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\UNDERSTANDING THE STOICHIOMETRY OF CHEMICAL REACTIONS IS FUNDAMENTAL IN CHEMISTRY , ESPECIALLY WHEN IT COMES TO

CALCULATING THE PRECISE AMOUNTS OF REACTANTS NEEDED FOR A SPECIFIC REACTION. IN THIS ARTICLE, WE WILL ANALYZE THE
UNBALANCED CHEMICAL REACTION BETWEEN DIBORANE (B,H,) AND oxyGeN (O,) To PRODUCE BORIC ACID (HBO,) AND WATER
(H,O). SPECIFICALLY, OUR FOCUS IS ON DETERMINING HOW MANY GRAMS OF OXYGEN ARE REQUIRED FOR THIS REACTION, GIVEN

ITS MOLAR MASS OF 32 GRAMS PER MOLE.

THIS TYPE OF CALCULATION IS CRUCIAL IN VARIOUS FIELDS SUCH AS INDUSTRIAL CHEMISTRY, ENVIRONMENTAL SCIENCE, AND
LABORATORY SYNTHESIS, WHERE PRECISE REACTANT QUANTITIES IMPACT YIELD, COST, AND SAFETY. BY CAREFULLY BALANCING
THE CHEMICAL EQUATION AND APPLYING STOICHIOMETRIC PRINCIPLES, WE CAN ACCURATELY DETERMINE THE AMOUNT OF OXYGEN
NECESSARY TO COMPLETE THE REACTION.

UNDERSTANDING THE REACTION COMPONENTS AND THEIR SIGNIFICANCE

1. THeE REACTANTS

- DisorRANE (B,H,): A BORON HYDRIDE USED IN CHEMICAL SYNTHESIS AND ROCKET PROPELLANTS. IT IS A COLORLESS, HIGHLY
REACTIVE GAS WITH A MOLAR MASS OF APPROXIMATELY 27.67 G/MoL.

- OxYGEN (O,): AN ABUNDANT DIATOMIC GAS ESSENTIAL FOR COMBUSTION AND OXIDATION REACTIONS, WITH A MOLAR MASS
of 32 G/MoL.

2. THe ProbuCTS

- Boric Acip (HBO,): A COMPOUND USED IN ANTISEPTICS, INSECTICIDES, AND AS A PRECURSOR FOR OTHER BORON
COMPOUNDS.
- WATER (H,O): THE UNIVERSAL SOLVENT, VITAL IN MANY CHEMICAL PROCESSES.

STep 1: WRITING AND BALANCING THE CHEMICAL EQUATION

THE INITIAL UNBALANCED REACTION IS:

\[
\TexT{B} 2\TexT{H} 6 + \TexT{O} 2 \ricHTARROW \TEXT{HBO3} 2 + \TexT{H} 2\7exT{O}
\]

ToO DETERMINE THE EXACT AMOUNT OF OXYGEN NEEDED, WE FIRST NEED TO BALANCE THIS EQUATION PROPERLY.



2.1 BALANCING THE REACTION

LET'S ANALYZE THE REACTION STEP-BY-STEP:

- BORON ATOMS: THERE ARE 2 BORON ATOMS ON THE REACTANT SIDE, SO THE PRODUCT SIDE SHOULD HAVE 2 BORON ATOMS.
SINCE EACH HBO, MOLECULE CONTAINS 1 BORON ATOM, WE NEED 2 HBO, MOLECULES.

- HYDROGEN ATOMS: BoHg HAS 6 HYDROGENS: ON THE PRODUCT SIDE, HYDROGENS ARE PRESENT IN HBO, (WHICH HAS 1 H) AND
H,O (wHICH HAS 2 H). To BALANCE HYDROGENS:

- TOTAL HYDROGENS ON REACTANT SIDE: 6
- ON PRODUCT SIDE: (2 X 1) FROM HBO,, + (NUMBER OF H,O MOLECULES X 2)

LET’S DENOTE THE NUMBER OF H,O MoLEcULES AS \( x \).

\[

6 =2\TiMes 1 + 2% \RiGHTARROW 6 = 2 + 2% \RIGHTARROW 2% = 4 \RIGHTARROW X = 2

\]

