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Introduction:

This lab-based upon the idea of acid-base titrations. This is a systematic process where a known concentration
of an acid or a base, which can be used to solve for an unknown concentration of an acid which is added a
solution until equilibrium has been reached. Equilibrium is the state in which the number of moles of the acid
and the base is equal, at this point in the experiment the titration is complete. In an attempt to understand this
process, the Bronsted-Lowry Theory and the Lewis Acid-Base Theory derive an excellent explanation. These
theories are used to distinguish acid and bases. Through the Lewis Acid-Base Theory, acids are described as
something that accepts electron pairs ( electron acceptor)However, bases lose electron pairs (electron donor).
Essentially, the Bronsted-Lowry Theory explains that acid will donate a proton and that a base will accept a
proton.

Procedure:
Followed from the lab manual: Dr. R. Venkateswaran, “Oh How Bitter a Thing It is” Acid-Base Titrations.
Discussion:

1. Does it matter what volume of concentrated NaOH you use in the beginning?

the volume of concentrated NaOH that is used during the beginning does not matter since it is diluted in
a volume of a concentrated solution along with distilled water, creating a new solution. The initial volume of
concentration is irrelevant because the NaOH was diluted with H2O producing a stock solution.

2. Why do we determine the concentration of the NaOH just before we use it?

the concentration of NaOH is determined just before it is used, so that the equation C1V1=C2V2 is
equal. This allows the concentration of NaOH to be found so that the concentration of the unknown acid can be
identified

3. How do the volumes at equivalence point determined by Logger Pro compare to the volumes at which
you observed the color change (endpoint)?

The volume at the equivalence point is determined when the color changed from transparent to a light
purple/ pink , while using the color indicator method. However, using Logger Pro has much more accuracy,
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since the color indicator method may not have calculated the volume of the solution at its fully achieved
equivalency.

4. What are the sources of error inherent in the experiment? How does each source of error contribute to
the result (ie. does it increase or decrease the value of the concentration?)

Sources of error in the experiment occurred while using LabQuest 2, could be that the lab quest would
accidentally get paused before the drops stopped, leaving more drops added to the mixture than recorded As
well, the way we had our beaker placed under the dropper, was positioned in a way that some drops could have
possibly been hitting the side of the beaker. Meaning some of the drops were possibly being recorded but not
fully-added to the solution.

5. ADDITIONAL: in the titration of the unknown acid ONLY, for the following amounts of the added
base, DRAW the species you expect to have in solution. If there are MORE than one species, you can indicate
them all and their approximate ratios. Explain WHY you expect to see those species in those ratios. (you can
draw the molecule/ion or write its chemical formula)

a) At 0 mL of added base

The only species are H2C6H507(aq), and H30+(aq)
b) At midway to the first equivalence point

Very little NaOH due to it being a strong base

Little Na, H2C6H507-(aq), Na+(aq), H20(I) and OH-.
c¢) At the first equivalence point

Only NaOH (aq), H2C6H507-(aq), Na+ (aq), H20 (1)
d) At midway to the second equivalence point

Species are H2C6H507 HC6H507 Na and H20
e) At the second equivalence point

HC6H507, Na+, and H20 are present

No protons donated as it is at the equivalence point
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Conclusion:

e The average concentration of NaOH was 0.05M. Using said data,
e the average concentration of the unknown acid was 0.05M.

Reference(s):

“What in the World ISN'T Chemistry”, General Chemistry Laboratory Manual, Dr. Rashmi
Venkateswaran, 2019

Appendix:

Raw Data
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Additional Data

Trial 1 -HCL
Ruin 1 - Runi— E Run1'—
Volume pH Vo Valume pH Vo Vaolume pH Vol
1 {mnl' :m-n 2 64 - fnt) i L {n
_1 | ( 2 5 113 6400 124 172 arri 11 29
_2 0.057 £.90 14| 6457 423 173 9 529 11 30
3 0.114 2 58 115] 6514 145 174 o BEEG 1129
4 0171 2 6 116 6571 134 175 0043 1129
3 0220 2 56 17 6629 424 176 10.000 11.31
6 0286 262 118 6686 407 177 10057 1132
7 0343 2.58 118 6.743 409 178 10114 11.35 |
8 0.400 2.8 120 6800 4 23 179 10171 11.35
9 0457 259 121 6857 1 56 180 | 10229 11.36
_10 ] 0514 2 58 J122. 6914 5.38 J1e1 10 786 11 34
=k Al 0571 2 54 123 6971 567 182 10.343 137
12 0.629 2.58 124 o2 596 183 10 400 1.38
13 0 686 271 125 7 006 642 184 10 457 11.37
if 0. L4 460 126] 7143 6.75 185 10514 1137 |
15 0.800 2.62 127 F200 T 14 186 10.571 | 1138
16 0.857 2 654 128 7257 801 187 10 629 11 41
L 0914 261 128 7314 B94 188 10 688 1141
18 0971 263 130 730 821 189 10743 11 41 |
19 1.029 261 131 7428 935 190 10 800 1130 |
20 1.086 262 132 7486 947 191 10 857 1147
21 1.143 2.62 133 7543 981 102
= ) = e — —

Volume .Volltijme -Vblume
mL mL mL

pH | pH | pH

Initial pH pH at colour change Final pH

Colour change (approximation): pH=6.75 vol=7.143mL
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Trial 2 -HCL
f Hun 1 -
YValume pH
{mL}

1 0,000 402
2 | 2 62
i 5 007 262
e, 2 i 7 ;‘ f_.‘l
e 0 0143] 20 263

5] 174 274
3 114 2 63
_2 267

a 286 264
10 0.321 2 64
s Ll 57 2 64
12 | 343 264

13 4240 2 65
A4 4 265
15 500 2 64
16 6 2 G&
AT 571 | 214

‘I.ﬂ Ba7 | 2 GE
19 0.543 | 2.60
E 670 266
2 F14 9 BR

Antle9

o H._" 1
Yalume pH
(i)
- 1178
S 0 1178
aE nm 1160
171 1180
33| 1180
S0 R 1180
#al i e
38| 2 11 80
c 1L AR 1162
B| i uejl
A 1135 1181
a0 i 11 A1
R 14 11 61
BLrr 11464 11.61
323 11 500 1162
7| INNEECT Y
Zeal 11571 11 62|
v AL 1162
T 1 1162
Sl 1t
i)

P Rl 1
Voluire pH
L)
_____ WY 44
a4 <006 4 BE
115 407 a3l
116 107 5 55
1T 143 602
mel 3 e
118 Ld1e  G43
120 § 250 £.63
121 PG G B0
22 4321 702
i1 IR T
124 L 393 7 A
12_:&- A4 TE3
124 1 A4 778
127 i 500 787
128 b b LRLY
129 $ 571 B.14
130 i GOT B 29
1 Fl4 B 40
132 | 679 B 64
133 P 714 75 E

pH

Volume
mL

Initiad pH

Volume

mL

pH gt colour change

Colour change (approximation): pH=7.00 vol=4.300mL
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Trial 3 -HCL
Run 1 it Riin1 S0 ' |
Volume pH Volume pH Volume pH
(mL) . (mL) (mL)
D) 0 000 2508 (207] 7357 629 [ =g 5571 3%
18 0.071 258|||208] 7429 CATHNE281] a6 1132
i o 0107 258 || 210] 7464 8470 Mgl 91 1m
5| 0143 258 || 211] 7500 6590 0i283] 9357 1134
. 0.179 258 || 212 7538 662 hioRe| 9303 1135
f 0214 258|213} 7571 6.69 | 1 ¥ 965 0470 1137
B 0.250 258| ||214] 7607 G770y F266] o4 1137
8 0.286 258 |1218] 7643 6881l | i267| o500 1138
10 0.321 258 |H216] 7679 89915 e8| 9536 1139|E
"y 0.357 258 || 217 7714 TUE2eel  astt 1140)
ol 0.393 258 | 1218 7.750 7300 Wh2r0l 9607 1140
a3 0.429 260 | 219 1.786 T4 R2T|  osa3 1140
g 0.464 263 || 220 7821 15T hE2r2]  o6Tg 1141
15 ] 0.500 264 | || 221 7857 7600 far3] 9714 1142
18 | 0.536 263 ||222] 7893 Te3lM 278 9750 1144
i 0.571 264 ||223] 7929 TO0LAED78| 9786 1144
18 | 0607 267 || | 224 7.964 BATH P R2TB] @82 1145
19 | 0 643 2 71| | 225 &.000 B24l B 0277|9857 1146
20 0679 274 | 1226 6036 B3T|pI278] 980 114710
237 0714 2 78 ||uf 1227 8071 @a 279 r
Al i =" a4y = I s -

