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Introduction: The Arrhenius definition for acids is that they are proton donors when dissociated in water. The Arrhenius definition of bases is that they are hydroxide ion donors when dissociated in water. Together, these two ions produce water, a product of an acid-base reaction. 

When describing acids and bases, their strength and concentration are used. Strength refers to whether or not it is a strong or weak acid/base. Strong acids/bases dissociate completely in water into their ions. Weak acids/bases only dissociate partially in water. Concentration refers to the number of moles in a given volume. The higher the concentration, the higher the ratio or acid/base in water and vice versa. The concentration is given in the following formula:

Concentration (mol/L) = amount of solute (mol)/volume of solution (L)

This lab is considered a titration lab because we are using the information collected in the lab to find an unknown value. In this case, it is to find the concentration of an unknown diprotic acid. The concentration of the unknown acid is found while manipulating 

C1V1 = C2V2

Using the molar ratio of the balanced chemical equation in order to obtain

2cbaseVbase = cacidVacid

This equation was used to find the concentration of Unknown Acid #2. The concentration was found to be 0.244M.


Method: Please refer to “Oh How Bitter a Thing it is…” Acid Base Titrations on Brightspace.

· Safety equipment is put on
· The drop counter is calibrated to the set plastic burette speed with LabQuest
· A diluted solution of NaOH is made using 200mL of distilled water and 6M NaOH
· The diluted solution of NaOH is then standardized to find its concentration and recorded through LabQuest, This is done 3 times total to get an accurate value.
· The acid burette is filled with the unknown acid then titrated with the now standardized NaOH to find its concentration. All results are collected through LabQuest. This is done three times to get an accurate value.
· Area is cleaned, all solutions are properly disposed of and results are signed.


Data Collected: (For data tables, check the end of the report)[image: ]
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Calculations: 
Standardization values
	Finding the concentration of NaOH

	Trials
	Volume of (0.100M) HCl added (L)
	Equilibrium value of NaOH using first derivative (L)
	Concentration of NaOH
C1V1 = C2V2

	Trial 1
	1.00 x 10-2
	6.357 x 10-3
	0.157M

	Trial 2
	1.00 x 10-2
	6.500 x 10-3
	0.154M

	Trial 3
	1.00 x 10-2
	6.107 x 10-3
	0.164M

	Average Concentration
	0.158M


Use concentration formula to obtain concentration of another solution in the mixture
C1V1 = C2V2
(0.100M)(0.0100L) = C2(0.06357L)
C2 = (0.100M)(0.0100L)/(0.06357L)
C2 = 0.1573M

2 NaOH + H2A [image: File:Equilibrium sign 15.png] 2 H2O + 2 NaA

	Calculations to find number of moles of NaOH used in the reaction with the unknown acid

	Trials
	Volume of 0.1583M NaOH using first derivative
	Moles of NaOH
Nbase=CbaseVbase

	Trial 1
	7.50 x 10-3
	1.19 x 10-3

	Trial 2
	7.25 x 10-3
	1.15 x 10-3

	Trial 3
	8.25 x 10-3
	1.31 x 10-3

	Average
	7.67 x 10-3
	1.27 x 10-3


Rearrage C=n/V to obtain the number of moles
Nbase = (0.1583M)(0.0075L)
	Volume of the Unknown Acid

	Trial
	Volume (L)

	Trial 1
	0.0100

	Trial 2
	0.00982

	Trial 3
	0.0100



2 nbase = nacid

Concentration of unknown acid #2:
2 x concentrationbase + Vbase = concentrationacid x Vacid
2cbaseVbase = cacidVacid

	Finding the concentration of H2A

	Trial 
	nbase (mol)
	nacid required (mol)
	Volume of H2A used (L)
	Finding the concentration of H2A using
2cbaseVbase = cacidVacid


	Trial 1
	1.19 x 10-3
	2.37 x 10-3
	1.00 x 10-2
	0.237M

	Trial 2
	1.15 x 10-3
	2.30 x 10-3
	9.82 x 10-3
	0.234M

	Trial 3
	1.31 x 10-3
	2.61 x 10-3
	1.00 x 10-2
	0.261M

	Average concentration
	0.244M



Manipulating C1V1 = C2V2 according to the molar ratio between NaOH and a diprotic acid to find the concentration of the diprotic acid
Trial 1:
2cbaseVbase = cacidVacid
2(0.158M)(7.50 x 10-3) = cscid(0.0100L)
Cacid = 2(0.158M)( 7.50 x 10-3)/( 0.0100L)
Cacid = 0.237M

Discussion:

During the lab performed, we standardized the diluted NaOH using the known value of previously standardized HCl. When this was done, the concentration was found which was then used to find the concentration of an unknown diprotic acid. It is important to determine the concentration of the diluted NaOH before it is used in order to accurately determine the concentration of another unknown concentration. The concentration of Unknown Acid #2 is 0.244M.

