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Vinegar Titration
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Objective: To use an acid-base titration to
determine the concentration of vinegar.

and learn one of
the most important
techniques used by
chemists, especially

Today we will perform our
first titration of an acid
with a base.
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Overview:

Titrations, neutralization reactions, and n =
Calculating molarity and mass percent
Procedure: What we are doing today

Tricks of the trade
Your lab report

| can do
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1. Titrations, neutralization reactions, and n = MV
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HC,H;0,(aq) + NaOH(aq) = H,0() + NaC,H;0,(aq) |

aceticacid + sodium hydroxide = water + sodium acetate

This is the balanced
equation. One
“equivalent” of acid reacts

with one “equivalent” of In a titration, when

base. F 7r e;amp/e, 0.10 the acid and base \\\\
mol acid reacts TS (e )

stoichiometrically with
0.10 mol base.

“stoichiometrically”,
that is one-to-one, we
call that the

o>

“Stoichiometric” is a fun equivalence point.
Info for / word. | like to drop it into
Introduction [iélse..  polite conversation.
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5 3 _ The acid in the flask is )
i added in the beginning

fi before the titration. The

& purpose of the titration

is to determine how

Bip .

B many moles of acid

e were present.
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Start with
the buret
carefully
illed to the
0.00 mL
mark.

We can read to two
places past the
decimal with a real
buret — as we see in

the close-up.
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Close-up of a real buret,

Just like the
Mohr pipet,
the numbers
get bigger
going down.
Tricky.
Tricky. Don’t
mess up.
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' HC,H,0,(aq) + NaOH(aq) = H,O(l) + NaC,H,0 (aq)

acetlc aC|d + sodium hydroxide éwater + sodlum acetate
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/ The acetic acid is in the

2223 flask. In our experiment, The sodium hydroxide
B we use 2.00 mL acetic acid ¢ in the buret and we

and about 40 mL can add as much as

52 deionized water — the P T e

volume of water doesn’t qdded an amount

matter too much. equivalent to the acid

present.

A few drops of phenolphthalein tells us - \...c‘.. ﬁ ',x‘

J"A\,;t
lnfO for when we’ve added enough hydroxide. éﬁ?ﬁr ,u“kﬂ G ‘%é
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titration, the solution When we've added ;.
in the flask contains exactly one equVG/enty"'
an excess of acid, of hydr ox:de the é‘

even as we start
adding base. The
reaction is
instantaneous with
every drop added.

And we will be all
stoichiometrical,
whatever that means.
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1. Titrations, neutralization reactions, and n = MV
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We use the formula n=Mx V for &
. ~ NaOH. We will be given the molarity
persists for a few seconds with of NaOH, M,,,,, and we determine

TN stirring means we \{e reached the volume used from the buret.
//// the equivalence point and we PY

are ready for calculations. ® \ q

®
Suppose M, o, Wwas

el 0.09858 mol/L and
e we used 14.22 mL...

The first sign of pink that

iy —--.‘\'.‘.::
y 44

hat &

= MyaonVnaoH
0.09858 mol/L x 0.01422 L

>4 | -0.001402 mol NaOH
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2. Calculating molarity and mass percent
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< To repeat, we determined the
number of moles of NaOH from the
n =M x V formula using the volume| =0.09858 mol/Lx0.01422 L
added at the equivalence point. We L= 0.001402 mol NaOH e
got 0.001402 mol NaOH T T T e T

S %,

From the equation and the 1:1
stoichiometry, we know we have Here is the formula for
\.. the same number of moles of acetic molarity. We know both

|- acid, 0.001402 mol HC,H;0,. the moles and the volume!

Nyaon = MyaonVnao

nacetic acid = r‘NaOH

= 0.001402 mol HC,H,0, |

.......

So listen up. The
actual concentration

A At P Saas s 5 2
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Eias M _ N, cetic acid of NaOH will be

o acetic acid ~ written on the marker

‘ Vvinegar board in lab. It is not
0.09858 mol/L




2. Calculating molarity and mass percent

e Y | We can write
0.00200 L (2.00 mL) for the volume , :
. molarity of acetic

of acid used in the first place. So the : .
o acid by using square
acetic acid tested was 0.7009 mol/L.
parentheses. ‘

n__ .. .
_ " acetic acid .
IVIacetic acid = Ty Macetic acig 1S [HC,H;0,]

vinegar

‘ / 0.001402 mol
M

X

7 R B R e

LAt M e v ie. M
— o -,:a ..»J#..;‘...a.-,«'a wJ\,w
— Aae et e g e Ao e e

acetic acid
0.00200 L M

acetic acid / ~
IVIacetic acid ~ 0.7009 mol/L “
. What she said.
—_ / ’ ;‘;
acetic acid 0.701 mol/L : It’s th? same ¥
(with 3 sig figs) } thing...
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2. Calculating molarity and mass percent

Sty

Mass percent is a tad m. .. .
trickier. The formula is... Mass % = 100% x —=<etic2cc

/ PY Myinegar sol’'n
® R |

®
We can easily figure out the
mass of the acetic acid using
m =nx MM, that is
mass = moles x molar mass.

