 M NaOH standard solutiens

aa:u AllKinds-of desirable wdicators. Outline yourmethod ané evplam-youf

theoretlca’r piincipies together with an.estxmanea.—of the titratien accuracy.



- Procedure

" oo
e .
-
Z L o e
s £0.3 MNaOH and D M»HCI> Wk
apd Standzrﬁizaﬂon of 8.1 1 Sk s
Preparation . B A
i W —
Ku? B
Reagents Nesded | @
=00, N20H sclution e - p QH . Oy

e -L_emr—m:* BCl solution

hP"('\ Ehtkr‘equh,&cf :-Ji.utlﬁn : L -\
gmr}@’ standard grade poEs siurmriydroge e e

“‘Equipment Need:

buset, vo‘u—ﬁctnc flask, po iyethylene bottle:

Prepare a 50%. (wiw) NaOH solution (25gin50 ml). (For a class of less ﬁ':arﬁi}

CO;5, wmcrrforﬁsﬁom cO~
s solution canbensedasa

students 50 mL should be sufficient.).-At this conce’ tion Naz
sbsorbed from the atmosphere, is only slightly sclible. Therefore, tl'nil
<source of carbonate-free WaOH. Be sure-that the solid sodium carboT
the bottorn of the confainer. Carefully decant 2.5 1l 6f the sohution ¥ xthout;dis'tur‘siﬂgznv
Na,CO; precipitateand 2dd-io- 509 mL of distifled or dei ionized wate: (ifthe water contains .
-significant amounts of H5COs, it shouldbe’ boﬂed and cooled) Mix thoroughiy anip-atecrmc
solution from unnecessary centact with the-atmosphere. Store the solution in a trghﬂvef_ppr*.,_

polyethylene bottle. Minimizing the-2ir inthe headspace will hefp reduce the amount.of-CO3
absorbed. o

_ Concentrated, reagent grade HCl is about 12 N. The amount of acid needed to prepare 1.0 -
Lof0.1M HCl is 2bout 8 mL. The.water used does not have to be CO3 free- Store the sehition
m a capped potyethyléne ora* glass-stoppered bottle.

: Tramsfer zbout 3 g of prinary-standard KiPtoa: smsllbeaker gndxiry 2 hr af T10 8
Gool in a desiccator. Weigh om‘.3 separate szmples of 0910 1.0 g (+0:.001 g)° KHPanddxsso e
each sample in COxfree water_m-&SO mL volumetrlci'l;\sﬁl;{ly mix the solution and transfer
to a 250 mL Ertenmeyer flask-and- adtjderops of phenclphthaleir indicator to-the sclution:
Then, titrate the KHP solutions withthe NaOH. The cndpe'nt signal isthe first pink coloration-
that persists.for 30s. Repeatthe titmtion-for all 3 samples: Calculate the-average concentratios

fﬁ' ‘of the NaOH—sulutxon.

To save time,you camstandardize 25 mL of the HCI solution by-titrating with: ﬁxe—

m
standardized NaOH solution to-the phenolphthalein endpoint. - Repeat the tiiratioa3 timesand

. calculate fhe-average concentration of the HCI solution.

Label your stock solutions-with carrect concentrations and date

od

-



ats Needad

= .\.HP (Potassium Hydrozen Phr
J '

e 9}_1‘1 LMaOH. - Q\

pH buifer solutions .

Egiipm ment Needed
ph meter, pH electrodes, b

Araflen  Cavve.

Procedzre
_ Accurately-weighout~1S g L,f dncd KHP to the rearest 01 rrc‘ana d;sscsl"e it in water -
“in 2250 mL voiumetric flask. Diluts to na:k and mix well. \/‘/0} lo a)’p W%

—Calibrate 2 pH meter-and-glass electrode usmg bufiers with pH vaiues.of 1(} G(), j{‘zu-ard on é') ?0 |y<Q

4, OQ. Rinse the electrades well mth distilled water and blot ﬂ:mm dry with.a tissue befor:
_ _immersing in a solution.

Pipet 50.0 ml cf the KHP selutwn into-#250 mL beaker with a magrs etnrsurrm; Barand
add.appmxxmateiy'SQ mL of distilled water. Posmor—the slectrode {s)-in thie tiquid so Thal the
stu:rmv barwﬂl not strike the e]ectrode [if acomtnnanon glectrode 15 used, the smail hoie near
Ihe botiom on the side must bz .rl.rnerseu in the solution. ] Ailow the electrodes to equilibrate for
"1 min{with stirring).and recarder the pH. :

- Add 1 drop of-phenolplithalein indicator. Titrate-the solufion with 0.1 N'NaOH, first i in

A ~2_mL base aliquots until you are within ~4 mL of-the theoretical- eqmvalcnce point, then in 05

miL base aliquots. Be.sure- to record-the volume and-szftcr_eacn addition: “Add base.drop wise
" when yousare nearthe pink color enCL pomt'(record the volume at which the.pink color is-
‘observed) and- continue e until you T passed the glx{k-cndpnmt.'l‘herrada RSy A
aliquots. Record the volume and pH 30 s after each addition.

