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UNDERSTANDING THE PRECISE VOLUME OF BENZENE IN A PYREX GLASS BOTTLE AT A GIVEN TEMPERATURE IS VITAL FOR
APPLICATIONS IN CHEMISTRY, LABORATORY EXPERIMENTS, AND INDUSTRIAL PROCESSES. THIS ARTICLE EXPLORES THE CONCEPTS
OF VOLUME, TEMPERATURE EFFECTS ON LIQUIDS, AND THE CALCULATIONS INVOLVED IN DETERMINING THE AMOUNT OF BENZENE IN
A 150 cM® Pyrex BOTTLE AT 22°C. \WHETHER YOU'RE A STUDENT, RESEARCHER, OR INDUSTRY PROFESSIONAL, GRASPING
THESE PRINCIPLES ENSURES ACCURATE MEASUREMENTS AND SAFE HANDLING OF CHEMICALS LIKE BENZENE.

FUNDAMENTALS oF VoLUME AND DensITY IN LIQuIDS

WHAT Is VoLUME?

V/OLUME REFERS TO THE AMOUNT OF THREE-DIMENSIONAL SPACE OCCUPIED BY AN OBJECT OR SUBSTANCE. IN LIQUIDS, VOLUME
IS TYPICALLY MEASURED IN UNITS SUCH AS CUBIC CENTIMETERS (cM®), MILLILITERS (ML), or LITERS (L). THE VOLUME OF A
LIQUID IN A CONTAINER DEPENDS ON THE PHYSICAL DIMENSIONS OF THE CONTAINER AND THE LIQUID’'S PROPERTIES.

UNDERSTANDING DENSITY

DENSITY IS THE MASS PER UNIT VOLUME OF A SUBSTANCE, EXPRESSED AS:
\[ \TexT{DensITY} (\rHo) = \FrAc{\TEXT{MASS} (M)} \TEXT{VoLume} (V)3 \]

IN THE CASE OF BENZENE, THE DENSITY VARIES WITH TEMPERATURE. AT 22°C, BENZENE HAS A SPECIFIC DENSITY THAT CAN BE
USED TO RELATE ITS MASS AND VOLUME.

PROPERTIES OF BENZENE AND ITS BEHAVIOR AT 22°C

Benzene: AN OVERVIEW

BeNzenE <C6H6> IS AN AROMATIC HYDROCARBON KNOWN FOR ITS STABILITY AND WIDESPREAD USE IN CHEMICAL SYNTHESIS. T IS
A COLORLESS, FLAMMABLE LIQUID WITH A DISTINCTIVE ODOR, OFTEN HANDLED WITH CAUTION DUE TO ITS TOXICITY.

DensiTY oF Benzene AT 22°C

THEe DENSITY OF BENZENE AT 22°C Is APPROXIMATELY 0.8787 G/cM®. THIS VALUE IS CRUCIAL FOR CALCULATING THE MASS
OF BENZENE IN THE BOTTLE.



| ProPERTY | VALUE AT 22°C |
=+
| DensiTy | 0.8787 G/cM® |

CALCULATING THE MASS OF BENZENE IN THE PYREX BOTTLE

STEP 1: UNDERSTANDING THE RELATIONSHIP

SINCE THE BOTTLE IS FILLED TO THE BRIM WITH BENZENE, ITS VOLUME IS 150 cM®. TO FIND THE MASS OF BENZENE, USE THE
FORMULA:

\[ M= \rHO \TiMeS V \]
W/ HERE:
-\(M\) = MAss oF eenzene (GRAMS)

-\(\rHo \) = DENSITY OF BENZENE AT 22°C (G/cm®)
-\(V \) = voLuME oF senzene (cm®)

STEP 2: APPLYING THE V ALUES

SUBSTITUTING THE KNOWN VALUES:
\[M=0.8787 \, \Text{c/cmM}"3 \TiMes 150 \, \Text{cm}"3 \]
\[M=131.805\, \text{c} \]

THEREFORE, THE MASS OF BENZENE IN THE BOTTLE IS APPROXIMATELY 13 1.8 GRAMS.