- OXYGEN ATOMS: ON THE PRODUCT SIDE, OXYGEN ATOMS ARE IN HBO, (2 PER MOLECULE) AND HoO (1 PER MOLECULE):

-HBO,: \( 2 \TiMes 2 = 4 \) OXYGEN ATOMS
-H,O: \( 2 \TiMes 1 =2 \) OXYGEN ATOMS

TOTAL OXYGEN ATOMS ON THE PRODUCT SIDE: 4 + 2 =6

ON THE REACTANT SIDE, OXYGEN COMES FROM O, MOLECULES. EACH O, HAS 2 OXYGEN ATOMS. LET \( ¥ \) BE THE NUMBER OF
O, MOLECULES:

\l

2y = 6 \RIGHTARROW ¥ = 3

\]

FINAL BALANCED REACTION:

\[
\TexT{B}_2\texT{H}_6 + 3\, \texT{O}_2 \ricHTARROW 2\, \TEXT{HBO} 2 + 2\, \tex7{H}_2\7ex1{O}
\]

STEP 2: MOLAR MASSES AND STOICHIOMETRIC CALCULATIONS

HAVING BALANCED THE CHEMICAL EQUATION, THE NEXT STEP INVOLVES CALCULATING THE MOLAR RATIOS AND QUANTITIES
NEEDED.

3.1 MoLAR MASSES oF REACTANTS AND PRODUCTS

| Compounp | MoLar Mass (G/MoL) | CaLcuLATION DETAILS |

rommereceeees oo . |

| BoHg | 27.67 /Mol | (2%10.81 For B) + (6x1.008 For H) |

| O, 132 c/moL | (2%16) |

|HBO, | 61.83 a/moL | (1x10.81 For B) + (1x1.008 For H) + (2x16 For O) |
|H,O 1 18.02 c/moL | (2%1.008 For H) + (16 For O) |



NOTE: THE MOLAR MASS OF B,oH, IS APPROXIMATELY 27.67 G/MOL, WHICH ALIGNS WITH STANDARD REFERENCES.

STep 3: DETERMINING THE AMOUNT oF B,H, AND O, NEEDED

SUPPOSE WE START WITH A CERTAIN AMOUNT OF DIBORANE, FOR EXAMPLE, 1 MOLE, AND WANT TO DETERMINE HOW MUCH
OXYGEN IS REQUIRED FOR COMPLETE REACTION.

4.1 CALCULATING MoLES oF O, NEEDED

FROM THE BALANCED EQUATION:

\[

1\, \Text{mMoL B} 2\TexT{H} 6 \Quap \TexT{reacTs wiTH} \QuaD 3\, \TexT{mMoL O} 2

\]

THEREFORE, FOR 1 MOLE oF B,H,, 3 MOLES OF O, ARE NEEDED.

Step 4: CONVERTING MoLES oF O, To GRAMS

GIVEN THAT EACH MOLE OF 02 WEIGHS 32 GRAMS, THE TOTAL GRAMS NEEDED ARE:

\l

\TexT{Mass ofF O} 2 = \TexT{Numser oF MoLES} \TIMES \TEXT{MOLAR MASS}

\]

For 3 MOLES:

\[
3 \text{ MoL} \TiMes 32\, \TexT{c/moL} = 96\, \TexT{c}
\]

RESULT: TO REACT COMPLETELY WITH 1 MOLE OF BoH,, 96 GRAMS OF OXYGEN ARE REQUIRED.

