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OrDER THESE CHEMICAL SPECIES BY INCREASING PH OF AN 0. 1M AQUEoUs SoLuTioN OF EACH. THAT Is, IMAGINE MAKING A
SERIES OF SOLUTIONS W/ITH DIFFERENT CHEMICAL SPECIES AT A CONCENTRATION OF (. TM EACH. UNDERSTANDING HOW VARIOUS
SUBSTANCES INFLUENCE THE PH OF THEIR AQUEOUS SOLUTIONS IS FUNDAMENTAL IN CHEMISTRY, ESPECIALLY WHEN PREDICTING
THE ACIDITY OR BASICITY OF UNKNOWN SOLUTIONS OR DESIGNING BUFFERS. THIS ARTICLE PROVIDES A COMPREHENSIVE GUIDE TO
RANKING CHEMICAL SPECIES BASED ON THEIR PH LEVELS WHEN DISSOLVED IN WATER AT EQUAL MOLAR CONCENTRATIONS, ALONG
WITH EXPLANATIONS OF THE UNDERLYING PRINCIPLES GOVERNING THESE BEHAVIORS.

INTRODUCTION TO PH AND CHEMICAL SPECIES IN AQUEOUS SOLUTIONS

THE PH SCALE MEASURES THE ACIDITY OR ALKALINITY OF A SOLUTION, RANGING FROM 0 (MOST ACIDIC) To 14 (MOST BASIC),
WITH 7 BEING NEUTRAL. W/HEN A CHEMICAL SPECIES DISSOLVES IN WATER, IT CAN EITHER DONATE PROTONS (H+ IONS), ACCEPT
PROTONS, OR REMAIN NEUTRAL, THEREBY AFFECTING THE PH OF THE SOLUTION.

KEY FACTORS INFLUENCING THE PH OF A SOLUTION INCLUDE:
- \WHETHER THE COMPOUND IS AN ACID, BASE, OR NEUTRAL
- THE STRENGTH OF ACIDS AND BASES (STRONG VS. WEAK)
- THE DEGREE OF IONIZATION/DISSOCIATION IN WATER

- THE MOLECULAR PROPERTIES OF THE SPECIES INVOLVED

IN AN AQUEOUS SOLUTION, STRONG ACIDS AND STRONG BASES DISSOCIATE COMPLETELY, LEADING TO SIGNIFICANTLY DIFFERENT
PH VALUES COMPARED TO WEAK ACIDS AND WEAK BASES, WHICH ONLY PARTIALLY DISSOCIATE.

UNDERSTANDING AcCIDIC AND BAsic CHEMICAL SPECIES

To ACCURATELY ORDER CHEMICAL SPECIES BY INCREASING PH, \WE NEED TO UNDERSTAND THE BEHAVIOR OF COMMON ACIDS AND
BASES IN WATER.

STRONG AcCIDS

- FULLY DISSOCIATE IN WATER

- ExAMPLES: HyprocHLORIC AciD (HCL), HyprosroMic Acip (HBR), Hyorolopic acip (HI), NiTric acio (HNO,), SULFURIC
acio (H,S0O,)

- RESULT IN HIGH CONCENTRATION OF HT 1oNS: THUS, VERY Low PH (<3)

Weak Acips

- PARTIALLY DISSOCIATE
- ExampLEs: AceTic Acip (CHaCOOH), Formic acip (HCOOH), OxALIC ACID



- RESULT IN MODERATE H* CONCENTRATIONS; PH TYPICALLY BETWEEN 3 AND &

STRONG BASES

- FULLY DISSOCIATE IN WATER
- EXAMPLES: SobIUM HYDROXIDE (NAOH), PoTAssIUM HYDrOXIDE (KOH), BARIUM HYDROXIDE (BA(OH),)
- LEAD TO HIGH OH™ CONCENTRATIONS; PH TYPICALLY ABOVE 12