IMPACT OF TEMPERATURE ON BENZENE VOLUME AND DENSITY

THERMAL ExPANSION OF LIQUIDS

LIQUIDS EXPAND WHEN HEATED AND CONTRACT WHEN COOLED. THE CHANGE IN VOLUME WITH TEMPERATURE IS CHARACTERIZED
BY THE VOLUMETRIC THERMAL EXPANSION COEFFICIENT (\( \BeTA \)).

FOR BENZENE, THE APPROXIMATE VOLUMETRIC EXPANSION COEFFICIENT IS:
\[ \eeTA \approx @ \TiMes 10°{-4} \, \texT{rer} \, "\circ C \]

THIS MEANS THAT FOR EACH DEGREE CELSIUS INCREASE IN TEMPERATURE, BENZENE'S VOLUME INCREASES BY OOQO/O

EFFecT oF TeEMPERATURE CHANGES

IF THE TEMPERATURE DEVIATES FROM 22°C, THE VOLUME OF BENZENE WILL CHANGE ACCORDINGLY:

\[V_T=V_{22}\1iMes [1 + \seTa (T - 22)]\]



\W/ HERE:

-\(V_T\) = voLume AT TeMPerATURE \( T \)
-\(V_{223\) = nTIAL voLume AT 22°C
-\(T\) = New TEMPERATURE IN °C

FOR EXAMPLE, IF THE TEMPERATURE INCREASES TO 25°C:

\[V_{253}=150\1imMes [1 + 9 \Times 107{-4} \Times (25 - 22)] \]
\[V_ {25} =150 \mimes [1 + 0.0027]\]

\[ V_{25} \approx 150 \TiMes 1.0027 \]

\[ V_{25} \aprrox 150.405 \, \Text{cmM}"3 \]

THE SLIGHT INCREASE IN VOLUME RESULTS IN A MARGINAL DECREASE IN DENSITY AND THUS SLIGHTLY ALTERS THE MASS IF THE
CONTAINER'S VOLUME REMAINS CONSTANT.

PRACTICAL IMPLICATIONS AND SAFETY CONSIDERATIONS

ACCURATE MEASUREMENT FOR LABORATORY USE

ENSURING PRECISE MEASUREMENT OF BENZENE IS CRUCIAL FOR EXPERIMENTS WHERE CONCENTRATION AND STOICHIOMETRY ARE
VITAL. ACCURATE CALCULATION OF THE AMOUNT OF BENZENE HELPS IN PREPARING SOLUTIONS, CONDUCTING REACTIONS, AND
ANALYZING RESULTS.

HANDLING AND SAFETY PRECAUTIONS

BENZENE IS HIGHLY TOXIC AND CARCINOGENIC. PROPER SAFETY MEASURES INCLUDE:
- USING APPROPRIATE PERSONAL PROTECTIVE EQUIPMENT (PPE)

- \WORKING IN WELL-VENTILATED AREAS OR FUME HOODS

- ENSURING PROPER STORAGE IN COMPATIBLE CONTAINERS

- PROPER DISPOSAL OF WASTE BENZENE

STORAGE CONDITIONS AND MATERIAL COMPATIBILITY

PYREX GLASS BOTTLES ARE SUITABLE FOR STORING BENZENE BECAUSE:
- PYREX IS RESISTANT TO CHEMICAL CORROSION

- |T WITHSTANDS TEMPERATURE VARIATIONS

- |T MINIMIZES CONTAMINATION

HO\X/EVER/ ALWAYS ENSURE THE BOTTLE IS SEALED CORRECTLY TO PREVENT VAPOR LEAKS, WHICH ARE HAZARDOUS.

SUMMARY AND KEY T AKEAWAYS

- THE VOLUME OF BENZENE IN A 150 cM® Pyrex BoTTLE AT 22°C Is APPROXIMATELY 150 cm®.

- THE MASS OF BENZENE CAN BE CALCULATED USING ITS DENSITY AT THIS TEMPERATURE, RESULTING IN ABOUT 13 1.8 GRAMS.
- TEMPERATURE VARIATIONS INFLUENCE THE VOLUME AND DENSITY OF BENZENE, IMPACTING THE AMOUNT PRESENT IN THE
CONTAINER.