Consiuct I greph of pil versus V} (volume of-added base). L.ocate the- equwals—:nee peint

and compme the-equivalence point andzthe phenoiphthalein-end- pomt -Use a spreadsheet
-program 1o calculatethe Tirst and second derivatives ta aid-in-finding the endpoint (see Hams)



Determmatlen of Acid Conte

>
ded O v
Reacents Nae
g.ea,-n?tai;rdm 9.1 N NaOH stock s solutiorn ..
Vinegar IR NE S us
- Yinggal !5 ' :
. W : . : ’_.t_" &1 r;‘
. malﬂm indicater . ' foie
: Equipments Needed foret S p‘ ate. tir bar, buret, pipet ‘l?‘\ - i{\,“ |
pH meter, pH electrodes, maonevc s . - —
- Procednre . '\flzh
+a T3V
5 2’7“ e j v “Pipet25mL of the'w"ecm' info 2250 mL volumetric flask and f‘xiuw fqm_i‘ii m_i kW1
' e 2250 L flask. Add 50 miof -
drsnu water Miﬁthorcughlﬁndplne* an-liquot of:50 mL in _____,_,4..»-- :
water and 2 drops of pheﬁolphﬁxalem mdlcator and titrate with the standardized C. LN'NaOH go
the { xrstpermanent pink ;:olor. Cak:ulaie the mi:a.l amdxty as grams of € CrI—f"OO Aper_lOOmz, ot -
-ﬁ the sample Repeat-tie thrauon usmgpﬁmeter o
%0 . “Pirect Titration for Vitamin C . ~ e
it IS £
R Weigh out ~0.5 g of the powdered Vitamin C-tablets, and transfer td a 250 mL beaker. Drssolve -
. g pe——
o \L the-szmples in 100 mL of hot warer. Use the pH meterio read the initial pH of the sohmtion. -
e v 2
: )\ -~ - Add—e.—!/ H-NaOffin mcrements of 2 mL, and read- the pH. ‘As the pH changes more rapidly, take
L ;j i 'Z/ —Madmgs,at smallér vatame intervals. Contmuetakmg readings — afterthe endpoint as described— -
é}ﬂ O"J : in experiment 2. D“teﬁnme.the endpoint and-calculate the percentage otl..smrblc acid-inthe ;
?FQ\\I\QV\ : Vitamin-C tablet powder. Also-determire the K, for ascarbic acid and: compare xtwr'" exatm e
2 values-




Direct Titration vs. Back Titration

Resgents Needed
KHP (Potassium Hydrogsn Fhthalztz)
pH buffer solutions
.1 N HCl
- 0.1 N-NaOH
V'Lta.mm = yowd‘r

= i

: zcgmfments Needed

_pH meter, pH electrode, -buret, b:akef
Procedure

Weight out Primary Standard Fctssnm H_vdrocen Phthalate to standardize 3.1 N N20H

solufionrta the phenolphthaiein endpeimt. “Use th\. standaidized NaOH soluticn 1o standardize ~21N
{5 i o

Weigh out—05 g of the powdered: V’fmmm«, tabletsznamns‘&_t@ 250 mL beaker.
Dissolveshe samplés in 160 mLEhot water and add 2 dropsof pheno :pnﬂ:alcm Usethe pH meter

. tarecordthe initialpH of the sclufion.

-Add more than sufficient amounts-of N2OH to the vitarain C samples and fitrate :

‘ the excess  NaOH with 01N HC! standard solution using a pH meter. Compare the

results with those obtained fronrtheprevieus experiments (Direct titration-for Vitamin C)

i e 03) A g L :'C/'”‘?

\J;t—aw;\mc /})w/b CCLQLL ((CHgO \

of 14
1 .0 o
< S~ o )
e
= : -~ (.?é1v
o Lax pliolye b

1t
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Evaluation of Commercial'Antacids N dodh 28

izl id ationoill
&: The aeid-neutralizing poOWer of a commeici gntacid preparation ]
be 1 bramds of antacids will be
determined by a titrimetric procedure, md avariety Of commercic: bran ant ;

The Prociem to be Investigate

evaluated on the basis of this pro cedure.

The Nﬂtx.re of This Investigation: 4 commercial antacid tablet will be dissolvedin a mmeasured €xcess ¢f
hyd‘-ocnlamaczd the sohtion boiled briefly; and the excess Iydrochleric acid back-titrated by using a
standard.solution of sodium-hydroxide wii Bromphénol biue esthe. sndicator. - From the volume and
molarity-of the kydrachlaric acid.and the volume-and molarity of the sodfum Fydroxide solution, the.

. number of moles of acid-neutralized by the tablet will bederennmed weight effectiveness of-the-
preparation will be calculated by using the weight of the tablet and rhemeulmlz:mo ability.of the tablet.
“The cost effectiveness will-be determined by using the-cost of thetablet and the neuiralizing ,abll'ﬁy

The-data collccted by members-ofile class forthedifferent antactd preparations willbe-exchianged. By
using the wefght‘effectwen“s and the. costveﬂ'cctwenessnf the-different antacids, the-different brands of

antacids will be evaluated.

