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Introduction

Aim: To produce a high-quality and accessible framework for learning, learning materials and guidance materials to enable holistic delivery of the content of Performance Outcome 1 in the Technical: Laboratory Sciences Occupational Specialism [Version 2, June 2023].
In the T Level Technical Qualification in Science, there are three Performance Outcomes related to the Technical: Laboratory Sciences Occupational Specialism:
1. Perform a range of appropriate scientific techniques to collect experimental data in a laboratory setting, complying with regulations and requirements. 
2. Plan, review, implement and suggest improvements to scientific tasks relevant to a laboratory setting. 
3. Identify and resolve issues with scientific equipment or data errors.
In Performance Outcome 1, learners are expected to have hands-on experience of the following practical activities: paper and thin-layer chromatography; distillation; acid-base and redox titration; refluxing; filtration; differential staining (microorganisms); aseptic culture of microorganisms; preparation of serial dilution; prepare a solution of defined molar concentration; colorimetry; pressure using a U-tube manometer; temperature using a probe and data logger; radioactive count rate using a Geiger counter; using a conductivity meter to measure the conductivity of a solution; measuring electrical polarity using an ammeter and a voltmeter; calibrating a pH meter, a balance and a mechanical (variable-volume) pipette.
This resource provides a framework for learning, lesson plans and associated materials to facilitate holistic delivery of Performance Outcome 1 using a contextualised approach, giving learners realistic workplace scenarios and developing their technical practical skills through a range of practical activities.
Any realistic technical scenario will also inevitably cover aspects of both Performance Outcomes 2 and 3, and these are indicated in the framework of learning where appropriate. 
This framework is based on quantitative analysis using different kinds of titration, with a scenario involving work in an analytical laboratory setting. The scenario could be adapted to consider local employers. 
As a laboratory technician in an analytical laboratory undertaking quantitative analysis (assay), there would be an expectation to complete both manual and automated titrations. In fact, many of the titration analyses completed in commercial laboratories use the manual processes that learners undertake in this framework for learning. The use of probes to follow a titration will allow learners to relate their work to auto titrators which are used commercially.
This framework also allows learners to develop their autonomy in their work so that they feel confident to use written instructions to carry out analyses with quality and efficiency.
The practical activities covered in the scenario will allow learners to develop appropriate skills to perform a range of scientific techniques, including:
· acid-base and redox titrations
· preparing a serial dilution
· preparing a solution of defined molar concentration
· using a conductivity meter to measure the conductivity of a solution
· calibrating a pH meter, a balance and a mechanical (variable-volume) pipette.
There is an opportunity for providers to link the project work to visits, speakers or placements at local analytical laboratories to give learners context regarding the skills learnt and how processes may differ in practice.
This resource has two sections:
Framework for learning
This covers 21 hours of learning and practise. Further hours for site visits or speakers could be added to this framework.
Lesson plans
There is a lesson plan for each stage in the sequencing and scaffolding of learning in the framework for learning. These lessons are contextualised to working in an analytical laboratory.

Note:
There is a separate slide deck that can be used with the lessons.
There are additional resources linked to each lesson where appropriate.

 

Section 1: Framework for learning
The framework sets out an approach that uses 14 x 1.5-hour lessons, which follow an order that has some delivery flexibility, as shown by the framework for learning diagram below. The framework includes nine practical laboratory investigations, for which learners follow the same process of context, practise, application and evaluation. 
Laboratory investigations process
Context
The learners firstly relate the method to prior learning from the Core Content as indicated in the framework diagram and detailed in the individual lesson plans.
Practise
Learners’ skills are developed using an example of the practical activity that can be evaluated and gives learners an opportunity to improve their laboratory skills.
Application
After experiencing the procedure, learners independently undertake an investigation of a realistic analytical sample to apply and embed their skills.
Sequencing and scaffolding
The framework for learning consists of three stages. Each stage relates to the next and will build on the skills learnt. For example, after learners prepare a risk assessment for a practical technique, they will be expected to create risk assessments for subsequent practical techniques, building on their knowledge of hazard and risk. The stages are combined in an overview learning journey that consists of:
· the framework of learning and chronology of the lessons – each section has a number that can be aligned to the associated lesson plan and links to resources for that session
· a resource pack with standard procedures, templates and technical support documents
· a slide deck for each lesson.


The following diagram shows how the development of practical skills will be sequenced and scaffolded through this framework for learning.
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Framework for learning
Occupational Specialism – Technical: Laboratory sciences

Performance Outcome 1: Perform a range of appropriate scientific techniques to collect experimental data in a laboratory setting, complying with legislation and requirements.
Core component A
   1. Risk assessment
Core component B
10. Iron content
11. Analysis of vitamin C


   2. Titrations

4. Standard solutions
Core component B

Core component B
 14. Automation
13. Analysis of sulphate ions in water
9. RedOx titrations
8. Analysis of vinegar
7. pH titrations
6. Analysis of citric acid
12. Conductometric titrations
5. Standardisation
Core component B
Core component B
   3. Acid-base titrations


[bookmark: _heading=h.2f0ygbei1orp][bookmark: _heading=h.gjdgxs]Section 2: Lesson plans

	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14

	
Risk assessment
· Identify hazards.
· Complete risk assessments (RAs).
 
How/What 
· Paired work to identify hazards.
· Presentation and discussion of hazard and risk.
· Individual short hazard quiz. 
· Online research to identify a variety of hazards from standard data sheets.
· Small group work to complete RA.




	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Titrations
· Understand acid-base titration method.
· Complete calculation of unknown concentration from titration against standard.
 
 How/What 
· Individually, answer questions on acid-base reactions.
· Observing titration demonstration and recording data.
· Presentation and worked four-part calculation.
· Individually demonstrate ability to calculate concentration from data using a four-part calculation.




	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Acid-base titrations
· Carry out an acid-base titration and record results.
· Complete calculation of unknown concentration using titration data.
 
 How/What 
· Discuss what needs to be in a lab book.
· Show expected layout for good laboratory practice (GLP).
· Discuss need for calibrated equipment and show calibration of pipette and burette.
· In pairs, carry out titration.
· Individually demonstrate ability to calculate concentration from data using a four-part calculation.
 






	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Standard solutions
· Calculate mass required for a known concentration.
· Prepare a standard solution using a standard method.
 
 How/What 
· Practise molar calculations.
· Calculate mass required for a known solution.
· Practise using a volumetric flask to measure volume accurately.
· Use a card sort of activity to confirm understanding of the process to prepare a standard solution.
· Individually demonstrate ability to make a standard solution using a standard method.




	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Standardisation
· Use a prepared standard solution to standardise a base.
 
 How/What 
· Recall four-step calculation process.
· Recap observed titration method steps.
· Check calibration of pipette and burette.
· Individually carry out titration using a standard method achieving concordant results.
· Peer review of GLP: recording of results.
 




	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14

	
Analysis of citric acid
· Use a prepared standardised basic solution to determine the concentration of an acid solution.
 