- ACCURATE MEASUREMENT AND UNDERSTANDING OF PHYSICAL PROPERTIES ARE ESSENTIAL FOR SAFE AND EFFECTIVE HANDLING.



- PROPER SAFETY PROTOCOLS ARE CRITICAL WHEN WORKING WITH HAZARDOUS CHEMICALS LIKE BENZENE.

FAQs AsouT BENZENE VOLUME AND MEASUREMENT

1. HOw DOES TEMPERATURE AFFECT THE VOLUME OF BENZENE IN A CONTAINER?

TEMPERATURE INCREASES CAUSE BENZENE TO EXPAND, INCREASING ITS VOLUME SLIGHTLY. CONVERSELY/ COOLING CAUSES
CONTRACTION. THESE CHANGES ARE SMALL BUT SIGNIFICANT IN PRECISE MEASUREMENTS.

2. CAN | ASSUME THE VOLUME OF BENZENE REMAINS CONSTANT REGARDLESS OF
TEMPERATURE?

No. VOLUME VARIES WITH TEMPERATURE DUE TO THERMAL EXPANSION. ALWAYS CONSIDER TEMPERATURE EFFECTS FOR PRECISE
CALCULATIONS.

3. IS IT SAFE TO WORK WITH BENZENE IN A PYREX BOTTLE?

YES, PYREX GLASS IS CHEMICALLY RESISTANT AND SUITABLE FOR BENZENE STORAGE WHEN PROPER SAFETY MEASURES ARE
FOLLOWED.

4. How Do | CONVERT THE MASS OF BENZENE TO MOLES?

USE THE MOLAR MASS oF BENZENE (78.11 G/MoL):
\[ \TexT{Numeer oF mMoLes} = \rrac{\TexT{Mass}}{\TexT{MoLAR MASS}} \]
For 131.8 G:

\[ \rrAC{131.8}{78.11} \approx 1.69 \, \TexT{MoLEs} \]

5. WHAT PRECAUTIONS SHOULD | TAKE WHEN MEASURING BENZENE?

- Use ApPrOPRIATE PPE

- W ORK IN A FUME HOOD

- AVOID OPEN FLAMES

- STORE IN CHEMICAL-RESISTANT CONTAINERS

- DISPOSE OF WASTE ACCORDING TO REGULATIONS

CoNCLUSION

ACCURATELY DETERMINING HOW MUCH BENZENE IS IN A PYREX GLASS BOTTLE INVOLVES UNDERSTANDING THE PHYSICAL
PROPERTIES OF BENZENE, INCLUDING ITS DENSITY AND THERMAL EXPANSION. AT 220(:, A 150 cM® BOTTLE FILLED TO THE BRIM
CONTAINS ROUGHLY 13 1.8 GRAMS OF BENZENE. RECOGNIZING HOW TEMPERATURE INFLUENCES VOLUME AND DENSITY IS
ESSENTIAL FOR PRECISE MEASUREMENTS AND SAFE HANDLING. ALWAYS ADHERE TO SAFETY PROTOCOLS WHEN WORKING WITH



HAZARDOUS CHEMICALS LIKE BENZENE TO ENSURE HEALTH AND ENVIRONMENTAL SAFETY.

BY MASTERING THESE CONCEPTS, CHEMISTS AND LAB TECHNICIANS CAN ENSURE ACCURATE EXPERIMENTS, SAFE STORAGE, AND
RESPONSIBLE CHEMICAL MANAGEMENT , CONTRIBUTING TO SUCCESSFUL SCIENTIFIC AND INDUSTRIAL OUTCOMES.

FREQUENTLY AskeD QUESTIONS

\W/HAT IS THE VOLUME OF BENZENE IN THE PYREX GLASS BOTTLE WHEN FILLED TO THE
BRIMP

THE VOLUME OF BENZENE IS 150 CM3, AS GIVEN IN THE PROBLEM STATEMENT.

AT 22°C, WHAT IS THE SIGNIFICANCE OF FILLING A PYREX BOTTLE WITH BENZENE TO
THE BRIM?