Irrtroducfwn

" The pu;pose of the commeon antacids preparations is. to-nextralize excess stomach acid, which may

-be consxdere& Loibehydrechbnc acid, by reaction with various basic substancs-mﬂxe antacid tablet.
The bases-commonlyused are metaﬂhyﬁmmdes ot carbenates, mm ofthetwe. A general
-equatien-for the. reaction-of hydrochleric acid with:a metal hyumaxde, M{OH), 1s,- shown in equanon L1y

M(OH: (s)'—!-'_'ZHC{'(,g) > MCE.(aq) +2HB g5 {Ea.b

_ The mactiarrOﬁ&meizhcaébonzt‘e,MCO;,with hya:ech’lurhﬁcfd"ésomewbat more comptlicated,
_and-proceeds according to.equaﬁons#(Z)'ax}d@: . e . f L

- MEO3 )+ ZHCkr > MCh ot B g (B2
B S R0 0. &3

Although the actual stoichiometry of these reactionswill depend en ﬂ::jdmtxty -and oxidation
state of the metal, M, it’is easily seen that T'mole of hydroxide ions wilt react with ¥ mole of hvdrogen '

12



ions from the stomach acid, whereas | mole of carbonate ions rsquires 2 moles of ydogsn ions v
complete the neutralization reaction.

However, because both hydroxide ions and carbonats jons are strong bases, e ansiytcal
dure 4 A _ o ' | -
. proescure 4oes not provide-a way of differentiating between the two ions, 2nd the result of the analysis is

2 measure of the acid-neutralizing power of the tablet. Thus, this procsdure will ‘werk equaliy well with
either ion or with mixtures of the two ions.

The apalysis is:performed-by. adding a measured excess of standard hydrochloric acid 1o the
weighed antacid tablet, boiling the solution to remove the carbon divxide, which would interfere with
determination 6f-the'end peiat of the subsequent titration, and.then titrating the excess acid with strdard
sodium hydroxide solution: T}i;'numbcr of moles of hydrochloric aéid neutralized can be caléulated

fronrequatiom(4):
| & LW Pk
#moles of HC| newtealized: by tablet D= (# moles of HEL added) —(# of moles ML requiced for b@m’;ﬁ;ﬂ) (Ba %)

R

 The number of-moles of HCI added can be fouind frem equation {5): -
# moles of HCl added = {Mpa)(Vuc): (Eq.5)

where Mpcyis:the concentration of-thehydrochloric acid it moles per-liter and Vi is the-valume in fiters
~0f- hydmcﬁlor-icécidused.in the analysis. The sumberof-molesof NaOH required forthe back fitrafion.

.Can.bcfomdﬁ‘omeQuaﬁon'(‘Q:' . P s L

- Numberdmoles sENaOH = (Minaor)(Viaor)  (E-5)

where Mpgog:-iS 'the concentration-of the soﬁﬁmﬁaydro%-sél’ut'ionin mofes per ht:rsz%ws-ﬂxc
volome in-hiters. [f the cost per tablet ofthe antacid-isknewn, fre.cost per.mofes ofbydrochiotie asid
_neuiralized.can be calcatatedby using equation (7

Cost per-moles af HEI meutralized = (cast perafict) HEmolesTTHCl nectrlized gerwhle) £ T)
The “cffictiveaess™ offhe antacid on a sveight basis canrbe similirty determined; 7 the weight of

the individual tablet :s known, by-using equation £83: %

g



: ; tet) / {massof mblet). (Eq..8)
2 moles of HC! neutralized per gram = (# moles of HCI acutralized per tablet) / {m 9
T I <

tivenass and weight
Various trands of antcids can be analyzed snd their reletive cost effective i weigh
ar i
1
X sentative antacid sampies.
effectiveness compared. Table 1 contains data for two repre sentativ | '

Table 1. Antacids

Hia - __Brand B e
i —§ 1 .2-per 50 : '$0‘.40 1plar 36 el

Cost: per tablet, cents i 240 : : e
Number of moles of HCl 376x10° I 10.08x 1072

natitralized per tablet : , . i
Number of moles of HCl 672107 1 7.69 x 10~

neutralized per gram : ' ;

‘Cost per molesof HC} - ; > 74 o "$1.07

nextralizezd : Sl i : -
Reagents Needed

Antacids g(.@ Ty
Hydrochloric acxd 5§} /\/Ay’f—
SodmnrHydroxxd' O.5 m v .
Bmmphenol Blue = ‘Jw[ = Jm./ = DGOl
e Sphrple.
EqmpmentNeed d
Buret, pipet, Erlenmeyer flask, beaker

- iy
= lprc bt \) AAE ?

=

,.Prnce&nre

Obtain three tablets of a particular antacid —fzum-ﬂxe—laboraﬁory .nstmcter Avmd touching the. -
=tabiets with bare fingers. Record-the brand of antacid bem<1 amﬂyzed_ouﬂleﬁata sheet. Obtain

approximately 125 mL ofO 3 MHggma clean dry 250 mL beaker and.approxxmaﬁely 125 mL. oﬁ IiM\ ‘ :

_[NaOH jn, anotherclean, dry 250 L beaker. Record the cxact_concentranon 0.0.001 M of & h‘sol-mon
atthe approprate place on the-datasheet - Keep the bmm dry**preventdﬂutxmrof the solutions;
which would-change their concenfrations.