How/What 
· Individually, review appropriateness of an RA.
· Set up and clean titration glassware.
· Individually, carry out titration using a standard method achieving concordant results.
· Calculate concentration of citric acid solution using concordant results.
· In pairs, review exam-style question.






	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 pH titrations
· Understand how pH titrations are used when a weak acid or base is used.
· Observe a pH titration of a weak acid and construct a pH curve to determine equivalence volume.
 
 How/What 
· In pairs, determine equivalence point and link to pH.
· Show indicator selection relating to pH of colour change.
· Using curves of pH vs volume provided, identify inaccuracy of indicator end point for weak acids and bases.
· Demonstrate use of pH meter to follow changes in pH during titration.
· Individually, plot curve of pH against volume and determine titration volume for equivalence point pH.
 



	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Analysis of vinegar
· Carry out a pH titration and record results.
· Complete calculation of unknown concentration by plotting curve of pH against volume.
 
 How/What 
· Individually, write an RA.
· Check calibration of pH meter.
· Individually, carry out pH titration using a standard method.
· Calculate concentration of vinegar from their plotted pH curve.
· Whole-group discussion about improvements to standard operating procedure (SOP) 4.




	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 RedOx titrations
· Balance reactions using oxidation and reduction (RedOx) half equations.
· Titrate a solution of sodium thiosulphate with a standard iodine solution using a standard method.
 
 How/What 
· In pairs, identify oxidation and reduction processes as exchange of electrons.
· Individually, construct half equations and use these to balance RedOx equations.
· Teacher demonstration of RedOx colour change to identify end point in a titration.
· Carry out RedOx titration in pairs and peer review.
· Individually demonstrate ability to calculate the concentration of a thiosulphate solution from titration data.




	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Iron content
· Use a standard solution of potassium permanganate to determine the iron content in a tablet.
 
 How/What 
· Individually, complete starter questions.
· Write SOP based on given method 5.
· Individually, carry out titration using a standard method achieving concordant results.
· Calculate concentration of iron by balancing equation and using four-point method.
· In pairs, apply knowledge to exam-style question.
 




	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Analysis of vitamin C
· Use a standard solution of 2,6-dichlorophenol-indophenol (DCPIP) to determine the ascorbic acid (vitamin C) content in a solution.
  
 How/What 
· Teacher introduces Occupational Specialism Assessment (OSA), scenario and standard method.
· In pairs, learners identify good practice.
· Learners individually carry out titration using a standard method achieving concordant results.
· Learners self-assess performance against Task 1(a) ‘Learner procedure assessment’.
 



	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Conductometric titrations
· Describe conductometry and the conductivity meter.
· Demonstrate a conductometric titration and the calculation of titre volume using a conductivity against volume graph.
 
 How/What 
· In pairs, identify oxidation and reduction processes as exchange of electrons.
· Teacher describes conductivity in terms of solubility and mobility of electrolytes and conductivity meter.
· Teacher graphically explains change in conductivity due to neutralisation of electrolytes.
· Learners plot data to calculate concentration.
· Learners observe conductometric titration of hydrochloric acid with sodium hydroxide to calculate concentration of hydrochloric acid using a graph of conductivity against volume of sodium hydroxide.
· Learners write and review simple SOP.




	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Analysis of sulphate ions in water
· Use a standard solution of barium chloride to determine the sulphate content in wastewater.
 
 How/What 
· Learners follow given SOP based on OSA assignment brief 2.
· In pairs, carry out titration using a standard method achieving concordant results.
· Learners peer review laboratory practice.
· Self-marking of laboratory practice and calculation, using OSA mark scheme. 



	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12
	L13
	L14


	
 Automation
· Research automation of titration methods in industrial settings
 
 How/What 
· Learners suggest how automation may improve the titration methods that have been completed in the laboratory science specialism. 
· In groups, carry out research into potentiometric/conductometric, pH, ion selective and Karl Fischer titration and report to class. 
· Individually, question and clarify presented information and complete summary document with advantages and disadvantages for each technique. 
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	Title: Risk assessment

Learning objectives: 
All learners will be able to identify hazards from experimental titrations and use safety data sheet (SDS) information to complete a risk assessment using Health and Safety Executive (HSE) five-point guidance on a risk assessment (RA) template to control the risk. Some learners will be able to use the RA to mitigate the risks.

Targeted content reference:
[bookmark: _Hlk166059314]Performance Outcome 1: K1.1, S1.69 and S1.70 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 1 of 14


	Prior learning:
Core Component, A3.2 and A2.12

	Timing
	Teacher activity
	Learner activity
	Resources

	15 minutes







5 minutes
	Present and discuss learning objectives.

Play embedded video of a practical activity workstation (titration).


Lead discussion to:
· question what hazards learners have
· identify whether a risk is given instead of a hazard.

Define hazard (chemical and physical) and risk:
· relate chemical to Control of Substances Hazardous to Health (COSHH)
· relate physical to health and safety at work act.
	Take notes.

Task: Assess what hazards are present in the video of the practical activity – identify five hazards, share with peers and present to class.


Discuss what is a hazard and what is a risk.





Take notes.
	Slide deck

RA template 1

RA example 1

SOP example 1

SOP 1

Exam-style question 1


	15 minutes
	Introduce SDSs.  


Show where information is found on typical SDS – link to COSHH regulations. 

Review hazard symbols and use of labelling.

Run hazard symbol quiz
	Research SDS from the internet.

Note: SDSs are available through the Consortium of Local Educational Authorities for the Provision of Science Services (CLEAPPS). 


Learners complete hazard symbols quiz. 

Use example SDS to find hazard and risk for given example chemicals on slide deck.


	

	15 minutes







10 minutes
	Introduce an example of risk assessment showing where information is found.


Review learners RA produced.

Outline RA calculation: 1-5 scale of risk x likelihood. 





Using value to determine whether controls are needed and the review process.

	Task: Learners work in small groups to create a RA based on the example shown: 
· identifying chemical hazards and risk using SDS
· identifying physical hazards and risk.

Peer review RA produced.


Learners (small group work) calculate risk value using risk x likelihood and determine whether mitigation is required (5 or above), including:
· discussion about perceived vs actual risk to check values
· discussion of what mitigation or control can be used (1. Remove: change method, 2, Reduce: dilution of chemicals then 3. Personal protective equipment (PPE), fume cupboard).

Learners update template following mitigation.

	

	30 minutes
	Present method standard operating procedures for standardisation using titration. 
	Task: Learners use a given method and the list of chemicals and equipment in the method to complete risk assessment individually using RA template. Access to SDS database online as above.       

It is expected that this may take longer than 30 minutes and form the learner preparation for lesson 4.

	

	Other information: 
Opportunity to pair lower ability learners with higher ability learners for peer support.

Most writing will be in terms of templates – consider overlay for dyslexic learners. Teachers will circulate during individual and group work to answer questions and check understanding. Class should have availability of IT devices.