\WEeak BASES

- PARTIALLY ACCEPT PROTONS
- ExAMPLES: AMMONIA (NH;), METHYLAMINE, ANILINE
- RESULT IN MODERATE OH™ CONCENTRATIONS: PH TYPICALLY BETWEEN 8 AND 11

NeuTRAL COMPOUNDS

- NEITHER DONATE NOR ACCEPT PROTONS
- EXAMPLES: PURE WATER, SALTS DERIVED FROM STRONG ACIDS AND STRONG BASES (€.G., NACL)
- PH oF ARoOUND 7

ORDER OF CHEMICAL SPECIES BY INCREASING PH

W/HEN 0. TM SOLUTIONS OF VARIOUS CHEMICAL SPECIES ARE PREPARED, THEIR PH VALUES REFLECT THEIR ACID-BASE
STRENGTHS. THE ORDER FROM MOST ACIDIC (LO\X/EST PH) TO MOST BASIC (HIGHEST PH) GENERALLY FOLLOWS THE STRENGTH
OF THEIR ACID/BASE BEHAVIOR.

TYPICAL ORDER:

1. STRONG ACIDS (LOWEST PH)
2. WEAK ACIDS

3. NEUTRAL SOLUTIONS

4. \WEAK BASES
5. STRONG BASES (HIGHEST PH)

STeP-BY-STEP EXAMPLE: RANKING COMMON CHEMICAL SPECIES

LET’S ANALYZE SPECIFIC COMMON SUBSTANCES AT O.TM CONCENTRATION TO ILLUSTRATE THEIR RELATIVE PH VALUES.

STRONG ACIDS

- ExampLe: 0. TM HCL
- DISSOCIATES COMPLETELY



-PH= 1T

WEAk AcIDs

- ExampLe: 0.TM AceTic acip (CH,COOH)
- PARTIALLY DISSOCIATES
- APPROXIMATE PH & 2.9-3.0

NeuTRAL COMPOUNDS

- ExampLE: 0. TM NACL
- DOES NOT AFFECT PH SIGNIFICANTLY
-pPH=7

\WEeak BASES

- ExampLE: 0.TM AMMonia (NH,)
- PARTIALLY ACCEPTS PROTONS
-pH= 11.2

STRONG BASES

- ExampLe: 0. TM NAOH
- FULLY DISSOCIATES
-pPH= 13

THUSI THE ORDER FROM LOWEST TO HIGHEST PH IS:

HCL < AceTic acib < NACL = 7 < AMMoNIA < NAOH

FAcToOrs AFFECTING PH BEYOND CONCENTRATION

W/HILE THE ABOVE EXAMPLES ASSUME IDEAL BEHAVIOR, SEVERAL FACTORS CAN INFLUENCE THE PH OF SOLUTIONS:

- |ONIZATION CONSTANT (K OR K_B)Z WEAK ACIDS/BASES HAVE SPECIFIC DISSOCIATION CONSTANTS THAT DETERMINE THEIR
DEGREE OF IONIZATION.

- TEMPERATURE: INCREASING TEMPERATURE CAN SHIFT DISSOCIATION EQUILIBRIA, AFFECTING PH.

- PRESENCE OF OTHER IONS: |ONIC STRENGTH CAN INFLUENCE ACTIVITY COEFFICIENTS, SLIGHTLY AFFECTING PH.

- PoLYPROTIC ACIDS: ACIDS LIKE SULFURIC ACID RELEASE MORE THAN ONE PROTON, AFFECTING PH CALCULATIONS.