-a rubber bulb. Quicklydisconnect the ‘Hibberbulb and place a—ﬁng:r i :be e Wet \ iy

‘waiercomes n-contact with the

14



Rinse the sl IR e

Rinse the pipet with about 5 mL of the standard hy ydrechioric acid, following the same procedure
sz Wk I a b A i

2s when rinsing the pipet with water. Discard the rinse solution. Repest this procedure with a second and

the standard hydrochloric acid.

’-} S¢ t T ot ' . 1
253 mL Exl rienmeyer flasks so that they may be differentiaied. C Carefudl pet 25.00

AL of the standard hydrochior 50 mL Erk
mL of the standard hycrochloric acid into each 250 mL Erlemmeyer fask by holding "‘!eiLFOfﬂ't” pipet
against the inside surface of the flask to avoid splattering thesolution. Afer the solution has stopped

‘Ine g Y 4 A 3 o % -
flowing from the pipet, continue to hold the pipet vartically for 15 seconds to aew reproducible drairing

of the pipet” Remove-the las* drop of selntion orrthe tip of the pipet by-touching the ¢ip of the pipet to the
- inside surface of the flask. Measure40 mL of disijd water iz 2 100 mE graduated cyiinder. Addthe

.. “water to- the-standard hydrochleric acid, fncreasin IP ~volume to maake ¥ convenient for *rfratmu._

.....

ree measurements on the data-sheet. s : . : -

recordmg-all

_ Add one tabletof antacid to the acid solutioa in one of the F.lenmeyer flasks and wamm the flask :
and contents to dissolve thetablet. After the tablet has dissolved, boil the solution briefly to expel any faa
carbon dioxide. Cool the solution and add 10 drops of beﬁe indicator. Sweirlthe-contents of .
the flask +0 obtainsheraugh mixing of the-solution. T.the resuttimg solution is not yeHew, consnitthe

“laboratery instzuster.

tm . mgearme moe me e e ermee oo e

Rinse.a-cleanS0-maL buret with-three separate-19 mL, porﬁons of distilled:.wa:térﬁold the buretin

S e

a nearly Horizentat-position and slewly rotate the buret so that the water contacts the entire inner surface

.\oi‘"t/line b.-afet. ' : ;

Frie thesbuget:wiﬂﬁpproiimatelyﬁ-mL of the-sadium-hydroxide solution, using-the same Smw el G o
ot q;.le as-with the water: Repeatthis procedire with-asecond-5 mL portion of the standard sodiem

-hydmxide SQ-T(IﬁGﬁ':

Clammp the buret t0 the rimg stand-and close the buret stopcock. Filzhe bm\.thth the sodinm-

h d “oxide solutionto 2 point gbove thetop calibration mar “Withdaw sufficient solution through the tip
3

f the buret into the e 150 mL beaker s@ that there are no air bubbles trapped inthe tip-of the buret. Lower
of the bur -

15



cock slowly until the meniscus is 8t @ point on the

the meniscus of the solution by opening the stop
nearest 0.01 mL and record the initial buret read; ing

calibratad portion of the buret Read the buret to the

on the data sheet.

Touch the buret tip to the 150 mL beaker to remove 2ny drop adhering the tip. Remove the 133

er flask contzining the smtacid solution under
the-mouth of the flask, as shown,

oL beaker from beneath the buret and olace the. Erlenmey

the buret. Lower the buret so that the tip is inserted &n inchor more into

in Figure 1. .

Figure 1-

Swirl the Erlenmeyer flask with-right hand and cantrol the stopcock with the left hand. i .
titraie the antacid sample-by slowl; y-adding the-standard sodium hydroxxdesol’mon. Asthe i
_progresses, the approach ef the- end'pomt—wﬂ't bmndica.ted bya mome'rtarg appearaunce of: ﬂ:::anﬂn PR
-end point cotorwhere the titrant first comes in-contact with the acid solutien. “As theend ]ue-gl'-m
:]ppmachca mo:eclosely, ﬂm.,se.bnef—ﬂashes -ofcolor wiil. persist fer a longer nermd ofhme.pcm;.: G
c:lv:ritl' ::::::Z:;an:;h e:idlate}y-beforcihe end- pomt of the tltmtxon, When the bhxe-g‘::;m
L t-ondrop ata ttme The-u.fr'ﬁen is complete ‘when the antacid—

luttort earest
SO becomz&greemthmughew-affer swirli mg:_thc flask. Read the buret |
record the: final buret readma-.en:th&ﬂata sheet. ¥ i e mI:and:

- g

16..



when zll titrations are ¢ . " - & 2y
o Ans are complete, drain the solution from the-buret into-the 1350 mL beaker and

ker. Rinse the buret thoroughly three times with distilled waterto remave

R Qe ol AL T o 3e 7 - L PP 1
. xnse ali other glassware used in this experiment with distilled water 2ad

e Icnizte the on (o) x ne e g f et e o
- ke .calculate the rramber of molesof it yarochioric acid added in s2ch tiration