	Next steps in learning 
Lesson prep: Complete final task to be handed in for sign-off prior to the start of session 2 to be used in lesson 4.
In lesson 2, learners will observe a demonstration of a titration and follow an RA to ensure they work safely when carrying out a titration.
Complete NCFE T Level exam question (Question 17, Core knowledge and understanding, Paper A Specimen Assessment Materials-2022) as homework to be completed by lesson 5.
(link to A8.1 and K1.1, S1.68 and S1.89 [Technical specification version 2.0 June 2023 technical: laboratory science])






	Title: Titrations

Targeted content reference:
Performance Outcome 1, K1.12 and K1.13, GMC5 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 2 of 14


	Prior learning: 
Core Science Concepts, B1.36, B1.44 and B2.29

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes
	Set out starter activity.

Circulate and check understanding.

Ask targeted learners to write their answers to specific questions on the whiteboard.  Encourage other learners to comment on the answer.

Share slide deck to confirm accurate responses expected.
	Task: Individually answer questions on acid-base questions sheet. 


As directed, write an answer on the whiteboard.



Comment on the answer written on the board, as requested by the teacher.

	Slide deck
Acid-base questions sheet
Titration calculation worksheet


	15 minutes

	Instruct learners to collect and put on lab coat and glasses.

Demonstrate the titration process, highlighting key health and safety measures applied and the steps in the process, and asking probing questions of learners to check understanding.

	Collect and put on lab coat and glasses.


Task: Watch demonstration.

Record order of steps in method. Ask questions for clarification and answer questions as directed by the teacher.

	

	20 minutes
	




Share slide which shows the five steps.

Discuss what is happening in each stage of the titration and how this affects:
· accuracy 
· cleanliness
· record (meniscus)
· end point (equivalence point).
	In small groups, share the recorded order of steps to identify similarities and differences.

Agree the five key steps.

Each group feedback back their five steps.


Engage in class discussion led by teacher.
	

	15 minutes
	Introduce results table and define concordance. 

Show four-point calculation for the concentration of an unknown solution for a titration against a standard solution of known concentration. Ask questions of learners throughout the demonstration, drawing on their prior learning.

Teacher presents calculation task on slide deck.

Teacher circulates and checks each answer.

Direct learners to next task or provide support for learners with incorrect answers.

	Identify concordant volume by use of data table on slide deck.

Make notes, ask clarification questions. Answer questions from teacher.





Task: Learners work in pairs to calculate unknown concentration.
	

	30 minutes
	Distribute the Titration calculation worksheet to learners as they complete the previous task accurately.

Circulate and review learners’ answers.

Set homework task.
	Task: Learners work individually through Titration calculation worksheet.


Learners make corrections if required.
	

	Other information: 
Opportunity to pair lower ability learners with higher ability learners for peer support.
Maths: Titration calculations.
English: Asking questions, providing feedback on behalf of a group, discussing as a group.
Consider overlay / handouts for dyslexic learners. 
Extension tasks:  
· Acid-based question sheet extension question.
· Provide a table of data and a standard concentration for learners to calculate an unknown concentration.

	Next steps in learning
If learners need to revisit the titration process, they can access the video (https://youtu.be/HNjKRnfbKiY).
Homework: Revisit the calculation process by accessing the interactive virtual titration from RSC.edu using this link:(https://virtual.edu.rsc.org/titration/experiment/2/5). Use this to calculate the concentration from this virtual titration.
In lesson 3, learners will carry out a titration and follow an RA to ensure they work safely when carrying out a titration. (link to A8.1 and K1.47, S1.74, S1.77 and S1.89 [version 2.0 June 2023 technical: laboratory science])






	Title: Acid-base titrations

Targeted content reference:
Performance Outcome 1, S1.68 and S1.71 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 3 of 14


	Prior learning:
Core Science Concepts, B1.44, B1.77 and Core Component, A5.2

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes
	Set out requirements of task.


Direct each group to give one example.  Collate answers by creating a list on the board.

Ensure each group is asked for a new example. When all examples given, summarise.
	Task: In groups, list information that needs to be recorded for a laboratory practical.  

Each group gives one example from their list, until all examples are given. Learners read out their list.

Take notes, updating their list.
	Slide deck
Lab book – suggested template
SOP example 2
RA example 2
Laboratory facilities

	10 minutes 
	Share slide showing potential layout of a lab book, explaining reasons for inclusion and layout.
	Create a template in their lab book ready for use.
	

	10 minutes
	Hand out SOP example 2. 


Instruct learners to collect and use PPE.

Demonstrate titration equipment and assembly for task – describe the purpose of each piece of equipment, answer questions from learners.

	Read SOP. Ask questions for clarification of terminology and process, etc.

Collect and apply lab coat and glasses.

Observe titration equipment. Ask questions for clarification.

Use lab books to record method observed in learner’s own words, safety notes and results table using the format given.
	

	45 minutes
	Set out task requirements.

Observe and circulate during practical activity
	Task: Work in pairs. One carries out the titration, and the second learner observes and critiques the task undertaken.  

They then swap to carry out the same task, taking on board the critique.

Each learner completes several titrations in the time allowed, improving their performance based on their peer critique.

	

	10 minutes
	Remind learners of four-step calculation.
Circulate and review learner’s lab books and check answers.
	Ask questions for clarification.

Task: Learners individually calculate concentration from their titre values.

	

	5 minutes
	Exit task: What is GLP – Recording of data?
Question: If you were reading someone else’s lab book, what would you expect to see?  
	


Create your own checklist.

Learners swap lab books to peer mark and identify whether checklist is completed.

	

	Other information:
Opportunity to pair lower ability learners with higher ability learners for peer support.
Maths: Titration calculations, tabulating data.
English: Recording work in a lab book.
Consider colour overlay / handouts for dyslexic learners. 
Teacher will circulate during individual and group work to answer questions and check understanding.
Extension: Consideration of errors in method and suggestion of improvements.

	Next steps in learning
Lesson prep: Completed risk assessment from lesson 1 (sign off prior to the start of session 2) to be used in lesson 4.
In lesson 5, learners will carry out a titration of a standardised solution individually. (link to A8.1 and K1.1, S1.68 and S1.89 [Specification version 2.0 June 2023 technical: laboratory science]).






	Title: Standard solutions

Targeted content reference:
Performance Outcome 1, K1.12, S1.75, S1.80 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 4 of 14


	Prior learning: 
Concept of moles and mass, ability to make mole calculations

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes
	Introduce scenario. Give out WFCG Scenario.

Questions:
Why do we need standards? 

What properties should a standard have?

Discussion – compare learner answers to list provided.

Explain types of standards – stable solid chemicals or solutions and Analar (purity).
	Read WFCG scenario.



Contribute to open discussion.

Task: in pairs – list three properties.




Take notes.
	Slide deck
Laboratory facilities
Lab book
WFCG scenario
RA: Preparation of a standard solution of sulphamic acid
Mole calculations
Card sort
SOP 1


	10 minutes

	Present purpose of mole calculations in establishing standardised solutions.

Present mole calculations answers.
	Complete mole calculations.
	