Initial pH

pH at colour change

Final pH
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Colour change (approximation): pH=6.60 vol=7.520mL
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Trial 1 - Unkown acid

Run 1

Volume pH
{mL}

1 00060 2 04

il

IT.

Initial pH

|

n1

Volume

pH

(mi.)
] !;_.-:.

1288] 10250
289 | 0.286
281 357
292 | ).393
208] 104
204 T

P --_-l

BERE

I

i

850
564
866
B.72
8.75
B 06
8.06
819
825
8934

a42

945
8.55
9.59
8.71
961
g 66
0 B8
999
10.07

i3 1013
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g€

2
Pl | Pl | Pl s
i
|

12 02
1202
12.03
12.01
1201
12.03
12.02

1203

12.03
12.05
12.03
12.05
1202
12 03
12.03
12,00
1205
1205
1205
12.05

Hif

a50ll 21179
505] 21214
59| 2125
507| 01 o
o881 21321
600 21393
BO01} 21429
802 21464
6031 21500
80| o1
605

PH

pH

mL

Volume

pH al colour change

mL

Volume

Final pH

Colour change (approximation): pH=9.00 vol=10.120mL
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Trial 2 - Unknown acid

Run 1 i Hlin 1 a s Hin 1
Volume pH Volume pH Volume pH
(mL) (mlL) {mL}
1 0 000 282 ﬂ 230 8500 740 462 16.464 11 82
2 0.036 2 B2 |k 240 8 536 7 40 463 16,500 1183
3 0.071 282 241 8571 740 464 16.536 11.83
4 0107 282 242 B 60T 772 465 16571 11 83
5 0.143 282 243 B 643 781} | 466 16 607 1183
6 0179 282 244 BG79 ¥ 64 467 16 6543 1163
7 0214 2 B2 245 B714 7.71 468 16.679 11.83
g 0.250 2 82 246 8.750 7.84 469| 16714 11,84
] 0.286 283 247 8.786 7920 || 470 18.750 1184
10 0.321 2 84 1248 8821 8.03 | i 471 16.786 11.84
KR 0.357 2 84 249 8 857 8.04 [ 472 16821 11 04
12 0.383 2 B4 250 8883 B.0G§ 473 16857 1185
13 0.429 2 84 251 8.929 B.06 474 16 893 11 85
EL S 0.454 284 252 8 064 8.07 475 16,920 11.85
15 0.500 285 253 9.000 a.12 476 16.964 11.85
A6 0.536 285 254 9.036 B.18 477 17000 1185
17 0.571 2 B5 255 8071 B200 N 478 17.036 11.85
18 0.607 285 256 9.107 8.21 479| 17071 11.85
19 | 0.643 2 B6 257 9143 B834f | 480 17 107 11 86
20 0679 287 258 9.179 8.46 4811 17.143 11.86
2 D714 280 |of 259 8214 B.53 462 i
'ﬂ. I L 1 j 'H EJ' D-I: # = I 5L|'

Initial pH pH af colour change Final pH

Colour change (approximation): pH=8.20 vol=9.071mL
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Trial 3 - unknown acid