STep 5: GENERAL CALCULATION FOR ANY GIVEN AMOUNT OF BoH,

SUPPOSE YOU HAVE AN ARBITRARY AMOUNT OF BoH,, sAY \( N \) GRAMS. TO FIND OUT HOW MANY GRAMS OF O, ARE
NEEDED:

1. CONVERT GRAMS OF B,H, TO MOLES:

\[
\TexT{MoLes oF B} 2\TexT{H} 6 = \rrac{N}{27.67}

\]



2. DETERMINE MOLES OF O, REQUIRED:

\[
\TexT{MoLes oF O} 2 = 3 \TiMes \LerT( \FrRAC{N}{27.67} \RIGHT)

\]

3. CONVERT MOLES oF O, TO GRAMS:

\[
\TexT{GrAMs oF O} 2 = \TexT{MoLes of O} 2 \TimMes 32 = 3 \1iMes \LerT( \rRAC{N}{27.673 \RIGHT) \TIMES 32

\]

SIMPLIFY:

\[
\TexT{GrAMS oF O} 2 = \rrac{3 \TiMes 32}{27.67} \TiMes N \aprrox \FRAC{963}{27.67} \TiMeS N \APPROX 3.47
\TIMES N

\]

THEREFORE:

\[
\Boxen{
\TexT{GrAMSs oF O} 2 \approx 3.47 \TiMes \TexT{craMs oF B} 2\TexT{H} 6

}
\]

THIS FORMULA ALLOWS QUICK CALCULATION OF OXYGEN REQUIREMENTS BASED ON THE AMOUNT OF DIBORANE USED.

ADDITIONAL CONSIDERATIONS IN PRACTICAL APPLICATIONS

W/HILE THEORETICAL CALCULATIONS PROVIDE A PRECISE AMOUNT OF REACTANTS NEEDED, REAL-\WORLD REACTIONS MAY
REQUIRE CONSIDERATION OF:

- REACTION EFFICIENCY: NOT ALL REACTIONS PROCEED TO COMPLETION; ADJUSTMENTS MAY BE NECESSARY.

- PURITY OF REACTANTS: IMPURITIES CAN AFFECT THE AMOUNT OF OXYGEN CONSUMED.

- SAFETY PRECAUTIONS: HANDLING GASES LIKE DIBORANE AND OXYGEN REQUIRES SPECIALIZED EQUIPMENT DUE TO THEIR
REACTIVE NATURE.

- ENVIRONMENTAL CONTROLS: EXCESS OXYGEN CAN POSE FIRE HAZARDS, PROPER VENTILATION AND CONTROLS ARE ESSENTIAL.

CONCLUSION: SUMMARIZING THE KEY FINDINGS

- THE BALANCED CHEMICAL EQUATION FOR THE REACTION BETWEEN DIBORANE AND OXYGEN IS:

\[
\texT{B}_2\texT{H}_6 + 3\, \texT{O}_2 \ricHTARROW 2\, \TEXT{HBO} 2 + 2\, \texT{H}_2\7ex1{O}
\]

- FOr EVERY MOLE OF ByH, (27.67 ), 3 MoLES ofF O, (96 G) ARE NEEDED.
- IN TERMS OF PRACTICAL CALCULATIONS, APPROXIMATELY 3.47 GRAMS OF O, ARE REQUIRED PER GRAM



FREQUENTLY AskeD QUESTIONS

\WHAT IS THE BALANCED CHEMICAL EQUATION FOR THE REACTION BETWEEN B2H6 AND
o2

THE BALANCED EQUATION IS B2H6 + 3 O2 2 HBO2 + 3 H20.

How MANY GRAMS OF O2 ARE NEEDED TO FULLY REACT WITH A GIVEN AMOUNT OF
B2Hé6?

THE AMOUNT oF O2 REQUIRED DEPENDS ON THE MOLES OF B2H6 AND THE STOICHIOMETRIC RATIO FROM THE BALANCED
EQUATION; USE MOLAR RATIOS TO CALCULATE GRAMS NEEDED.

IF 10 GRAMS oF B2H6 ARE REACTED, HOW MANY GRAMS OF O2 ARE REQUIRED?

FIrsT, converT 10 6 B2H6 To MoLes: 10 6 / 27.73 /Mol = 0.36 MoL. UsSING THE MOLAR RATIO (1 MoL B2H6 : 3 MoL
02), O2 neeped = 0.36 x 3 = 1.08 moL. ConveRT To GRAMS: 1.08 MoL x 32 G/MoL = 34.56 GraMS oF O2.

\WHAT IS THE MOLAR RATIO oF B2H6 To O2 IN THE REACTION?

THE MOLAR RATIO IS 1 MoL B2H6 : 3 MoL O2, AS INDICATED BY THE BALANCED EQUATION.