	10 minutes
	Refer learners to the RA for the task and instruct learners to apply the correct PPE.

Demonstration activity on making a standard.




Talk through the process and discuss with learners what is happening and why they think this affects accuracy.
	Collect and apply appropriate PPE. 


Watch demonstration.

Discuss what is happening in each stage of the process and how this affects accuracy.

Observe and make notes.
	

	5 minutes
	Explain to learners the reasons for calibration of weights, the process for calibration, records maintained and the role titles of those involved.

Demonstrate – calibration of balance with weights.
	Make notes.




Record date of last calibration in lab book.
	

	10 minutes
	Set out task (card sort) to confirm understanding of the process to prepare a standard solution. 

Circulate the pairs to review the outcomes.

Refer to slide deck to confirm correct process.
	Task: Learners work in pairs to complete card sort. Pair, share – one of each pair to observe what another pair has completed.
	

	5 minutes

	Set out requirements of task.


Observe learners using volumetric flask.
	Task: Learners practise filling volumetric flask to a line.

Learners critique each other's work.
	

	10 minutes
	Set out requirements of task as given on the slide deck. Allocate a time limit, e.g. three minutes.
Review learners’ answers – circulate.
Ask a learner with the correct answer to set out how they came up with the answer and answer questions from other learners if needed.
	Task: Learners individually calculate mass required to make 0.1moldm-3 solution of sulphamic acid in 250cm3.

Peer learning. One learner presents to the class, the others listen and ask questions if needed.
	

	30 minutes
	Direct learners to make solution following the SOP1.
	Task: Learners follow method to make standard sulphamic acid solution, calculate actual concentration and label volumetric flask.

Learners to record in lab book.
	

	
	Exit ticket: Instruct learners to write on a sticky note one improvement that could be made to the method.
	On a sticky note, give one improvement that could be made to the method. Pass to the teacher.
	

	Other information:
Opportunity to pair lower ability learners with higher ability learners for peer support.
Maths: Mole calculations.
English: Reading risk assessment, SOP. Completing lab book. Completing SOP with calculations.
Consider overlay for dyslexic learners. 
Teachers will circulate during individual and group work to answer questions and check understanding. 
Some learners will be able to calibrate the balance and calculate percentage error from this calibration.  
There could be differentiation with card sort by having different ‘blanks’ that learners must determine.

	Next steps in learning 
Lesson prep: Video: Making a standard solution part 1 and part 2 of process can be posted for flipped learning (SOP 1 standardisation) and for learners to access if they have any queries or want to revisit the learning.
In session 5, learners use the prepared sulphamic acid standards to carry out a titration to standardise a solution of NaOH individually. (link to A8.1 and K1.12, K1.13, S1.68, S1.74 and S1.77 [version 2.0 June 2023 technical: laboratory science]).




	Title: Standardisation

Targeted content reference:
Performance Outcome 1, K.1.12, K1.13, S1.68, S1.74, S1.85 and S1.86, GMC1, GMC5 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 5 of 14


	Prior learning: 
Core Component, A5.2, Core Science Concepts B1.36, B1.44, and B2.29
Note homework from lesson 1 (Exam-style question 1) due

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes



	Starter to check prior learning (lesson 3).


	Task: In pairs, calculate the concentration of hydrochloric acid from titration data, using Titration calculation sheet.

Take notes.

	Slide deck

Laboratory facilities

Risk assessment

Titration calculation sheet

RA Standardisation

SOP 2

Standard solutions of sulphamic acid made in lesson 4



	10 minutes







	Provide learners with a risk assessment and ask them to prepare for the activity, collecting and applying PPE as appropriate.

Provide learners with SOP. Ask them to read. Check understanding.

Demonstrate titration equipment and assembly for task – describe the purpose of each piece of equipment, answer questions from learners.

Follow instructions from learners, selecting different learners to give the next stage in the process.

	Read risk assessment and collect and apply appropriate PPE. 


Read SOP. Ask questions for clarification of terminology, process etc.

Observe titration equipment. Ask questions for clarification.



Selected learners instruct teacher on the process to follow.
	

	10 minutes
	Ask learners why glassware needs calibrating – referring to previous lesson.

Demonstrate calibration of glassware dispense 25cm3 liquid into weighing boat and weigh volume of liquid. 
	Propose and answer based on learning from previous lesson.

Take notes to identify process for calibration.

Calibrate glassware.
	

	50 minutes
	Instruct learners to follow SOP to standardise a solution.

Circulate to check good practice and concordant data.
	Task: Learners use their standard solutions of sulphamic acid made in lesson 4.

Learners collect equipment and safely and accurately complete titration according to SOP 2.

Learners record results in their lab book.

Task: Learners use their results to calculate concentration of sodium hydroxide.

	

	10 minutes
	Instruct learners to carry out a peer review.



Ask learners for any key points arising from the peer review of the Lab Book.

Refer to slide with GLP – Recording of data.

	Peer review – review another learner’s lab book against GLP – Recording of data principles covered in lesson 3. 

Present any significant points arising from the peer review.
	

	Other information: 
Maths: Titration calculations.
English: Read SOP, RA, peer review of lab books, describing process to teacher.
Consider overlay / printouts for dyslexic learners. 
Teachers will circulate during individual and group work to answer questions and check understanding. 
Extension activities:
· Discuss how accuracy of pipette and burette is guaranteed.  
· All learners should aim for concordance of 0.05cm3.
· Identify standard error and consider improvements to method.


	Next steps in learning 
In lesson 6, learners will use standardised sodium hydroxide to determine concentration of citric acid solution. (link to A8.1 and K1.12, K1.13, S1.68 and S1.77, B2.31 [version 2.0 June 2023 technical: laboratory science])







	Title: Analysis of citric acid

Targeted content reference:
Performance Outcome 1, S1.68, S1.73, K1.13 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 6 of 14


	Prior learning:
Core Science Concepts, B2.31, B1.36, B1.44 and B2.29
The stages of an acid-base titration

	Timing
	Teacher activity
	Learner activity
	Resource

	15 minutes
	Set out starter activity.

Circulate and check understanding, return homework (Exam-style question 1).

Ask targeted learners to write their answers to specific questions on the whiteboard.  

Encourage other learners to comment on the answer.

Share slide deck to confirm accurate responses expected.

	Task: Individually, answer questions linked to understanding of RA. 



As directed, write an answer on the whiteboard.

Comment on the answer written on the board, as requested by the teacher.

	Slide deck
Risk assessment and SDS for citric acid
Starter question
RA SOP 3
SOP 3 
Previous NaOH standard solution provided from lesson 5
Plenary exam-style question
Plenary exam-style questions mark scheme
Access to internet

	15 minutes

	Provide learners with an RA, SOP and SDS for citric acid. Ask them to prepare for the activity. They will need to alter the RA to consider collecting and using PPE as appropriate.

Check understanding by reading altered RA.

	Learners individually collect RA and SOP, and find SDS online.

Task: Add changes to the RA using citric acid cleaner.