FILLING THE BOTTLE TO THE BRIM AT 22°C ENSURES THE BENZENE COMPLETELY OCCUPIES THE VOLUME WITHOUT AIR GAPS,
ASSUMING NO TEMPERATURE CHANGE OCCURS.

How DOES TEMPERATURE AFFECT THE VOLUME OF BENZENE IN THE PYREX BOTTLEP

SINCE BENZENE EXPANDS WITH TEMPERATURE, INCREASING THE TEMPERATURE ABOVE 22°C WOULD INCREASE ITS VOLUME, WHILE
DECREASING IT WOULD REDUCE THE VOLUME.

\WHAT IS THE APPROXIMATE DENSITY OF BENZENE AT 22°C?

THE DENSITY OF BENZENE AT 22°C IS APPROXIMATELY 0.878 c/cmB.

How CAN YOU CALCULATE THE MASS OF BENZENE IN THE BOTTLE?

MuLTiPLY THE voLUME (150 cM®) By THE DEnsITY (0.878 G/cM®): Mass = 150 X 0.878 =~ 13 1.7 GRAMS.

WHAT PRECAUTIONS SHOULD BE TAKEN WHEN HANDLING BENZENE IN A GLASS BOTTLE?

BENZENE IS TOXIC AND FLAMMABLE;, HANDLE IT IN A WELL-VENTILATED AREA, WEAR PROTECTIVE GLOVES AND EYE PROTECTION,
AND AVOID IGNITION SOURCES.

IF THE TEMPERATURE DROPS BELOW 22°C, WHAT HAPPENS TO THE BENZENE'S VOLUME
IN THE BOTTLE?

THE VOLUME OF BENZENE DECREASES AS TEMPERATURE DROPS, DUE TO CONTRACTION OF THE LIQUID.

ADDITIONAL RESOURCES

A PYrex GLASS BoTTLE WITH A VoLume OF 150 Cm3 Is FiLLep To THe BriM W iTH Benzene AT 22°C. How MucH
BENZENE?

IN THE REALM OF CHEMISTRY AND MATERIAL SCIENCE, UNDERSTANDING THE BEHAVIOR OF LIQUIDS WITHIN CONTAINERS IS
FUNDAMENTAL. \WHEN DEALING WITH VOLATILE ORGANIC COMPOUNDS LIKE BENZENE, PRECISION BECOMES PARAMOUNT —NOT
ONLY FOR SAFETY BUT ALSO FOR SCIENTIFIC ACCURACY. THIS ARTICLE DELVES INTO THE INTRIGUING QUESTION: IF A PYREX
GLASS BOTTLE WITH A VOLUME OF 150 cM® IS FILLED TO THE BRIM WITH BENZENE AT 22°C, HOW MUCH BENZENE IS PRESENT?



W/E WILL EXPLORE THE PRINCIPLES GOVERNING LIQUID VOLUME, THE PHYSICAL PROPERTIES OF BENZENE, THE SIGNIFICANCE OF
TEMPERATURE, AND THE CALCULATIONS NECESSARY TO DETERMINE THE EXACT AMOUNT OF BENZENE IN SUCH A SCENARIO.

UNDERSTANDING THE BASIC SCENARIO

THe CoNTAINER: PYREX GLASS BOTTLE

PYREX GLASS IS RENOWNED FOR ITS THERMAL STABILITY AND CHEMICAL INERTNESS, MAKING IT AN IDEAL MATERIAL FOR STORING
VOLATILE SUBSTANCES LIKE BENZENE. THE BOTTLE IN QUESTION HAS A VOLUME oF 150 CM3, WHICH IS EQUIVALENT To 150
MILLILITERS (ML) \X/HEN FILLED TO THE BRIM, THIS VOLUME REPRESENTS THE MAXIMUM CAPACITY OF THE CONTAINER UNDER
IDEAL CONDITIONS.