N

calfcalate the weight 6feach antacid toblet

b

caiculate the-rrmiber of moles of sodium to_hydroxida required-hack titrate the excess -hyx:v’_rcrdﬂoric;
acid | . '
4. caloulate the-cost perablet for the antacid -
5. tcalculate the numberof moles of hydrochloric aci neuu'aﬁzed.per tablet
6. caleulate the mumber of males ofthydrochiesic-acid neutralized-per gram
i _ea[cx.d'ate {tie average nomber-of moles-of hydrécﬁﬁlﬁc.acidaeamﬁfzedvmgram
" & calculate the-average number-of moles of hydrochbric acid neutralized-per-tablet.
9. calculatethe costof antacid per mole of hydpechtc; L‘lc—acid—neutralized ;
1~0._.cxchange data with other studeats in the class wha analyzed other brands of antacids and emter the
data gn the data sheet
11. evaluate the different brands of anatacids analyzed by ﬁxg{a;s on the basis of cost permole of HCl
neutralized. : .

17
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Q'W'ITH EDTA _f o ! ’V\ [ Qﬂﬁ "~ aabons

o

Read thetext ebout the analytical use
neis "'a.b. Feig O

escignments from your T4, shudy Shem HEome 50 5 8
i iral or tap water.-
1 s determination of S hardness i B ataral O BBp

.. of Mg, & displacement ¢ itrationof Ca, ent 8L
Eeagents Needed e «

: -

Eguipments Needed L o e 4

- 0 B

L2 8s

1. Buffer andindicator selutions .
A pH 10 bufferard an-indicates solution-are needed for these tm'atxans
/l/ u[fg'?aluzzﬂm[sufﬁment for-80fo- I{thahnns):l)ﬁate 57 mL gf cencmﬂaicd NH; "andJ gof :

'Eu,f' 1 in sufhicient disfilled-waterto- give 1000 IT)U.mL efsolutlon_

w.p-,_ ety e, T

/2/ Eriochrome Black T Indicator (sxﬁment for about 100 ntmﬁons) ]

Z l""" i o N oy e,

“In 2 solution containing 15 mLof ahanolannne and 5 mL of absolute ethanol This sbhztmn g
K“'—'———w e

N

lve 100 n‘rg‘of' ihe solid -

‘_,'__...-qp——- e

=

sheuld be freshly prepared every two weeks reﬁ':ccrzmon slows its dcte'loratlon. :
3_ Calmagite This is an alternative ndicator for EDTA Titrations. it can be prepared byd' rect Hg
dissolution of the indicator in water. A 0.1 % solution is recommended.
2. Standard 0:01-¥FEDTA solution : - A
Dry sbout 4 gaf the purifietf dhydrate NagHzY. 2H0 for 1 h at 86°C.fo remove superficidl .. ..
moisture: Coblte-room temperamre ima des'ccator Weigh {to the rearest mltugram)_aboutB 8 .g into A
Wk Use a-powder funneito ensure quantﬁanve—tmnsfer rinse the m . '
—water before removing it from the flask. Add 600 to 800 mL of Tlater and swirl periodically. ; )
Dissolution mayake 15 min or longer. Whan_allathe solid has dissolved, dilute to the mark watly - o

water and-mbewell_ . ; > =
A. Preparation of-Solutions
In caleulating the molarity nfmmMOn, correctmc weight of thesa&t forthc 03% mossm:: %

ordxnanl ~retamns afterdryung—at‘SO"‘C. o &

~ Notes o
{2) Water used in the preparation of standard EDTA solutions raust bc tetally&ee of Polyvalent

18
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WigSQ8s . 7HoG. Introduce a few Qlur’s of ,_al"_m o shthalein, =...

iy ESTA

7
L o
-

0 \ & ( Ty
\\-_(,f M —

As an alternativ
/ tve, an EDTA solution that s aum‘z_nrﬁe}y 001 M r#an be uru,:rpd and

Y o e e

st 2 Mg™solution of known concsntration.

.._.ec by dz.-ect't:r aLon 3Tains
gair

; M amre s AR P S Wb e e e e

(&)
l )
uq
r—i
Z
B
(o5
g
0
o
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I
Lh
=
,J
i
£
Bl
!: L]
,{l
,(%4
it
i
:
1]
&
Ny
.
Oy
ik
(M,
H-,

P
mL .,f distiiled water

.thﬂ so‘lwpﬁkﬁ thrte the solution to about-190-mL- Wher properly prepared, portions of this “i
- St e 9 G
solutiomw should ‘assume & dull violet color when treated with pH-10"buifer and a-few drops-of Eriochrome

" Black.To : "Caimagite-indicator,

3..0.10M M‘agnesiurfl—EDIﬁ Complex : = |

oty pp e "

Furthermaere,a siftgle drop of" ﬁe—é~01 @:{; solition-should canse 2 coler: change to
whereasan-equal quantity-g£0.01 Mg *ﬂhe&dscaus&a cnangeio—'ed. T necessary, the:compo itton of

e

the sg]uﬂemsan be adjusted b},rac[dm,g—iv«fgz‘+ orEDTA untxhhcseentvna are met

A-solution of such Mg-EDTA camplex is useful for the-determination of cations which forir
-com;'jlexes that are more stzble than the magnesium complex but for which:no indicator is available.
Here, the magnesium is displace&by part ofithie analyte cations. The remaining zmcomplexed analyte
-and the liberated magnesium are then titrated with- EDTA, Eriochromé black T, or Calmagite being used

as the indicator.