Update lab book as appropriate.

	

	50 minutes
	Instruct learners to follow the SOP to standardise a solution.


Circulate to check good practice and concordant data. Check learners understand effect of dilution.
	Task: Learners collect equipment and safely and accurately complete titration according to SOP 3.

Learners record results in their lab book.

Task: Learners use their results to calculate concentration of citric acid.

	

	10 minutes
	Show exam-style question on board.

Circulate and review learners’ answers.

Set homework task.
	Task: Learners work in pairs to answer exam question and peer mark.

Learners make corrections if required.
	

	Other information: 
Opportunity to pair lower ability learners with higher ability learners for peer support.
Maths: Titration calculations.
English: Asking questions, providing feedback on behalf of a group, discussing as a group.
Consider overlay / handouts for dyslexic learners. 
Extension task: Suggested improvements to method. 

	Next steps in learning
Lesson prep: If learners need to revisit the titration process, they can access the video (https://youtu.be/HNjKRnfbKiY).
Homework: Research industrial application of acid-base titration. What is the analyte, how is the method different from the learner’s activity? 
In lessons 7 and 8, learners will consider weak acids and determination of end point using pH meter. (link to A8.1, B2.29, B2.31, K1.47, S1.74 and S1.85) [version 2.0 June 2023 technical: laboratory science])






	Title: pH titrations

Targeted content reference:
Performance Outcome 1, S1.68 and K1.13 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 7 of 14


	Prior learning:
Core Science Concepts, B2.31, B1.44 and A5.2 

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes
	Set out starter activity.



Ask targeted learners to write their answers to specific questions on the whiteboard. Encourage other learners to comment on the answer.

Share slide deck to confirm accurate responses expected.
	Task: In pairs, determine equivalence point of strong acid-base titration and use this to choose indicator.

Each pair gives one example from their list, until all examples are given. Learners read out their list. 


Take notes, updating their list.
	Slide deck
Laboratory facilities
Starter activity
pH curves
pH meter
Plot of a pH graph


	10 minutes 
	Show pH curves for weak acids and base. Set task.

Ask targeted learners to write their answers to specific questions on the whiteboard. Encourage other learners to comment on the answer.

Discuss pH curves for titration of weak and strong acids.
	Task (In pairs): Using handout of pH curves, learners identify situations where indicator and equivalence point disagree significantly.
Ask each pair until whole group has identified three of four curves where indicator and equivalence point disagree.


Make notes on definition of weak acid and base.
	

	10 minutes
	Define pH as -log [H+], show diagram of pH meter and link to concentration of H+ in solution.

	Annotate diagram of pH meter.

	

	20
minutes
	Instruct learners to collect and apply lab coat and glasses.

Demonstrate the titration process, highlighting key health and safety measures applied and the steps in the process, and asking probing questions of learners to check understanding. Note how results are processed and recorded.
	Collect and wear lab coat and glasses.


Task: Watch demonstration.

Record order of steps in method. Ask questions for clarification and answer questions as directed by the teacher.

	

	10 minutes
	Lead discussion to:
· question each step
· identify reason.


Circulate and review learners’ sticky notes and check answers.
	Task: In groups of three, compare notes on what is happening in each stage of the pH titration and how this effects accuracy:
· cleanliness
· calibration of pH meter
· rate of addition as pH changes
· stirring and time between measurements.

Group to record consensus on A3 sheet.
Send ‘envoy’ to share with second group to review. Add sticky notes to whiteboard with four titles (cleanliness, calibration, addition and stirring).

	

	10
minutes
	Show plot of pH against volume to:
· demonstrate determining equivalence volume
· find volume added and identify this as the titration volume. 
	Learners take notes.
	

	15 minutes
	Present data from slide and set task.
	Task: Plot given data and determine equivalence point and volume and use this to determine concentration.

Extension: Learners identify standard error and consider improvements to method of plotting data.

	

	5 minutes
	Exit task: What is good practice?
	Learners individually identify one improvement to the method and one improvement to the graph.

	

	Other information:
Opportunity to pair lower ability learners with higher ability learners for peer support.
Maths: Titration calculations, tabulating data and plotting graphs.
English: Group work, presenting findings.
Consider colour overlay / handouts for dyslexic learners. 
Teacher will circulate during individual and group work to answer questions and check understanding.
Extension: consideration of errors in method and suggestion of improvements.

	Next steps in learning
Lesson prep: Learners will have covered titration calculation previously, 
In lesson 8 - Continuation, learners will carry out pH titration of ethanoic acid. (link to A8.1, B2.29, B2.31, K1.47, S1.74 and S1.85 [version 2.0 June 2023 technical: laboratory science]).


 




	Title: Analysis of vinegar

Targeted content reference:
Performance Outcome 1, S1.68, K1.13 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 8 of 14


	Prior learning:
Core Science Concept, B2.31, concept of moles and mass, ability to make mole calculations 

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes
	Introduce scenario. Give out WFCG scenario.

Provide learners with a blank RA template SOP for vinegar and NaOH acid.
Direct learners to prepare for the activity by altering the RA to consider collecting and applying PPE as appropriate.

Check understanding by reading RA and set following task.

	Learners individually collect blank RA template, SOP and find SDS online. 

Task: Individually, write RA for vinegar analysis.

Update lab book as appropriate.


Collect appropriate PPE.
	Slide deck
Laboratory facilities
WFCG scenario
SOP 4
RA template 1
RA SOP 4 
Access to internet

	40 minutes

	Instruct learners to follow SOP to quantitatively titrate a solution of ethanoic acid using a pH meter.

Circulate to check good practice and that data is recorded correctly.
	Task: Individually, learners collect equipment and safely and accurately complete pH titration according to SOP 4.

Learners record results in their lab book.


	

	20 minutes

	Remind learners of method and instruct learners to plot data.


Review learner graphs and calculations.
	Task: Learners use their results to plot curve of pH against volume and determine the concentration of ethanoic acid.

Evaluation: Learners check the shape of their graph against an exemplar and repeat titration if necessary.
	

	20 minutes
	Extension task: Research examples of automated pH titration.
	Task: Learners work on extension task.

Learners to record in lab book.
	

	
	Plenary: Instruct learners to write on a sticky note one improvement that could be made to the method.
Write suggested improvements on board.
	On a sticky note, give one improvement that could be made to the method in SOP 4. Pass to the teacher.

Whole group discussion of collated improvements.

	

	Other information: 
Opportunity to pair lower ability learners with higher ability learners for peer support.
Maths: Drawing graphs, multistep titration calculations.
English: Writing RA and SOP. Completing lab book. Extension research task.
Consider overlay for dyslexic learners. 
Teachers will circulate during individual and group work to answer questions and check understanding. 
Some learners will be able to suggest improvements to the SOP.

	Next steps in learning 
Lesson prep: Video of pH titrations are available on online and can be posted for flipped learning and for learners to access if they have any queries or want to revisit the learning.
In session 9, learners will use the prepared sulphamic acid standards to carry out a titration to standardise a solution of NaOH individually. (link to A8.1 and K1.12, K1.13, S1.68, S1.74 and S1.77 [version 2.0 June 2023 technical: laboratory science]).