How DO YOU DETERMINE THE AMOUNT OF OXYGEN NEEDED FROM THE BALANCED
REACTION EQUATION?

IDENTIFY THE MOLAR RATIO BETWEEN B2H6 AND O2 FROM THE BALANCED EQUATION, THEN USE THE NUMBER OF MOLES OF
B2H6 To CALCULATE THE REQUIRED MOLES (AND GRAMS) oF O2.

\W/HY IS IT IMPORTANT TO BALANCE CHEMICAL REACTIONS BEFORE CALCULATING
REACTANT QUANTITIES?

BALANCING ENSURES THE CONSERVATION OF MASS, ALLOWING ACCURATE CALCULATION OF REACTANT AND PRODUCT
QUANTITIES BASED ON STOICHIOMETRY.

ADDITIONAL RESOURCES
FroM THE UNBALANCED REACTION: B2H6 + O2 HBO?2 + H20 How Many Grams OF O2 (326/mMoL) WiLL Be Neeped

UNDERSTANDING THE STOICHIOMETRY BEHIND CHEMICAL REACTIONS IS FUNDAMENTAL IN BOTH ACADEMIC AND INDUSTRIAL
CHEMISTRY. \WHEN DEALING WITH REACTIONS SUCH AS THE OXIDATION OF DIBORANE (B2H6), IT’S CRUCIAL TO DETERMINE THE
EXACT AMOUNT OF REAGENTS REQUIRED TO PRODUCE DESIRED PRODUCTS EFFICIENTLY AND SAFELY. THE QUESTION

poseD— “FroM THE UNBALANCED REACTION: B2H6 + O2 HBO?2 + H20O How Many Grams OF O2 (326/MoL) WiLL
BEe NEEDED” —SERVES AS AN EXCELLENT CASE STUDY IN APPLYING STOICHIOMETRIC PRINCIPLES TO REAL-WORLD CHEMICAL
CALCULATIONS.

IN THIS DETAILED REVIEW, WE WILL EXPLORE THE PROCESS OF BALANCING THE REACTION, CALCULATING THE REQUIRED AMOUNT
OF OXYGEN, AND UNDERSTANDING THE BROADER IMPLICATIONS OF SUCH CALCULATIONS IN CHEMICAL SYNTHESIS. By BREAKING
DOWN THE REACTION STEP-BY-STEP AND EXAMINING ITS FEATURES, PROS, AND CONS, THIS ARTICLE AIMS TO DEEPEN YOUR
UNDERSTANDING OF STOICHIOMETRY AND REACTION PLANNING.



UNDERSTANDING THE REACTION: B2H6 AnD O2

BEFORE DELVING INTO CALCULATIONS, IT’S ESSENTIAL TO COMPREHEND WHAT IS HAPPENING CHEMICALLY. DIBORANE (B2H6) I1s
A BORON HYDRIDE USED IN VARIOUS APPLICATIONS, INCLUDING ORGANIC SYNTHESIS AND AS A REDUCING AGENT. |TS OXIDATION
WITH OXYGEN TYPICALLY YIELDS BORON COMPOUNDS SUCH AS BORIC ACID OR BORON OXIDES, ALONG WITH WATER.

THE UNBALANCED CHEMICAL EQUATION IS:

B2H6 + O2 HBO2 + H20

HO\X/EVER/ THIS EQUATION IS NOT YET STOICHIOMETRICALLY MEANINGFUL. T O DETERMINE THE AMOUNT OF OXYGEN NEEDED, WE
MUST FIRST BALANCE IT PROPERLY.