THe SUBSTANCE; BENZENE

Benzene (C¢H,) IS A COLORLESS, AROMATIC HYDROCARBON WITH A DISTINCTIVE SWEET ODOR. |T IS HIGHLY FLAMMABLE AND
VOLATILE, WITH A BOILING POINT OF APPROXIMATELY 80.1°C AT ATMOSPHERIC PRESSURE. |TS PHYSICAL PROPERTIES,
ESPECIALLY ITS DENSITY, ARE TEMPERATURE-DEPENDENT, WHICH IS CRUCIAL FOR ACCURATE CALCULATIONS.

THe ConDITIONS: TEMPERATURE AT 22°C

TEMPERATURE PLAYS A CRITICAL ROLE IN THE PHYSICAL STATE AND DENSITY OF LIQUIDS. AT 22°C (\X/HICH IS ROUGHLY ROOM
TEMPERATURE), BENZENE EXISTS AS A LIQUID WITH A SPECIFIC DENSITY THAT INFLUENCES HOW MUCH BENZENE IS PRESENT IN A
GIVEN VOLUME.

PHYsICAL PROPERTIES OF BENZENE RELEVANT TO THE CALCULATION

DensiTY oF BeNzene AT 22°C

DENSITY IS DEFINED AS MASS PER UNIT VOLUME (G/cM®). ACCORDING TO STANDARD DATA, THE DENSITY OF BENZENE AT 20°C
IS APPROXIMATELY 0.8787 c/cM®. Since 22°C 1s cLose To 20°C, THE DENSITY AT 22°C CAN BE APPROXIMATED AS:

- DensITY AT 22°C = 0.8787 G/cM® (ASSUMING MINIMAL CHANGE OVER THIS TEMPERATURE RANGE)

THIS DENSITY ALLOWS US TO CONVERT VOLUME TO MASS, WHICH IS OFTEN MORE RELEVANT IN CHEMICAL APPLICATIONS.

V OLUMETRIC EXPANSION AND TEMPERATURE DEPENDENCE

LIQUIDS EXPAND SLIGHTLY WITH TEMPERATURE INCREASE, LEADING TO A DECREASE IN DENSITY. THE COEFFICIENT OF
VOLUMETRIC EXPANSION (B) FOR BENZENE IS APPROXIMATELY 9.3 X 1074 /°C. Over A 2°C INCREASE FROM 20°C To 22°C,
THE CHANGE IN VOLUME AND DENSITY CAN BE ESTIMATED, BUT GIVEN THE SMALL TEMPERATURE DIFFERENCE, THE APPROXIMATION



USING STANDARD DENSITY VALUES IS SUFFICIENT FOR MOST PRACTICAL PURPOSES.

CALCULATING THE AMOUNT OF BENZENE IN THE BOTTLE

ST1ep 1: RECOGNIZE THE VOLUME OF THE BENZENE

SINCE THE BOTTLE IS FILLED TO THE BRIM, THE VOLUME OF BENZENE IS:
-V =150cm®

THIS VOLUME IS THE TOTAL SPACE OCCUPIED BY BENZENE INSIDE THE CONTAINER.

STeP 2: CONVERT VOLUME To MAss UsING DeENSITY

THE MASS OF BENZENE IS:

\[
\TexT{Mass} = \TexT{DensiTY} \TiMes \TexT{VoLuUME}

\]

PLUGGING IN THE VALUES:

\[
\TexT{Mass} = 0.8787 \, \text{c/cm}"3 \1iMes 150 \, \text{cm}"3 = 131.805 \, \text{c}
\]

THEREFORE, THE BOTTLE CONTAINS APPROXIMATELY 13 1.8 GRAMS OF BENZENE AT 22°C.

ADDITIONAL CONSIDERATIONS AND IMPLICATIONS

PHYSICAL BEHAVIOR AND SAFETY PRECAUTIONS

BENZENE'S VOLATILITY MEANS THAT EVEN WHEN STORED CAREFULLY, IT CAN EVAPORATE, ESPECIALLY IF THE CONTAINER ISN'T
PERFECTLY SEALED. FILLING A BOTTLE TO THE BRIM MINIMIZES THE HEADSPACE, REDUCING EVAPORATION AND ENSURING THE
AMOUNT OF BENZENE REMAINS CONSISTENT.