During the last trial of neutralizing the unknown acid, halfway through, it was discovered that the drop counter was not detecting the drops and thus skewing the results. In between the process of starting a fourth trial, the base dropper was actually knocked out of place which would change the volume amount recorded by the drop counter and LabQuest. Because of this, the third trial is slightly skewed away from the first two trials. 


Species in each stage:
[image: ]
a) There should only be the dissociated ions of the unknown diprotic acid
b) There should be “75%” of the diprotic acid protons with 25% of the sodium ions as only 25% is reacted at the 25% mark. Half of the monoprotic acid remains.
c) All of the first protons of the diprotic acid are consumed leaving the monoprotic version of the acid and half of the final salt is formed.
d) Only 25% of the total ions are left. 75% of the salt is formed and there still remains. 25% of the monoprotic acid remains to be consumed.
e) All of the acid and base is consumed, leaving only the water formed and the salt.

Conclusion: 

After the concentration of diluted NaOH was found, the concentration of an unknown diprotic was found to be 0.244M through calculations. 



Data Tables for the following respectively:
Trial 1 for the Standardization of NaOH
Trial 2 for the Standardization of NaOH
Trial 3 for the Standardization of NaOH
Trial 1 for the Standardization of Unknown Acid 2
Trial 2 for the Standardization of Unknown Acid 2
Trial 3 for the Standardization of Unknown Acid 2
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Run1

Volume pH
(mL)
1 0.000 213
2 0.036 213
g 0.071 213
4 0.107 214
5 0.143 215
6 0179 215
7 0.214 215
8 0.250 215
9 0.286 215
10 0.321 216
1 0.357 216
12 0.393 216
13 0.429 216
14 0.464 217
15 0.500 217
16 0.5636 217
17 0.571 217
18 0.607 217
19 0.643 218
20 0.679 217
21 0714 219
22 0.750 219
23 0.786 219
24 0.821 219
25 0.857 2.20
26 0.893 2.20
27 0.929 2.20
28 0.964 2.20
29 1.000 2.20
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169 6.000 3.52 1.407
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172 6.107 3.68 2.873
173 6.143 3.70 2.485
174 6.179 376 4.262
175 6.214 4.08 4.901
176 6.250 4.04 7.507
177 6.286 4.47 13.054
178 6.321 5.21 12.465
179 6.357 5.48 8.653
180 6.393 574 6.688
181 6.429 5.90

182 6.464 6.17 __19.
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150 5.321 293 0.508
151 5.357 294 0626
152 5.393 298 0646
153 5.429 298 0668
154 5.464 301 0.969
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170 6.036 375  12.002
171 6.071 389 32079
172 6107 681 32979
173 6143 6.90 19187
174 6179 753 19.498
175 6.214 770 32677
176 6.250 1053 30.760
177 6.286 1059  11.348
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200 7107 679 0385
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210 7.464 709 20379
21 7500 900 23.074
212 7536 920 13.974
213 7571 9.49 15300
214 7607 1046 12.683
215 7643 1060 6125
216 7679 1067 4246
217 7714 1091 2456
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186 6.607 715 1.267
187 6.643 728 0472
188 6.679 717 -0.069
189 6.714 722 0683
190 6.750 724  1.052
191 6.786 730 1403
192 6.821 735  1.358
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204 7.250 8.85 15.552
205 7.286 9.74  13.670
206 7.321 9.87  9.940
207 7.357 1035  8.074
208 7.393 1049 5417
209 7.429 1074 3182
210 7.464 1071 1176
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84 2.964 306 0421
85 3.000 308  0.399
86 3.036 309 0364
87 3.071 310 0.503
88 3107 313 0583
89 3143 314 0828
90 3179 319 0919
91 3214 321 0700
92 3.250 324 0376
93 3.286 323 0349
94 3.321 326 0514
95 3.357 327  0.639
96 3.393 330  0.901
1 97 3.429 335 0817
98 3.464 336 0722
99 3.500 339 0783
100 3.536 342 0829
101 3.571 345 0932
102 3.607 347 1328
103 3.643 355 1646
104 3.679 361 1625
105 3714 366 1674
106 3750 372 1873
107 3786 380 2045
108 3.821 387 2153
109 3.857 393 2671
10 3.893 405  3.490
m 3.929 420 3933
12| 3964 432 4.495