BALANCING THE CHEMICAL EQUATION

STEP 1: WRITE THE UNBALANCED FORMULA

B2H6 + O2 HBO2 + H20

STEP 2: BALANCE BORON ATOMS

- LerT sioe: 2 B aAToms (INB2H6)
- RiGHT sipe: 1 B aTom (INHBO2)

T o BALANCE BORON:

B2H6 + O2 2HBO2 + H20

STEP 3: BALANCE HYDROGEN ATOMS

- LerT: 6 H AToms (IN B2H6)
-RiGHT: 2H(NHBO2) + 2 H(NH20) =4 H

THUS, HYDROGEN IS UNBALANCED; TO MATCH 6 H ON THE RIGHT:
- Abb 3 H20O MOLECULES:

B2H6 + O2 2 HBO2 + 3H20

Now, HYDROGEN:

-LerT: 6 H
- RiGHT: 2H(HBO?2) + 6 H (3 H20)=8H

HYDROGEN IS OVERCOUNTED, ADJUST ACCORDINGLY.

ALTERNATIVELY, STARTING WITH:



B2H6 + O2 2 HBO2 + 3 H20O
HYDROGEN:

-LerT: 6 H
-RiGHT: 2H (HBO2) + 6 H(3 H20)=8H

T o BALANCE HYDROGEN, MULTIPLY HBO2 AND H2O BY APPROPRIATE FACTORS OR ADJUST COEFFICIENTS.

|NSTEAD, LET’S PROCEED MORE SYSTEMATICALLY.

MORE SYSTEMATIC BALANCING

LET’S ASSIGN COEFFICIENTS:

AB2H6 +8O2 P cHBO2+pH20
BALANCE BORON:

A 2 =c (sINcE HBO2 HAS 1 B)

BALANCE HYDROGEN:

A 6 =20 (SINCE H20 HAS 2 H)

BALANCE OXYGEN:

ON THE RIGHT: € 2 (FRoM HBO?2) + b 1 (FRoM H20)
ON THE LEFT: B8 2 (SINCE O2 HAS 2 O)

NoWw, EXPRESS C AND D IN TERMS OF A:

c=2a

FROM HYDROGEN:

6A=2D D=23A

OXYGEN:
B2=c2+0=(2A)2+3Aa=4A+3Aa=7A
THererFore, B8 = (7A)/2

To Avold FRACTIONS, CHOOSE A = 2:

A=2
THEN:
c=4
D=6

g=(72)2=7



SO/ THE BALANCED EQUATION IS:

2B2H6+7 02 4HBO2+ 6H20

CALCULATING THE REQUIRED GRAMS oF O2

\W/ITH THE BALANCED EQUATION:
2B2H6+7 O2[f] 4HBO2+ 6H20
WE CAN NOW DETERMINE HOW MUCH OXYGEN IS NEEDED FOR A GIVEN AMOUNT OF B2H6.

SUPPOSE WE START WITH A KNOWN MASS OF B2H6—sAY, 10 GRAMS—AND WANT TO FIND OUT HOW MANY GRAMS OF O2
ARE REQUIRED TO FULLY REACT.

STep 1: CONVERT GRAMS OF B2H6 ToO MOLES
MoLAR MASS OF B2H6:

- Boron (B): 10.81 /Mol
- Hyorogen (H): 1.008 G/moL

MoLAR MASS ofF B2H6:

=(2x10.81)+ (6% 1.008)=21.62 + 6.048 =27.668 g/moL
NUMBER OF MOLES IN 10 G:

N=10¢6/27.668 g/MoL =~ 0.3616 MoL

STeP 2: USE MOLE RATIOS FROM THE BALANCED EQUATION
FROM THE BALANCED REACTION:

2 moL B2H6 reacT wiTH 7 MoL O2

So, For 0.3616 MoL B2H6:

OxvGeN Neepep = (7/2) x 0.3616 MoL = 1.264 moL
Step 3: CONVERT MOLES OF O2 TO GRAMS

MoLAR MASS oF O2 = 32 G/moL

MAss oF O2 = 1.264 moL x 32 c/MoL = 40.45 GrAMS

ResULT: APPROXIMATELY 40.45 GrAaMS OF O2 ARE NEEDED TO COMPLETELY REACT WITH 10 GrAMS oF B2H6.

BrROADER IMPLICATIONS AND PrRACTICAL CONSIDERATIONS



CALCULATING THE PRECISE AMOUNT OF OXYGEN NEEDED FOR REACTIONS INVOLVING DIBORANE IS CRITICAL FOR MULTIPLE
REASONS.