CALCULATING PH For WEAK AcCIDS AND BASES

CALCULATING THE PH OF WEAK ACIDS AND BASES INVOLVES EQUILIBRIUM EXPRESSIONS:

Weak Acip ExampLE: AceTic Acip (CH,COOH)

THE DISSOCIATION:

\[ \MATHRM{CH_3COOH} \LerTrRIGHTARROW \MATHRM{H"+} + \MATHRM{CH_3COO"-}\]
THe expPressIoN For \(K_a\):

\[ K_a = \rrac{[\MATHRM{H"+}][\MATHRM{CH_3COO"-}]X{[\MATHRM{CH_3COOH}]} \]
AsSUMING INITIAL CONCENTRATION \(C = 0.1\) M anp \(x\) AS THE CONCENTRATION OF HY:

\[K_a =\rrAac{x"2}{C - x}\]

Since \(K_a\) For aceTic acib 1 ABouT \(1.8 \TiMes 107{-5}\), soLvING For \(x\) GIvEs THE HY CONCENTRATION, AND
THUS PH:

\[ \MATHRM{PH} = -\LoG [\MATHRM{H"+}] \]

SIMILARLY, FOR BASES, THE \(K_g\) EXPRESSION APPLIES.

IMPLICATIONS FOR LABORATORY AND INDUSTRIAL APPLICATIONS

UNDERSTANDING HOW TO ORDER CHEMICAL SPECIES BY PH IS CRUCIAL IN VARIOUS APPLICATIONS:

- BUFFER PREPARATION: SELECTING WEAK ACIDS/BASES TO BUFFER SOLUTIONS AT DESIRED PH
- ENVIRONMENTAL CHEMISTRY: ASSESSING SOIL OR WATER ACIDITY

- PHARMACEUTICALS: DESIGNING DRUG FORMULATIONS WITH SPECIFIC PH REQUIREMENTS

- CHEMICAL MANUFACTURING: CONTROLLING PH DURING REACTIONS AND PROCESSING

SUMMARY: KEY T AKEAWAYS

- THE PH OF A SOLUTION DEPENDS HEAVILY ON WHETHER THE COMPOUND IS AN ACID, BASE, OR NEUTRAL, AND ON ITS
STRENGTH.

- STRONG ACIDS AND BASES HAVE PH VALUES NEAR 1 AND 13, RESPECTIVELY, DUE TO COMPLETE DISSOCIATION.

- WEAK ACIDS AND BASES HAVE INTERMEDIATE PH VALUES, INFLUENCED BY THEIR DISSOCIATION CONSTANTS.

- NEUTRAL SALTS LIKE NACL DO NOT SIGNIFICANTLY AFFECT PH, MAINTAINING NEAR 7.

- THE ORDER OF CHEMICAL SPECIES BY INCREASING PH AT 0. TM CONCENTRATION GENERALLY FOLLOWS: STRONG ACIDS < WEAK
ACIDS < NEUTRAL SALTS < WEAK BASES < STRONG BASES.



CoNcCLUSION

IN CONCLUSION, WHEN ASKED TO ORDER CHEMICAL SPECIES BY INCREASING PH oF A 0. 1M AQUEOUS SOLUTION, IT’S ESSENTIAL
TO UNDERSTAND THEIR ACID-BASE NATURE AND DISSOCIATION BEHAVIOR. RECOGNIZING THE DIFFERENCE BETWEEN STRONG AND
WEAK ACIDS/BASES AND THEIR RESPECTIVE DISSOCIATION CONSTANTS ALLOWS FOR ACCURATE PREDICTIONS OF THEIR PH
VALUES. THIS UNDERSTANDING IS VITAL FOR CHEMISTS, ENVIRONMENTAL SCIENTISTS, AND INDUSTRY PROFESSIONALS WHO
MANIPULATE SOLUTIONS TO ACHIEVE SPECIFIC PH CONDITIONS FOR VARIOUS APPLICATIONS.

BY MASTERING THESE PRINCIPLES, YOU CAN CONFIDENTLY DETERMINE THE RELATIVE PH LEVELS OF DIVERSE CHEMICAL SPECIES AND
EFFECTIVELY DESIGN SOLUTIONS TAILORED TO YOUR NEEDS.

FREQUENTLY ASkeD QUESTIONS

How DOES THE NATURE OF THE CHEMICAL SPECIES AFFECT THE PH ofF A 0. 1M
AQUEOUS SOLUTION?