:B<P_rc.ced-1rres

: _1. Direct Fitration of Mg
Submit a-clean 500 mL 500" vaolumetncﬂasL.to recewe the. unknown from your TA, dilute to the mark

with-wates, and-mix i thoroughly=Transfer(5.8 ml) liquots 1o 250 mi conical flasks; add 1102
-mL- afpH: I~(=Ebuﬁfe£ and 30 Admps.mi.:zrwéim me Biack T indicator-te-each. Titrate Wlth 001 M

ERTA rmtfithe colorchanges ifgg%g, = _—tegpw:“b_ﬂgugh
M

—Exgpress theTesilts as.partsper m‘thorpaﬁ\?fz in-the.sample.

Notes 7 .
' e -+ ~initv of the end point. Care must be-taken to avoid ever
. : . o be slow in the vicinity of the end 1
The color change tends

titration. ' :
, 19

atio f any doubt abo
ii any ¢ about its quality, pass the water through a cztion ch:mnﬁe resin before use. 0/6‘/ M4
2 o=



tion
Displacement TErE 0.1 mg) into ao"s)ﬂ mL beaker. Cover with

£ the unknown (to the nearest
i, of 6 M HCL After the sempie
5 few minutes: Cocl, add ¢

2. Determination qf La by

e hes dissolved, remave
warch glass, amd carefully add 3to 0 m
COg by adding ebout 50 ml, of deionized water

0 of methyl red.-and neutralize with 6 M Na 18
[umetric fLsk,

and boiling & gently for
H url *‘13 rad color 18 GlsChargea_

' drop or tw
Quantitatively transfer-the salution to.-a 500 mL vol

e diluted solution for titratiod, treating each zs follows:
iochrome’ Biack T or Calmagite.

cﬁudlﬁl’i— =5 the mark Take .

50.06 mL aliguots-of’
pH 10-buffer, 1 mL Mc—EDTA solution, and. 310 4-drops of Er

indicator: Titrate With standard EDTA to a colar change from r
Kggor: the.number-of milGerams of CaO-in the sample.

ed to Blue.

30 -Betesminaﬁon—efe(?ﬁ by Back-titration
Preparethe-sanple as @ifected for the displacement titration of-calCiom in-Proceduore 2. To
-each.50:00 mL aliquotaddebout Z et of pH10 bufferand4 to iidmpS-OfEﬁOChmmC-‘Bth For
Calmagite indicator. Run in.an-excess of 0.81. M EDTA solation: from a buret, and record.the
volume taken. “Titcate the-excess. chelating agent with the standardized Mg”* solutfon in Procedure.
1 until a color change from:blu: o red occurs. - .

‘Compare the results with those you obtained in Procedure 2.

4. Determination-of Water Hardness ; g :
Acidify 100.0 mL aliquots-of the-sample with-a few.drops-of HET; and boil gently fora-few
_minutes to eliminate CO,. Coal, add 3 to-4:drops-of methy} red, .&néneutm_lxzcwm 0.1 MNaOH.
Introdeee 2 mk of pH-16-buffer, 3.t04 drops of Eriochrome BIacL“’F and titrate wn:h -standard -
EDTA-selution toma coler change from-red to pure blue.
Report the results in terms of mg-0f CaCOs per liter of water.

-Nates- “e - . ... - (L b -

The cabrchaﬂga'nayfocshagtsh Mg+ is absent. Ja-this event,.add I to;z mL ofthe 0.1 M
-Mg-EDTA sokufion befcrfe-starmc ‘the htratmu. :



Evaivag £ :
T Whdke Commerciai Dried Milk Powdess

T‘:_zePfc-biam be Invest igatsd: 7
ke calchin Content of a commrercial dried milk povwder will be

#
Getermined by a titrimetric procedyr i K
- ¢. and the dota will be used 1 zvaluate a variety of conmmercial milk

- Pahﬁ’fx‘lﬁ:

The Nature of This Investigatig .
sti 0: A-dried-milic Doveder mupl—*mél be dissolved ir water, ﬂ.e sclution

buﬁ'&’f—’f at pi 16, end titrated with o stenderd solution of EDTA inthe F-247 indicotor end point. From
the volume andmolarity of the EDT 4 A-solutiorrand the mass of the milk power seniple, the-weight
percent of calcihum in themiik powder will be deternvined. The cost per ounce. cf calckm wiil be
calculated from the cost.of the milkpowder arm the percent calcium—The data coRected by-mertbersof

the class will be exchanged-and used to-evaluate different-brands of mitk-powder-

Introduction

Calcium is-ons-of the mone"lmportant‘mmerats-ge“ded for- proper_natrmern. itk apd-milk pmdnctsa.te_..

the most cemmon sources-cf calcium in the diet. Differentbrands-of dnzd—unlkpawders car be.

compared-on the basis of their caléium:content and the.uriit-Gost of he product_ "