SAFETY IS PARAMOUNT: BENZENE IS CARCINOGENIC, AND HANDLING IT REQUIRES PROPER PROTECTIVE GEAR AND VENTILATION.
UNDERSTANDING THE QUANTITY PRESENT HELPS IN RISK ASSESSMENT AND SAFETY PLANNING.

IMPACT OF TEMPERATURE V ARIATIONS ON VOLUME AND DENSITY

W/HILE THE CALCULATION ABOVE ASSUMES STANDARD DENSITY AT 22°C, REAL-\WORLD CONDITIONS MIGHT DIFFER SLIGHTLY:



- TEMPERATURE FLUCTUATIONS CAN CAUSE EXPANSION OR CONTRACTION OF BENZENE, ALTERING ITS VOLUME AND DENSITY.
- PRESSURE CHANGES (IF THE CONTAINER IS SEALED AND TEMPERATURE VARIES SIGNIFICANTLY) MIGHT INFLUENCE BENZENE'S
STATE.

IN LABORATORY OR INDUSTRIAL SETTINGS, THESE FACTORS ARE METICULOUSLY CONTROLLED OR ACCOUNTED FOR.

ReLeEVANCE OF THE CALCULATION IN PRACTICAL SCENARIOS

KNOWING THE PRECISE AMOUNT OF BENZENE IN A CONTAINER IS ESSENTIAL FOR:
- CHEMICAL REACTIONS REQUIRING EXACT MOLAR QUANTITIES.
- SAFETY PROTOCOLS FOR HANDLING, STORAGE, AND DISPOSAL.

- REGULATORY COMPLIANCE, AS BENZENE IS REGULATED DUE TO ITS HEALTH HAZARDS.
- DESIGNING PROCESSES LIKE DISTILLATION OR EXTRACTION.

ADVANCED Torics: MoLECULAR CONSIDERATIONS AND MOLAR QUANTITIES

CALCULATING MOLES OF BENZENE

FOR CHEMISTS, CONVERTING GRAMS TO MOLES PROVIDES INSIGHT INTO REACTION STOICHIOMETRY:
- MOLECULAR WEIGHT OF BENZENE: 78.11 G/MoL

NUMBER OF MOLES:

\[
\texT{MoLes} = \rrRAac{\TexT{MAss}}{\TexT{MoLecuLAR WEIGHT}} = \FrRAC{131.8 \, \TexT{c}}{78.11 ),
\TexT{c/moL}} \apPPrOX 1.69 \, \TEXT{MOL}

\]

THUS, THE BOTTLE CONTAINS APPROXIMATELY 1.69 MOLES OF BENZENE.

CoNCLUSION

THE QUESTION OF HOW MUCH BENZENE IS IN A 150 cM® PYREX BOTTLE FILLED TO THE BRIM AT 22°C IS ANSWERED THROUGH
FUNDAMENTAL PRINCIPLES OF PHYSICAL CHEMISTRY. BY UNDERSTANDING BENZENE'S DENSITY AT ROOM TEMPERATURE, WE
DETERMINE THAT THE BOTTLE CONTAINS ROUGHLY 13 1.8 GRAMS OrR 1.69 MOLES OF BENZENE.

THIS CALCULATION UNDERSCORES THE IMPORTANCE OF PRECISE MEASUREMENTS IN CHEMICAL HANDLING, SAFETY MANAGEMENT,
AND SCIENTIFIC RESEARCH. |T ALSO EXEMPLIFIES HOW TEMPERATURE-DEPENDENT PHYSICAL PROPERTIES DIRECTLY INFLUENCE
PRACTICAL APPLICATIONS. AS BENZENE REMAINS A SUBSTANCE OF INTEREST AND CONCERN IN BOTH INDUSTRIAL AND
ENVIRONMENTAL CONTEXTS, SUCH ANALYSES ARE VITAL FOR ENSURING SAFE AND EFFECTIVE USE.
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NoOTE: ALWAYS HANDLE BENZENE WITH APPROPRIATE SAFETY MEASURES, INCLUDING GLOVES, EYE PROTECTION, AND ADEQUATE
VENTILATION, DUE TO ITS TOXIC AND CARCINOGENIC NATURE.
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