	Title: RedOx Titrations

Targeted content reference:
Performance Outcome 1, K.1.22, S1.73, S1.89 and S2.19, GMC1, GMC5 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 9 of 14


	Prior learning:
Core Science Concepts, B1.44

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes



	Starter to check prior learning (GCSE). Present starter slide and extension question given time.

Identify reduction and oxidation; remind learners of definition (if required)

	Task: In pairs, identify species being oxidised and reduced in examples given.

Complete extension question given time.

Take notes.

	Slide deck

RA

Laboratory facilities

RedOx starter

RedOx exercise sheet

SOP example 3

RA SOP example 3




	15 minutes







	Define oxidation number and how to identify the common oxidation numbers for groups 1, 2, 3, 6 and 7. 

Note oxidation strength of F, Cl and O.

Describe how to determine oxidation number in complex ions and for unclear examples (group 4, 5 and transition metals).

	Make notes, ask questions and complete example questions on board. 






	

	10 min
	Provide learners with a RedOx exercise sheet and give worked examples to identify half equations and to balance using the half equations.

Instruct faster learners to help learners that are struggling.

	Learners follow worked example then complete exercise sheet individually.
	

	10 minutes
	Provide learners with a risk assessment and ask them to prepare for the activity, collecting and use PPE as appropriate.

Provide learners with SOP. Ask them to read. Check understanding.

Demonstrate titration task – describe how the colour change determines end point and note requirement for starch to stabilise iodine. Answer questions from learners.

	Collect and use appropriate PPE. 



Read SOP. Ask questions for clarification of terminology, process etc.

Observe titration demonstration. Ask questions for clarification.

	

	35 minutes
	Instruct learners to follow SOP to determine concentration of sodium thiosulfate.


Circulate to check good practice and understanding of calculation.
	Task: In pairs, learners collect equipment and safely and accurately complete titration according to SOP example 3.

Learners observe each other and critique their technique. For example, they could video each other’s titration.

Learners record results in their lab book.

Task: Learners use their results to calculate concentration of iodine in solution.

	

	10 minutes
	Instruct learners to carry out a peer review.



Ask learners for any key points arising from the peer review of the lab book.

	Peer review: Review another learner’s lab book against the GLP – Recording of data principles covered in lesson 3. 

Present any significant points arising from the peer review.
	

	Other information: 
Maths: Titration calculations and balancing half equations.
English: Read SOP, RAs, Peer review of lab books, describing process to teacher.
Consider overlay / printouts for dyslexic learners. 
Teachers will circulate during individual and group work to answer questions and check understanding. 
Extension activities:
· Balanced half equations for disproportionation reactions and using H+ or OH- ions.  
· Identify standard error and consider improvements to method.


	Next steps in learning 
Lesson prep: Watch RSC video on following RedOx titration as homework set prior to lesson to improve understanding of demonstration.
In session 10, learners will individually carry out RedOx to determine concentration of iron in iron sulphate tablets. (link to A8.1 and K1.22, S1.69 and S1.77[version 2.0 June 2023 technical: laboratory science])






	Title: Iron content

Targeted content reference:
Performance Outcome 1, S1.73, K1.22 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 10 of 14


	Prior learning:
Core Science Concepts, B1.44

	Timing
	Teacher activity
	Learner activity
	Resource

	15 minutes
	Introduce scenario. Give out WFCG scenario.

Set out starter activity.

Circulate and check understanding.

Ask targeted learners to write their answers to specific questions on the whiteboard.  

Encourage other learners to comment on the answer.

Share slide deck to confirm accurate responses expected.
	Read WFCG scenario.


Task: Individually answer questions to balance questions using half equations. 


As directed, write an answer on the whiteboard.

Comment on the answer written on the board, as requested by the teacher.

	Slide deck
WFCG scenario
Starter questions
Method 5
Exam-style question


	15 minutes

	Provide learners with an RA, and method for the titration of iron sulphate with standard potassium permanganate solution ask them to prepare for the activity. They will need to write the method as an SOP.

Check understanding by reading the SOP.

	Learners individually collect RA, method and SDS. 

Task: Write SOP in standard format.


Update lab book as appropriate.

	

	
	Review SOP and suggest corrections as appropriate.
	Correct SOP as directed or move onto next task.
	

	50 minutes
	Instruct learners to follow SOP to determine iron content in solution.


Circulate to check good practice and concordant data.
	Task: Learners collect equipment and safely and accurately complete titration according to SOP based on method 1.

Learners record results in their lab book.

Task: Learners use their results to calculate concentration of iron sulphate in solution.

	

	10 minutes
	Show exam-style question on board.


Circulate and review learners’ answers.

Set homework task.
	Task: Learners work in pairs to answer exam-style question and peer mark.

Learners make corrections if required.
	

	Other information: (e.g. differentiation, English, Maths and Digital)
Opportunity to pair lower ability learners with higher ability learners for peer support.
Maths: Titration calculations.
English: Asking questions, providing feedback on behalf of a group, discussing as a group.
Consider overlay / handouts for dyslexic learners. 
Extension task: Suggested improvements to method. 

	Next steps in learning
Lesson prep: Learners will have completed RedOx titration and calculation in lesson 9 of 14. An RSC Video is available for learners to watch.
Homework: Research industrial application of RedOx titration. Consider three applications. How is the method different from the learner’s activity? 
In lessons 11 and 13, learners will complete a second RedOx example and determination of end point using a conductivity meter. (link to A8.1, B2.29, B2.31, K1.47, S1.74 and S1.85) [version 2.0 June 2023 technical: laboratory science])








	Title: Analysis of vitamin C

Targeted content reference:
[bookmark: _Hlk166063166]Performance Outcome 1, S1.68, K1.22 [version 2.0 June 2023 technical: laboratory science], Occupational Specialism Assessment (OSA) laboratory science [NCFE]

Lesson sequence number: 11 of 14


	Prior learning:
Core science concepts, B1.44 and B2.31, Concept of reduction and oxidation

	Timing
	Teacher activity
	Learner activity
	Resource

	15 minutes
	Give out exam-style OSA assignment part 2. Introduce general mark scheme from part 1(b) – following the SOP.

Introduce scenario.  
	Learners work in pairs to identify at least five good practices for a high grade (Band 4, 10-12 marks)

Learners ask questions.
	Slide deck
OSA assignment 2, part A – assignment brief 1 
OSA mark scheme 1



	5 minutes
	[bookmark: _Hlk166063218]Introduce 2,6-dichlorophenolindophenol (DCPIP) and reduction by ascorbic acid (vitamin C).

	Learners take notes.
	

	10 minutes
	Instruct learners to use the RA and SOP provided in OSA Assignment 2, part A to prepare for the activity.

	Learners read RA and SOP, identify PPE and write results table in lab book.
	