- The agalysis for calcium.content may-be carriéd out by fitration-of thegshspended—mﬁk_powdersamgi’e
Witl:ra-soluﬂ@atofethylenediaminete&ﬁéceﬁc acid; abbreviated as EDTA, whose concentration is
" accurately known- Tnezquahnn for the titration-reaction is-showmin-Equation {1):

S ) +"H‘-Y3—(aq) = CaYz'-(aq) + ag- Eq-1)

where Y™ Is a-converiient abbreviated for EDTA species-whoese stenctaretis-shown in Fignre 1

- © ° 7 Figurel. Structure of EDTA iong¥ )

o, P
13100t A r—CE _*—n:s_‘

The:Ca¥" (aq) species formed-in the- e
is often referred to-asa complexometic titration.

titration reaction is calleda complex therefoze .this;cype of titratien

=1




PN

TA. The number of moles of

Equation (1) shows that 1 mole of calcium reacts with 1 mole of ED

. , e Yo

caleium in the milk powder sampie can be.calcniated from Equation (2):
' , o
# of moles of caleium in sample = (Mzota) (Vepra) (EQ- 2)

wher» Mepta is the concentration of EDTA solution inmoles pet liter and VEDTA 15 thevalume in LTS

of EDTA solution required 4o titrate the calciunrin. the milk sampie-
The number of grams of cateium in the sample can be calculated fromt Equation (3):

# of grams of calcium i.n sample =:(#-of mioles of calcium i sample){ 'mmmic.wti@t‘ofﬂdm) -(Eq.3)
.'.Ihewcigﬁtpercent of calcium-m the_sample e be caleulated from Equation£4):

Weight percent ofcalcium in sample =100 (mass.of calcium jn sample,-g)./ (mass of samplzg—_g),% {Eq.4)
Finaily; the cost per ounce of calcium in the samplecan be found from Equation (3):

Cost per-ounce of calcium in sample = 160+{cost per ounce of sample) / (percent calciund in sample) (Eq5)

“Reagents Needed
Dried powder milk
" TEEREA
Indicator

Equipment Needed
Buret, Erfenmeyer fas} beaker

. Procedure

_ -Obtain-from the laboratory i ‘ﬂwmt@mppmmmazely 50mLof - -’ E
buffer solution in a clear100 mL bedker and-approximately 4 o hkm
L y 200-mL of 0.02 mfp A . . o
A soltion in-a clean,

dry #00-mL beaker. Mike certain the beakerds dry becau
solution and.chenge its-concentratiog., Presence-Sf water WDlﬂd‘&ﬁutezhe‘EB'Ek



- ~tormps remain onsthe bottomr o1

Record the exact conce
Titratio
nof the EDTA solution on the Data Sheet. Also obtain from the
sample of milk powder in a clean, dry 190 mL beaker.
2bsorption of maisture by the sample, which would change

jgboratory instructor &pproximately 10 o gofa

.= certain the beaker i
}"E&] is d(y to Prc\'em Lhn

compasition as we
its comp well as cause tumping of the & sample
gowwder on the dats cheet. ple. Record the brand name or mumberof the milk

Transfer 510 6 g of the
sa S :
Label three 250-mL Erle e Wweighing bottle for convenisnce in the weighing operation.
€ nme Hoat 5.
yer flasks distinctly and place about 75 to 100 mL of distilled water in-each

ask. Piace the weighir _ S
. ghing bottle containing the sample or the balance znd weight it to 0.1 mg. After

recording the mass of th ight
i & Weighting bottle and sample on the data sheet, arrest the balance and remove the
i} e : Lo '
weigning ontthe balance, using tongs or a strip-of paper to prevent finger oil-ffom adhering to-the
weighing bottle. Transferapproaxmateiy 1.5 gof milk powder from the weighing bottle to:the first.

= yer flask. ‘Besure fouse a-Clean, dry Spatula_ Do not spitlany of the-milk pewder during this-
speration. Theck themass of the weighing-botile and cantents several times-during:this. aperation, so.that-

. not lesstham 1.35. g normorettan 1.65 g-is transferred to.the flask. When the transfer” is-completed, rinse.
: the spatula into"the Erlenmeyer-flask wm‘r a stream of distilled water from zwashbotlranidry.th:

spatulamﬂiacleanlmtfreerag - o

Return the \veiOMngbgﬁb to the balance pan without touchingi{ with bare fingers. Again weigh
th&battle and contents.to 0.1 mg. Record the new mass on the Datz-Sheet. Remove the weighing bettle
fromthe balance-and agasm transfer approximately 1.5g ofmmk powder to the-second Erfenmeyer flask,

following:the: same procedure as before. Adfter the transfer fras-been completed; agairweigh the weighing

.' battle and comtents to 0:1-mg:and- record the mass on the Data Shiest. The mass of the second milk

. pﬂwder seraple is the-difference- between the mass-of the wel gﬁmg—botﬂemd contents after remeving-the

first sample and-the massa&erremovmg the second sample. Repeatthe proc&ss.fm“d‘xeﬂ'md-mﬂ"‘

-powaersample.

Stirthe-mik powder in each of th= Erlenmeyer flasks with admsnmﬂomdmtﬂ e

fthe flask Be-careful notte spillamy-of fiesolution. ‘énse-the*stxrm,, z rod

witiidistiled waters before using it in-another flask te prevent CaITying sotation fronr one Hask to another.