The molar mass of

HC,H,0, is 60.05 g/mol.
Ooops! | wasn’t supposed
to tell you that.

rnassacetic acid =N d x MM

Mass, .iic aciqg = 0-001402 mol x 60.05 g/mol
0.08419 g HC,H,0,

PR TIPS ST W R T PO ST W A THET PO ST Y A T OS] TS W A T S ST W g THT T PR ST Y R T PO ST Y g
o PA D R e Lt R D R e Lt R D R e Lt R D R e Lt R D R e Lt R R i e R A R tae sl e o
Pt WO ey p80 § Tt POyt et s8OS Tt ) N 80§ ot P e 480 § Fot i POy ey p80 § Tty POyt \hred i80S Tt Y. vy
ANt ...\.:-4;- -".s\-ﬁ' ...\.:-4#- -".s\.;d ...\.:-4;- -".s\.,u- ...\.:-4;- -".s\.,d- ...\.:-4;- -".s\.,u- ...\.:-4;- -".s\.,u- ...\.:uf'-

acetic aci acetic acid

rnassacetic acid




2. Calculating molarity and mass percent
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Sooo, if we measure the mass
of the little vinegar solution as
we go, we’ll be all set...

Mass % = 100% x M, cetic acid

rnvinegar sol’n

Ooooo. Now we have
only three significant
figures!

0.08419 g HC,H,0
Mass % = 100% x 827132 _ 8.17% | cxs

2.02 g vinegar :
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Procedure:

3

repeating the experiment three times and
\ after that we will average the results.

00
ighing

ing 2.

ri

Each trial starts with measu

mL of vinegar into a tared we

-balance.
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3. Procedure: What we are doing today.

‘ > From each trial, we determine the <&
Bt — moles of acetic acid and use that to
calculate the molarity and the mass
percent of the of acetic acid in the
vinegar.

r‘acetic acid = nNaOH = IVINaOHVNaOH

. . R I the:solution::
0/ — (1) maCEtlc acid / , \ eso« thn

mvinegar sol’n
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For each trial we determingf Remember [HC,H;0,] is the
molarity and mass percent. same as M cetic gciq- BOth
Nl‘s Then we average the results mean molarity of acetic
i from three good trials. acid in units of mol/L.

Ly

Trial VNaOH msolution [HC2H3OZ]
1 14.22mL 2.02g 0.001402 mol 0.7009 M 4.17%
1490 mL 2.00g 0.001469 mol 0.7344 M 4.41%

3 1428 mL 2.01g 0.001408 mol 0.7039 M 4.21%

r]acetic acid

pe ]
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See how the volumes of NaOH for Trial 2 is not very similar to fi
the other two. They really should be if you are doing it right...

Info for  [iiiil . ) e i
calculations | e This is how you know if one of the trials is probably bad. 15

o
3
firk




3. Procedure: What we are doing today.

Because Trial 2 was ¥ We average the
wonky, we do another | three good
trial and if it looks similar molarities and
to the other two, we . mass percents.

average those three!

N

solution acetic acid

14.22 mL 2.02g 0.001402 mol 0.7009 M

14.28 mL 2.01g 0.001408 mol 0.7039 M

14.26 mL 000 g 0.001406 mol 0.7029 M
0.7025 M

Trial 2 was too
pink, wasn’t it?

L
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3. Procedure: What we are doing today.

It’s important to

recognize trials that
Show all of your calculations are probably bad and

for each trial in your lab should be repeated. If
notebook. If you decide to you use too much
throw out a trial, just draw a NaOH, the solution wil

single line through it. be too pink. In the
three trials in the

previous slide, Trial 1 ,,“

was the least pink and T.;E

Trial 2 was the most LS

We are shooting for a very faint®: pink. Your thrge t.r/a/s ?’i
pink that persists for 15 seconds ::: should come within 0.5 1“
with stirring. This will lead to mL of each other. “ﬁ,’;
the fewest moles of NaOH. i 5
How do you think that will i/ S Ask about bonus points for [
affect molarity of the acid? < \| very faint persistent pinks. ~:
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For the most part, we

follow the procedure

as described in the lab
manual. But...

...you may prefer to
always start each trial
with a full buret - filled

to the 0.00 mL mark.
That’s cool.

"U3oMO||bH

o Yo Jof1bqg b
aq o3 buiob w,|

You don’t need to
make a table like in
the lab manual but

you can.

18



3. Procedure: What we are doing today.

You will be turning in results on-line today. Many of
the numbers are small, such as 0.001402 M. You can
enter this number just as shown: 0.001402 M... 3

..
@
BUT if you use exponential notation, there is only one
correct way to enter this sort of data so Excel can
recognize it. Use this E format and NO spaces at all:

1.402E-

There are no spaces
except to add units.

1.402E-3 M

5&&.&3 resultm '«':s..-l::- is ok 19



3. Procedure: What we are doing today.

So let’s talk about
some titration tricks!
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4. Tricks of the trade

"One easy way to start exactly
at the mark is to draw the
solution up past the mark,
hold your finger firmly on the
top and hold the tip of the
pipet on the bottom of the D
beaker. Roll your finger
slightly off the pipet and
solution will slowly drop.

.
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4. Tricks of the trade
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FWe can touch the pipetto The best “Trick of the trade” is that
the side of the receiving we can speed titrate! Remember
vessel in order to dislodge how the volumes of NaOH added
a hanging drop, however. were so similar in Slide 15? That
lets us “speed titrate” and get out
a bit earlier. Remember how the
first titration took 14.22 mL? That
means the other titrations will take
about the same — so we can jet in
the first 12 or 13 mL and then slow
down for the perfect pink.
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5. Your lab report

@ First, the cover page with TA initials.

@ Next, the trimmed copy pages from
your lab notebook stapled together.

@ On-line results due at the end of class
today. Late submissions are not
graded — see the syllabus.

@ Turn in lab report today or before the
start of class tomorrow. Late labs may
not be graded — see the syllabus.

inspired by xkcd
cartoons by Randall Munroe
(www.xkcd.com)
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This is probably irrelevant for your
lab report, but last night
dreamed | was huge.
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Chem Lab with the Stick People and Bird was created and produced by
Dr. Bruce Mattson, Creighton Chemistry. Enjoy it and share it if you wish.