	50 minutes

	Instruct learners to follow modified SOP to determine vitamin C content in fruit juice, collecting and using PPE as appropriate.

Circulate to check good practice and that data is recorded correctly. Mark each learner against the OSA mark scheme.

	Task: Individually learners collect PPE and equipment. Safely and accurately complete RedOx titration according to OSA assignment part A.

Learners record results and SOP observation in their lab book.

Learners use their concordant titration volume to determine the concentration of ascorbic acid in the fruit juice.
	

	10 minutes


	Exit task: Instruct learners to evaluate their practice using the OSA mark scheme.
Circulate and compare learner self-evaluation against teacher mark.
Ask learners to identify improvements in their practice to improve grade. 

Collect improvements on board.
	Task: Learners use OSA assignment 2, part 1(b) mark scheme to mark their work using the band descriptor and the indicative content.


Learners write three improvements to the SOP and add this in an evaluation section of their lab book.

Learners check the improvements they have suggested against the class consensus and correct their books if necessary.

	

	Other information: (e.g. differentiation, English, Maths and Digital)
Class should be in laboratory.
Opportunity to pair lower ability learners with higher ability learners for peer support in evaluation tasks.
Maths: Multistep mole calculations.
English: Following OSA. Evaluation. Completing lab book.
Consider overlay for dyslexic learners. 
Teachers will circulate during individual and laboratory work to answer questions and check understanding. 
Some learners will be able to make suggestions for SOP improvement.

	Next steps in learning 
Lesson prep: SNAB biology or SAPS are among a number of web resources describing the process that can be posted for flipped learning and for learners to access if they have any queries or want to revisit the learning.
In session 14, learners will research automated titration methods, B2.31 [version 2.0 June 2023 technical: laboratory science]).





 
	Title: Conductometric titrations

Targeted content reference:
Performance Outcome 1, K.1.47, S1.73 and S1.75, GMC1, GMC5 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 12 of 14


	Prior learning:
Core Science concepts, B1.44

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes

	Starter to check understanding of oxidation and reduction in electrolysis cell. Present starter slide.

	Task: In pairs, identify species being oxidised and reduced and identify effect on conductivity
	Slide deck

Conductivity exercise sheet

RA SOP example 4

SOP example 4





	10 minutes




	Explain solubility of ionic species will determine conductivity in solution. 

Describe how conductivity meter works with both contacting and electrodeless examples.
	Make notes, ask questions. 




	

	10 min
	Show learners example graphs of conductivity against volume added and show “equivalence point as gradient of change in conductivity changes”.

Hand out exercise sheet. Instruct learners to use example data to identify equivalence point and to calculate concentrations from volume added using the four-point method.

Instruct faster learners to help learners that are struggling.

	Make notes and ask question.




Learners work in pairs to calculate concentration from example graphs and then plot given data to determine end point and calculate concentration.
	

	10 minutes
	Provide learners with a risk assessment and ask them to collect and using PPE as appropriate.

Demonstrate conductivity meter. Describe how the meter is calibrated and answer questions from learners.

	Read risk assessment and collect and use appropriate PPE. 


Observe demonstration. Ask questions for clarification.

	

	30 minutes




10 minutes
	Demonstrate titration method – describe how the conductivity changes as the concentration of free ions changes and indicate the end point where excess titrant increases conductivity.

Collect data and share with learners.

Circulate to check good practice and understanding of calculation.

	Observe demonstration. Ask questions for clarification.

Learners observe the demonstration and critique the method.

Task: Learners individually plot conductivity against volume and use this to determine the concentration of sulphate ions.

	

	10 minutes
	Exit question: Learners write an SOP of the observed method to demonstrate understanding.

	Learners write simple SOP for the demonstrated method.
Peer review: Review another learner’s SOP. Write at least one improvement on a sticky note and leave it with the teacher.

	

	Other information: (e.g. differentiation, English, Maths and Digital)
Class should be in laboratory.
Maths: Titration calculations, plotting data and balancing half equations.
English: Read RAs, write SOP and peer review of SOP.
Consider overlay / printouts for dyslexic learners. 
Teachers will circulate during individual and group work to answer questions and check understanding. 
Extension activity:  
· Identify standard error and consider improvements to method.


	Next steps in learning 
Lesson prep: Read exam question SOP ‘analysis of sulphates in water’.
In session 13, learners will individually carry out conductometry to determine concentration of sulphates in water using an exam-style assignment and self-mark work. (link to A8.1 and K1.22, S1.69 and S1.75 [version 2.0 June 2023 technical: laboratory science])






	Title: Analysis of Sulphate ions in water

Targeted content reference:
Performance Outcome 1, S1.75, K1.22 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 13 of 14


	Prior learning:
Core science concepts, B1.44 and B2.31

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes
	Introduce scenario. Give out exam-style OSA assignment part 2.

Instruct learners to use the RA and SOP provided in OSA assignment 2, part A to prepare for the activity.

	Learners read the RA and SOP, identify PPE and write results table in lab book.
	Slide deck
OSA assignment 2, part A – assignment brief 2 
OSA mark scheme 2


	60 minutes

	Instruct learners to follow modified SOP to determine sulphate content in water, collecting and using PPE as appropriate.


Circulate to check good practice and that data is recorded correctly. Mark each learner against the OSA mark scheme.

	Task: In pairs, learners collect PPE and equipment, safely and accurately calibrate conductivity meter, and complete conductometric titration according to OSA assignment 2 Part A example 2.

Learners observe each other and critique their technique. For example, they should video each other’s titration.
Learners record results in their lab book.

Learners plot conductivity against titrant volume to determine the concentration of sulphate ions in water.
	

	15 minutes


	Self-assessment: instruct learners to evaluate their practice and their calculation using the OSA mark scheme.

Circulate and compare learner self-evaluation against teacher mark.

	Task: Learners use OSA assignment 2, part 1(b) mark scheme to mark their work using the band descriptor and the indicative content.

Learners write three improvements to the SOP and add this to an evaluation section of their lab book.

	

	5 minutes
	Exit ticket: Ask learners to identify improvements in their practice to improve grade. 
Collect improvements on board.
	On a sticky note, give one improvement that could be made to their practice. Pass it to the teacher.
	

	Other information: (e.g. differentiation, English, Maths and Digital)
Class should be in laboratory.
Opportunity to pair lower ability learners with higher ability learners for peer support.
Maths: Balancing equations, multistep mole calculations and graph plotting.
English: Following SOP and mark scheme. Completing Lab Book.
Consider overlay for dyslexic learners. 
Teachers will circulate during individual and laboratory work to answer questions and check understanding. 
Learners will be working at different grade levels by demonstrating their independence.

	Next steps in learning 
Lesson prep: In lesson 11, learners used an OSA mark scheme to evaluate their practical skills.
In session 14, learners will research automated titration methods, B2.31 [version 2.0 June 2023 technical: laboratory science].