THE NATURE DETERMINES WHETHER THE SPECIES IS ACIDIC, BASIC, OR NEUTRAL. ACIDIC SPECIES RELEASE H+ IONS, LOWERING PH;
BASIC SPECIES RELEASE OH- IONS, INCREASING PH, NEUTRAL SPECIES HAVE LITTLE EFFECT ON PH.

\W/HICH CHEMICAL SPECIES AMONG ACIDS, BASES, OR SALTS WILL HAVE THE HIGHEST PH
IN A O.1TM AQUEOUS SOLUTION?

STRONG BASES, SUCH AS NAOH, WILL HAVE THE HIGHEST PH, TYPICALLY CLOSE TO 13-14, COMPARED TO ACIDS OR
NEUTRAL SALTS AT THE SAME CONCENTRATION.

\WHAT IS THE EXPECTED ORDER OF PH FOR THE FOLLOWING SPECIES: HCL, NAOH,
NH4CL, ano CH3COOH IN 0.1M soLuTIoNs?

ORDER FROM LOWEST TO HIGHEST PH: HCL (acipic), CH3COOH (weak Acip), NHACL (weAkLY Acipic SALT), NAOH
(STRONG BASE).

\WHY DOES A WEAK ACID LIKE ACETIC ACID HAVE A HIGHER PH THAN A STRONG ACID AT
THE SAME CONCENTRATION?

BECAUSE WEAK ACIDS DO NOT IONIZE COMPLETELY, RESULTING IN FEWER H+ 1oNs IN SOLUTION, THUS A HIGHER PH COMPARED
TO STRONG ACIDS WHICH FULLY IONIZE.

How CAN YOU PREDICT THE ORDER OF INCREASING PH FOR VARIOUS CHEMICAL SPECIES
IN AQUEOUS SOLUTIONS?

BY CONSIDERING THEIR ACID-BASE PROPERTIES, STRENGTH OF ACIDS/BASES, AND THEIR DISSOCIATION CONSTANTS (KA OR KB),
YOU CAN RANK THEM ACCORDINGLY.

W/ OULD A SALT DERIVED FROM A STRONG ACID AND STRONG BASE HAVE A NEUTRAL PH
IN SOLUTION? \W/HY?

YES/ SUCH SALTS TYPICALLY PRODUCE A NEUTRAL SOLUTION WITH PH CLOSE TO 7 BECAUSE THEIR IONS DO NOT HYDROLYZE
SIGNIFICANTLY IN WATER.



IF MAKING SOLUTIONS OF DIFFERENT CHEMICAL SPECIES AT 0.1M , HOW WOULD YOU
EXPERIMENTALLY DETERMINE THEIR PH ORDER?

USE A CALIBRATED PH METER TO MEASURE THE PH OF EACH SOLUTION AND THEN COMPARE THE VALUES TO ESTABLISH THE
INCREASING ORDER.

ADDITIONAL RESOURCES

OrDER THESE CHEMICAL SPECIES BY INCREASING PH OF AN 0. 1M AQUEouUs SoLuTioN OF EAcH: AN IN-DepTH
INVESTIGATION

INTRODUCTION

UNDERST ANDING HOW DIFFERENT CHEMICAL SPECIES INFLUENCE THE PH OF AQUEOUS SOLUTIONS IS FUNDAMENTAL TO THE FIELDS
OF CHEMISTRY, ENVIRONMENTAL SCIENCE, AND ENGINEERING. THE PH OF A SOLUTION—A MEASURE OF ITS ACIDITY OR
ALKALINITY—IS DETERMINED BY THE NATURE AND STRENGTH OF THE SOLUTES DISSOLVED IN WATER. WHEN PREPARING 0.1 M
SOLUTIONS OF VARIOUS CHEMICAL SPECIES, THEIR INTRINSIC ACID-BASE PROPERTIES DICTATE WHETHER THE SOLUTION WILL BE
ACIDIC, NEUTRAL, OR BASIC, THEREBY AFFECTING THE PH.