image15.jpeg
gO- ’).mun ﬁ&\lﬂﬂ.ﬁ}\w

] WOE =~ +

HWQQ 9l Tl <=

A eSS

dﬂi H@r l/l.ﬁ..





image16.jpeg
SO
> FOA

g A'.é,cﬂf 0 DA oW YO

exrd (U0

B O LAY O




image17.jpeg
o i 17 ¢

Ly.\u.u..uuw WJ&S@@J
:QA \U*DQ.I(\.CAJ -

(3a) J)}o//)_ S\ 4N Y —

SUENNTR) Suieu Joquiow We3L

1031100 0] PIYSE UaYM syuswaao1dur] . S[oyM B SE YIom 21 O3 gonnquiuo) e
s1o10 [ Suoe 108 03 QY . yiom Jo Supend  «
uﬂuommmwn«z,o:otﬁuoﬂmnoo ‘SIoquUIdUI UIed} MO[[3} o4 Jo y1om 3y Surssasse U]

-SI210 YIIM JUSWSSISSE ST JO SUANUOD apqissod 10 SJuIU0d A
*uLI0¥ STY} P2 ABWI NOX
-suorsses Suruueld 10J 8T 03 dn pue s}10da1 10] SIOqUAW €-z JO 1SISUOD ARWl SWEL,
-rea) 2y} JO JOqUIDW J2TI0 OB Sunen[eAd WLIOJ JUIUWISSASSE dUO WIS 1ST J2qUIDWL WE] I
_M INFWTHAIXE YOI W0 NOLLVOTVAH ¥ddd TVLLNAAL NOO
0O

S
0

SSNISIP 10 3Ieys 10U 0(

AU :(INRId) SWVN IN0A
1) HSAN0O

uweN V.L \





image1.png
-

Standardizatiorr of NaOH Trial 1

| I
Statistics for: Run 1| First Derivative Trial 1

‘min: 1.866 at 6.536 max: 57.03 at 6.357

mean: 13.99 median: 4.669
std. dev: 18.33 samples: 15
2y: 55166

iy

50
]
S
2 30
g
g
g
I
3
10
10
0
(8x0.51y:0.3)

Volume (mL)





image2.png
pH  First Derivative Trial 2

Standardization of NaOH Trial 2

s

40
Statistics for: Run 1 First Derivative Trial 2
min: 0.5477 at6.036 max: 46.48 at 6.500
mean: 11.08 median: 6.688
std. dev: 1316 samples: 19
By: 45,934
30
20
10+
0 -
T
o 4

Volume (mL)





image3.png
First Derivative Trial 3

pH

Standardization of NaOH Trial 3

30
o ]
Statistics for: Run 1| Fist Derivative Trial 3
min: -0,03538 at 5,857 max: 32.98 at 6107
mean: 1314 median: 8.649
std. dev: 12.83 samples: 16
2y:33015
20 -
10
0 ooy, oy
o

Volume (mL)





image4.png
First Derivative Trial 4

pH

Titration of Unknown Acid Trial 1

|
20
Statistics for: Run 1 | First Derivative Trial 4
min: 0.6619 at 7.357 max: 23,07 at 7.500
mean: 7,046 median: 3.351
std.dev: 7.592 samples: 16
8y:22.413
15
10
5|
0}

T T T
4
Volume (mL)





image5.png
First Derivative Trial 4

pH

Titration of Unknown Acid Trial 2

Statistics for: Run 1| First Derivative Trial 4
min: 1176 at 7.464 max: 16,55 at 7.250
mean: 7.073 median: 5.417

std. dev: 4764 samples: 11

8y:14.376

15
Statistics for: Run 1 | First Derivative Trial 4.
min: -1680 at 3143 max: 5,778 a13.464
mean: 2539 median: 2.084
std.dev: 1.957 samples: 21

10| 1y:7.458

5|

0

0 2

T
4

Volume (mL)