Run 1 - E"H T ;-'.{II'I 1 b
U?Iul-r;'e pH Volume '| pH Volume pH
m
= 0.000 309 8 Fosp {mEI:?I'.rE'.j | FE 315 H‘.IH:JE'M 11.23
_2 | 0036 308\ \oa7| 8788 r4qf | 316]  11.250 1123
4 0071 3 08 248 8.821 ra3f | 3171 11286 1123
4 0.107 305 249 B B57 757| | 318] 11321 11.23
9 | 0143 304 250 8803 raaf | 3181 11357 11.24
6 0179 3030 | I25¢ 86729 1] | 320 11.393 11.25
] 0214 3.02 252 8 064 Tral | 321 11429 1125
8 0.250 3.00 253 g 000 77al | 322] 11484 1127
9 0 286 300 - 254 g 036 778 | 323 11.500 112708
10 | 0.321 2980 | 255 9.071 Tai|l 1324 11 536 1127
n 0.357 2.99 256 9107 rasf| 35| 11571 1128
A2 0393 2991 | 357 5143 7] | 326] 11607 11.30
13 0429 2900 | 1258 9179 Te7l | 327 11.643 11.31
14 | 0 464 299 | | 258 0214 To0l | 328 11679 11.33
45| 0500 290 | i280] o2s0 roaf | 328] 11714 1135
16 0536 3.02 261 9 286 748 J 3301  11.750 1135
17 0571 300 | |262] g 321 084 331 11.786 11 34
18 0.607 3.00 263 0357 s20f | 332] 11821 11.34
19 | 0643 3.01 | 284 0 393 30 | 333 11 857 1133
20| 0679 301 285 9429 837 | 334] 11893 11.34
21 0714 290 | | 266 g 464 847 335 o
= ! g | o — g R o —

Imitial pH pH at colour change Final pH

Colour change (approximation): pH=7.60 vol=8.860mL
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Monoprotic acid observations

Variables Trial 1 Trial 2 Trial 3
Initial glass burette 16.2 ml 20.5 mi 21.1ml
reading
Final glass burette 6.1 ml 14.5 ml 11.1 ml
reading
Initial plastic burette 40 ml 40 mi 40 ml
reading
Final plastic burette 29.143 28.321 30.107
reading
Initial pH 2.54 2.62 2.58
Final pH 11.47 11.82 11.47
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Sample Calculations

1. Use the initial volume of NaOH, its initial concentration, and the total volume to

determine the approximate concentration of your NaOH solution, in mol/L
Equation: C1V1 = C2V2
C1=6M
V1= 0.0044L
V2=0.249.4L

C2=C1V1/V2

= (6M)(0.0044L)/(0.249.4L)

=0.106 M = 0.1 (one sig fig)

2. Use Logger Pro to determine the equivalence point of your titration......
Trial 1-Hcl acid
C of HCI= 0.100M
V of HCI= 0.010L
V of NaOH=0.04 L
C of NaOH V of NaOH= b/a CHCIVHCI
C NaOH= C HCI V HCI / V NaOH
= (0.100M)(0.0100L)/(0.040L)
= 0.025M

Trial 2
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3. Repeat the procedure outlined in Step 2 of the Calculations to find the exact volume of base used to titrate
the unknown acid

Equation of acid: H2A(aq) + 2NaOH(aq) — Na2A(aq) + 2H20

2nAcid = nNaOH

2 CAcid V Acid = C NaOH V NaOH

C Acid= C NaOH V NaOH/q(2)(VAcid)

CNaOH= 0.025M

VNaOH= 0.040L

V of Acid= 0.0100L

CAcid= CNaOHVNaOH/((2)(VAcid)

CAcid= (0.025M)(0.040L)/ ((2)(0.0100L))

= 0.0500M
4. Use your visually observed end points for both the HCI and the unknown acid to calculate a second
concentration for your HCI and your unknown acid (the calculation is identical, but you do not need to

use LabQuest/Logger Pro data).

Trial 1 - HCI acid

Vbase = 0.008457L
b/a = 2 * Diprotic

Vacid = 0.1201L

C base x V base = (b/a)(C acid x V acid)
(C base x V base)/(b/a)/V acid = C acid

C acid = (1.4mol/L x 0.008457L)/(2)/0.1201L
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C acid = 0.049291423mol/L

C acid = 0.05mol/L

Trial 2 - Unknown acid

V Base = 0.010714L

Base /Acid = 2 — Diprotic

V acid = 0.12L

C Base x V base = (b/a)(C acid x V acid)
(C base x V base)/(b/a)/V acid = C acid

C acid = (1.1mol/L x 0.010714L)/(2)/0.12L
C acid = 0.049105833mol/L

C acid = 0.05mol/L