THIS ARTICLE AIMS TO SYSTEMATICALLY ANALYZE AND ORDER A SET OF CHEMICAL SPECIES BASED ON THEIR EXPECTED PH WHEN
DISSOLVED AT A CONCENTRATION OF 0.1 M IN WATER. SUCH AN ORDERING IS NOT ONLY ACADEMICALLY INTERESTING BUT ALSO
PRACTICALLY RELEVANT FOR APPLICATIONS RANGING FROM INDUSTRIAL PROCESSES TO ENVIRONMENTAL ASSESSMENTS.

FUNDAMENTAL CONCEPTS UNDERPINNING PH DETERMINATION
BEFORE DELVING INTO SPECIFIC SPECIES, IT IS ESSENTIAL TO REVISIT CORE PRINCIPLES THAT GOVERN PH:

- STRONG ACIDS AND BASES DISSOCIATE COMPLETELY IN WATER, SIGNIFICANTLY INFLUENCING PH.

- WEAK ACIDS AND BASES DISSOCIATE PARTIALLY, WITH THE EXTENT GOVERNED BY THEIR DISSOCIATION CONSTANTS (KA AND
Ks).

- SALTS DERIVED FROM STRONG ACIDS AND STRONG BASES TYPICALLY PRODUCE A NEUTRAL SoLUTION (PH ~7).

- SALTS FROM WEAK ACIDS OR WEAK BASES CAN HYDROLYZE IN WATER, LEADING TO SOLUTIONS THAT ARE EITHER SLIGHTLY
ACIDIC OR BASIC.

CoMMoN CHEMICAL SPECIES FOR ANALYSIS
FOR THIS EXPLORATION, CONSIDER THE FOLLOWING CHEMICAL SPECIES, REPRESENTATIVE OF VARIOUS ACID-BASE BEHAVIORS:

- STRONG AcID: HyprocHLORIC AciD (HCL)

- WeAk acibs: AceTic acib (CH;COOH), Careonic acip (H,CO,)

- STRONG BASE: SopIUM HYDROXIDE (NAOH)

- Weak Bases: AMMONIA (NH;), ANILINE (CHgNH,)

- SALTS FROM STRONG ACIDS AND BASES: SobiuM cHLORIDE (NACL)

- SALTS FROM WEAK ACIDS OR BASES: AMMONIUM CHLORIDE (NH,CL), Sopium AceTAaTE (CH;COONA)

- INORGANIC OXY ANIONS/HYDROGEN COMPOUNDS: HYDROGEN SULFATE (H,SO,), HybroGEN cARBONATE (HCO,™)

METHODOLOGY FOR DETERMINING PH ORDER

TO ORDER THESE SPECIES BY INCREASING PH, WE ANALYZE THEIR ACID-BASE PROPERTIES:



1. IDENTIFY WHETHER THE SPECIES IS A STRONG ACID/BASE OR WEAK ACID/BASE.

2. CALCULATE OR ESTIMATE THE PH oF 0.1 M SOLUTIONS BASED ON DISSOCIATION CONSTANTS.
3. CONSIDER HYDROLYSIS EFFECTS FOR SALTS.

4. COMPARE THE RESULTING PH VALUES TO ESTABLISH THE ORDER.

Deep Dive: Acipic, NEUTRAL, AND BASIC SOLUTIONS

1. STrRONG Acip: HyprocHLorIC Acip (HCL)

HCL IS A STRONG MONOPROTIC ACID THAT DISSOCIATES COMPLETELY:

HCL Ht + CL™

INA 0.7 M SOLUTION, THE CONCENTRATION OF H* I0NS IS APPROXIMATELY 0.1 M, LEADING TO:
PH = -Log[H*] = -Loc(0.1) = 1

ExpecTED PH: ~ 1

2. Weak Acio: AceTic Acio (CH,COOH)

ACETIC ACID IS A WEAK ACID WITH A DISSOCIATION CONSTANT:

Ka=1.8x107°

THE DISSOCIATION EQUILIBRIUM:

CH;COOH H* + CH,COO~

For A 0.1 M SOLUTION, THE APPROXIMATION:

H¥] =[] (KaxO)=F (1.8x1075x0.1)=[F (1.8 x107¢) = 1.34 x 107°M
THus,

PH = -L0G(1.34 x 107%) = 2.87

ExPECTED PH: ~2.9

3. Weak Acip: Careonic Acip (H,CO,4)

CARBONIC ACID IS A WEAK DIPROTIC ACID WITH FIRST DISSOCIATION:

H,CO, [l H* +HCO,~

Ka,= 4.3 x 1077

SIMILAR CALCULATION:

H]=[F (KayxO)=p (4.3x107x0.1)~F (43x1078) = 6.55x107*M

PH =~ -LoG(6.55%x 107%) ~ 3.18



ExPECTED PH: ~3.2

4. NeUTRAL SALT: Sobium cHLoriDE (NACL)
NACL ORIGINATES FROM A STRONG ACID (HCL) AND A sTRONG BASE (NAOH). |T DOES NOT HYDROLY ZE:
NaCL Nat + CL™

SOLUTION IS NEUTRAL:

5. Weak Base: AMMoniA (NH,)

AMMONIA IS A WEAK BASE WITHKe = 1.8 X 107°.
THE HYDROLYSIS:

NHz + H,O NH,* + OH~

CALCULATING OH™ CONCENTRATION:

Ke = [NH,*]J[OH™] / [NH,]

ASSUMING X IS THE CONCENTRATION OF OH™:
Kexx2/0.1
x?2xKex0.1=18x10"°x0.1=18x10"°
x=[F (1.8x107¢)~ 1.34x 107*M

THEN,

POH =-L0c(1.34 x 1073) = 2.87
PH=14-POH= 11.13

ExpecTeD PH: ~11.1

6. Weak Base: ANILINE (C HgNH,)

ANILINE IS A WEAK BASE WITH A KB AROUND 4.3 X 107'°, MUCH WEAKER THAN AMMONIA.
HvbroLYsls:

CeHsNH, + H,O ] CHgNHg* + OH™

CALCULATIONS SUGGEST A VERY LOW CONCENTRATION OF OH™:

x~P (KexC)=Pp (43x107°x0.1)=2.07 x107°M

POH=~ 5.68



PH= 8.32

ExpecTED PH: ~8.3

7. SALT oF WeAk AciD AND STRONG BASE: SopiuM AcETATE (CH,COONA)

SODIUM ACETATE IS A SALT DERIVED FROM ACETIC ACID AND SODIUM HYDROXIDE. |T HYDROLYZES:
CHaCOO™ + H,0 F] CHsCOOH + OH-

THE BASE HYDROLYSIS CONSTANT (KB OF ACETATE):

KA OF ACETIC ACID = 1.8 X 107°

Ke (FOR ACETATE) =Kw /KA= 1.0x 107/ 1.8 x 107~ 5,56 x 107

HvbroLYsis:

[OH ]~ (KexC) =P (5.56x107°x0.1)=7.46%x 107°M

POH=5.13

PH= 8.87

ExPeCTED PH: ~8.9

8. SALT oF WEak AciD AND WEAk BASE: AMMONIUM cHLoRIDE (NH,CL)

NH,CL Is DERIVED FROM A WEAK BASE (NH3) AND A STRONG ACID (HCL). ITS HYDROLYSIS:
NH,* +H,O ] NH, + H,O"

THe KA oF NH,™:

Ka~Kw /KeoFNHy;~ 1.0x 107/ 1.8 x 1075~ 5.56 x 107°

CALCULATING Hz;O CONCENTRATION:

[H;Ot] = (KaxO) =[] (656%x107°x0.1)~7.46x107°M

PH = -LoG(7.46 x 107¢) ~ 5.13

ExpecTED PH: ~5.1

SUMMARIZING THE PH V ALUES

| Species | APPROXIMATE PH |

| HyorocHLorIC acip (HCL) | ~1.0 |
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