INDUSTRIAL SIGNIFICANCE

- EFFICIENCY: ACCURATE CALCULATIONS PREVENT WASTAGE OF COSTLY REAGENTS.
- SAFETY: EXCESS OXYGEN CAN LEAD TO HAZARDOUS CONDITIONS, ESPECIALLY WITH REACTIVE GASES LIKE B2HO6.
- ENVIRONMENTAL IMPACT: PROPER STOICHIOMETRY MINIMIZES BY-PRODUCTS AND WASTE.

CHALLENGES IN REAL-\WORLD APPLICATIONS

- PURITY OF REACTANTS: IMPURITIES CAN INFLUENCE STOICHIOMETRY.
- REACTION CONDITIONS: TEMPERATURE, PRESSURE, AND CATALYSTS AFFECT REACTION COMPLETION.
- MEASUREMENT ACCURACY: PRECISE WEIGHING AND MEASUREMENT TOOLS ARE ESSENTIAL.

FEATURES, PROS, AND Cons oF THE CALCULATION METHOD

FEATURES:

- BASED ON FUNDAMENTAL STOICHIOMETRIC PRINCIPLES.
- USES BALANCED EQUATIONS FOR ACCURACY.
- EASILY ADAPTABLE TO DIFFERENT REACTANT QUANTITIES.

Pros:

- ENSURES PRECISE REAGENT QUANTITIES.
- FACILITATES SAFE AND EFFICIENT REACTION PLANNING.
- SUPPORTS SCALE-UP FROM LABORATORY TO INDUSTRIAL PROCESSES.

Cons:

- ASSUMES COMPLETE REACTION WITHOUT SIDE PRODUCTS.
- REAL-WORLD REACTIONS MAY HAVE INEFFICIENCIES.
- REQUIRES ACCURATE INITIAL DATA (MOLAR MASSES, PURITY).

CONCLUSION

DETERMINING HOW MANY GRAMS OF O2 ARE NEEDED FOR THE OXIDATION OF B2HG HINGES ON ACCURATELY BALANCING THE
CHEMICAL EQUATION AND APPLYING STOICHIOMETRIC CONVERSIONS. STARTING FROM THE UNBALANCED REACTION, WE DERIVED
THE BALANCED EQUATION:

>2B2H6+7 02 4HBO2+ 6H20
USING THIS, WE CALCULATED THAT APPROXIMATELY 40.45 GRAMS OF O2 ARE NEEDED TO REACT COMPLETELY WITH 10

GRAMS OF B2H6. THIS PROCESS ILLUSTRATES THE IMPORTANCE OF PRECISE CALCULATION IN CHEMICAL REACTIONS, ENSURING
EFFICIENCY, SAFETY, AND ENVIRONMENTAL RESPONSIBILITY.



UNDERSTANDING SUCH CALCULATIONS NOT ONLY ENHANCES YOUR GRASP OF CHEMICAL PRINCIPLES BUT ALSO PREPARES YOU
FOR PRACTICAL APPLICATIONS IN RESEARCH, MANUFACTURING, AND ENVIRONMENTAL MANAGEMENT. \/HETHER HANDLING SMALL-
SCALE LABORATORY REACTIONS OR LARGE INDUSTRIAL PROCESSES, MASTERING THE ART OF STOICHIOMETRY REMAINS
FUNDAMENTAL TO SUCCESSFUL CHEMISTRY.

IN SUMMARY:

- ACCURATE BALANCING OF CHEMICAL EQUATIONS IS VITAL.

- CONVERTING BETWEEN GRAMS AND MOLES ALLOWS FOR PRECISE REAGENT PLANNING.

- REAL-WORLD FACTORS MAY INFLUENCE THEORETICAL CALCULATIONS.

- CAREFUL STOICHIOMETRIC ANALYSIS LEADS TO SAFER AND MORE EFFICIENT CHEMICAL PROCESSES.

EMBRACING THESE PRINCIPLES ENSURES THAT CHEMISTS AND ENGINEERS CAN OPTIMIZE REACTIONS, MINIMIZE WASTE, AND UPHOLD
SAFETY STANDARDS ACROSS VARIOUS APPLICATIONS.
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