Add 10 rrﬂ.o&he-ammoma-ammammn chloride fferto each fask. “Swirl each flask theroughly-

few g:al—r‘xs' e;f F—241 indicator with the: t:p' of a spatula. The-correct

e e
e

to-mix the solutmns and then adda




after it has dissolved. Do not-agg tog

fight magem=""
a
guentity of iridicator will give H° sol‘mzn cult to detect:
= be dilll

. end point wil
uch indicator or the enc po s of Le §.02 M EDTA 50l

Yy

arats 1¢-mL portio®
o &Im./ the EDTA

e tip each time: Fill
stopcock and thetip: of the buret, and thea plage « e

7y sep

ur; 50 L buret with tree solution to contact the jemire e

the buret with the 0.02M EDT,

Rinse & cle 5

kel
& buret pearly horizontal 2 and rolling i
' Drain the solution t througT

..LGEC‘:I’.'{%' i
surface of the buret e

i d between :
B i anbbs =y just the- meniscus of the titrant to cxactlyih 0.00 al

d
buret in & buret clamp on- armg stand. TCarefully, 2
titcant to dropin 2B
thffbmtt tip to remove the last drop of txtranmhmm

eaker. After the memsws has been
mark by opening the stopcack and allewing

adjusted-to the 0.00 mL mark, touch” the-beaker 10
to the tip.

Replace the beaker ith one ofthe Exlermeyec flasks containing the milk powder samples.
Eower fire buret tip mniil it isan inch or so helow-fhie mouth-of the Erlenmeyer flask, as shown in Figure-
2. ‘Swikthe flask-with the right hand-while-controing theate of flow of the titrant with thre left hand.
Drain the titrant into the flask ata fairly rapid rate at first. Fhe-approach of the end-point will be seerchy- :
a change in the color of the solution fiom magenta to a reddish-purple. At thiis point, slow-the rate of
flow of the titrant. ‘When the solution becomes a bluishpurple, begin ‘adding the titrant 1 drop ata time
untxl the end pomtls reached. The end point is mdunted by a sky blue color with no trace of red. Atthe

end of the titration read the buret to the-rearest-0-91 mLand record-the volume of EPTA used-on the
Data Sheet.

S AT ey _ap o e el

- Figure. 2~ Position & buret ; txp:m meuth of flask--




© Repeat the titration for the
M€ Iemeining twe milk powder samples by refilling the-buret with the 0.02

=NTA solution and
,MEa oR nd adjusting the initial levet 4 the 0.00 mL line each time. Record all data on the

re complete, drain th s
rain the buret and rinse it thoroughly with distilled water.

Calcuiaticns

1. Caleulate the number of molesoFcalcium in each. of the smpL.

Cahulate thre-weight percent calcium in each of themilk powder sarmles
A Cakulate tb&averg= eight percent calcium in the mitk powder

2. - Calculatethie-number of grams-of calcinm in each sample

5 Calculate:th costperounce of calcium for the mdkpcwder from the averageweight percent calcium.

£d cost per ounce forthe parficular brand of milk powder Utrzted.

R S e

cete mpppitme



TITRATIONS

smd the

. PRECIPITATION
sither vot umetrt
Ser r_}ﬂl the X

I
J

carmied out
Titrations involving precipitation can » . e
% < Loriy
Wa wiil practics both of these methods imrthis €Xp

raicry.
Fre-lzh assignments before coming to thelaboratery

-

Reagents Needed

Egiipment Needed

A Preparation of Solutioss :

i. Standard Silver Nitrate Soluiion ;
daré i o} Tvaltent-weight
Silver nitrate is obtairiable in prijnary standard purity. It has a high equival: ;h

and dissolves. readily in-water. The §ofid as well asits solations must be scrapulousiy
protected from-organic matter and fom itiniight. The reagemnt is e.gDEHSM;' every-efort
strould be made to avoidwaste U sohstions.should be collectet-rather than-discarded;
similarly, appréci%!blc;amomts of sifver chloride should be colfected.

Use a top-foading-balance to tra-.sfer the approximate mass.cf AgNO;s to 2 clean, dry
weighing bottle. Dry at'110 °C for 1 hr but notmuch fonger; coal to room temperature m a
desiccator. Weight (to the nearest 0.1 mg) the bottle and its-contents. Using a powder funnel,
quickly transferthe contents to a volumetzic flask; reweighrthe bottle and any residmal s.ohd.
Rinse the powder fuanel tharoughly. Bissolve thesAgNO3, dilute to the ma;k and mix well.
“Calcrrdate the molar coneentration of thissohution.

SR S e s

Notes

Consult with the TAconcerning:- the vSlume and cencentrations of AeNQ; lmbe used.
The following is a guidetime for the-appropriate mass of AgNO; to be taken-

: Appmxmztc.Mm.CgloﬂAgNeaimdwpm . . By
Ag+Conc, M- “}00@ mL, - 500 o . 250& R
9.10- 16.99: ¢ 85 _ =
0.05 3.5’ N R— e = __2_1;
i 002 34 e .
OB : ;
Prolong heating causes partial decomposition of AgNO;. Some discolaration may

26
