	Title: Automation

Targeted content reference:
Performance Outcome 1, S1.68, K1.22 [version 2.0 June 2023 technical: laboratory science]

Lesson sequence number: 14 of 14


	Prior learning:
Core science concepts, A10.3, B1.44 and B2.31 

	Timing
	Teacher activity
	Learner activity
	Resource

	10 minutes
	Starter: Suggestions for automation of titration


Collect whole class ideas. 

	Learners suggest three methods to automate the various titration techniques they have completed.

Discussion of class ideas.

	Slide deck
A3 paper or other means of presentation
Writing frame for auto-titrator research task


	40 minutes

	Titration research task: Ask learners to work in groups, to research a given titration technique then they will present what they have learnt to the class.

	Task: Groups of learners research one the following methods: Karl Fischer, potentiometric, pH and thermometric.

.
	

	30 minutes
	Class microteach: Presentation of the automated titration techniques. 

5 minutes each, with questioning.
	Task: Pairs of learners present their selected method. Learners observe presentations, ask questions for clarification, and make notes from peer presentations.

	

	10 minutes


	Exit task: Instruct learners to give advantage and disadvantage of titration automation compared with the manual techniques they have completed.

Present findings on board.
	Task: Learners write advantage and disadvantage of titration automation.



Class to reach consensus and correct their notes, if necessary.

	

	Other information: (e.g. differentiation, English, Maths and Digital)
Class should have access to IT.
Opportunity to pair lower ability learners with higher ability learners for peer support. Research writing frame for lower ability learners.
Maths: Using IT.
English: Research skills. Presentation to peers.
Teachers will circulate during paired work to answer questions and check understanding. 
Learners can differentiate depending on level of detail in research.

	Next steps in learning 
Lesson prep: Learners will have carried out acid-base and RedOx titrations and used pH and conductivity meters to analyse a range of sample.
Laboratory automation and information systems will be relevant to further laboratory techniques covered in the T Level. Opportunity to arrange laboratory visit or industrial speaker.




Section 3: Lesson support materials

Following resources are listed per lesson plan.











Lesson 1 resources






Risk assessment template 1
	Name of assessor (date):               
               
	[bookmark: _gjdgxs]Authorised (date):  

	Review date:

	Reviewer:

	Title of activity:


	Who may this harm:    
	
	Method/SOP reference:
	



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity




	Calculation of risk levels:
	1-4= Low risk. Continue to monitor
	5-12= Medium risk. Some additional controls may be required
	15-25= High risk. Review task to reduce risk




	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	 L x S = Risk level
 
	Additional control measures

	Completed 

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	






Risk assessment example 1
	Name of assessor (date):                     D. Analyst (30 Nov 23)
	Authorised (date):  A. Supervisor (31 Nov 23)

	Review date: 30 Nov 24
	Reviewer: A. Supervisor

	Title of activity: Back titration of aspirin

	Who this may harm:    
	Analyst
	Method/SOP reference:
	SOP example 1



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity



	Calculation of risk levels:
	1-4 = Low risk. Continue to monitor.
	5-12 = Medium risk. Some additional controls may be required.
	15-25 = High risk. Review task to reduce risk.





	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	L x S = Risk level
 
	Additional control measures

	Completed 

	Ethanol
	Flammable
Harmful by ingestion
	Avoid naked flames
Goggles
	2
	2
	4
	Limit of 2L in the laboratory, store in a flammables store cupboard
	

	0.1M sulphamic acid
	H315 irritant
H319 eye irritant
H412 aquatic toxicity
	Goggles
Low concentration

	1
	3
	3
	Wash hands, eye-wash station available
Disposal in waste bottle (not to sewer)
	

	0.1M NaOH
	H315 Irritant
	Low concentration
Goggles
	2
	1
	2
	
	

	Water bath
	Scalding
Slip
	Set at 40°C limit
Spill kit / mop available
	1
	1
	1
	
	

	Glassware – broken
	Cuts
	Report damage
First aid kit
	1
	2
	2
	
	

	Phenolphthalein indicator
	Flammable
Irritant
Health (Carcinogen)
	Less than 100cm3
No naked flames
Gloves, goggles
	2
	2
	2
	Wash hands
Eye-wash station available
	

	Aspirin (200mg)
	Harmful
	Goggles, avoid dust – ventilation
	1
	3
	3
	Possible allergic reaction – staff to be made aware of use
	



SOP example 1 

To determine the composition of an acid drug using a standard solution of sodium hydroxide.

Introduction

Drugs are often acidic. Aspirin contains the drug acetyl salicylic acid. Sodium hydroxide (NaOH) reacts with the aspirin according to the equation:

               2NaOH(aq)   +   C6H4(CO2H)O2CCH3 (aq)                   C6H4(CO2Na)OH (aq)  +   C2H3O2Na (aq) + H2O (l)

                                   (aspirin)                                   (sodium salicylate) + (sodium ethanoate)

The alkaline reacts with the acid but also hydrolyses the ester group, with two moles of sodium hydroxide required to neutralise one mole of aspirin. The stoichiometric point or equivalent point is shown using an indicator called phenolphthalein, which is colourless in acid and pink in alkaline solution. However, if left to stand, the pink colour will disappear because the aspirin salt only slowly hydrolyses to sodium salicylate. To ensure that all of the aspirin has reacted fully, a back titration method is used. In a back titration, the drug is completely reacted with a known amount of excess sodium hydroxide. The amount of sodium hydroxide remaining is then determined by titrating with sulphamic acid and the amount of sodium hydroxide used for hydrolysis is calculated.

[bookmark: _heading=h.7bgfxfb5mcd]Procedure
1. Weigh about 0.5g of aspirin into a 150cm3 beaker and dissolve the drug in about 25cm3 ethanol by stirring and heating for 5 minutes at 40°C in a water bath.
2. Filter the solution using a type 1 ashless filter paper and wash with a further 5cm3 of ethanol. Dry and weigh the retained solids and determine the percentage solids content. Retain the solid residue for further testing.
3. Transfer the filtrate quantitatively to a 250cm3 volumetric flask and add 100.00cm3 of standardised 0.1 moldm-3 NaOH using a burette. Warm the solution with swirling in a water bath at 40°C for 5 minutes.
4. Dilute to volume with distilled water. Label the flask with full details of the contents, your name and the date. 
5. Using a pipette filler, rinse the pipette with some hydrolysed aspirin solution and carefully transfer 20.00cm3 of the solution to a clean 250cm3 conical flask. Add phenolphthalein indicator solution, swirl to mix. The solution will turn pink.
6. Titrate with 0.1moldm-3 sulphamic acid solution until the pink colour is cleared. Record the titre volume to the nearest 0.05cm3. This first flask is just a trial run.
7. Using the pipette, transfer 25.00cm3 of the hydrolysed aspirin solution to another clean conical flask.
8. Repeat accurate titrations until you have three concordant results. 

Results table
	Standard
	
	Concentration
	

	
	
	Trial
	1
	2
	3
	4

	Burette readings / cm3
	Final
	
	
	
	
	

	
	Initial
	
	
	
	
	

	Volume used (titre) / cm3
	
	
	
	
	

	Mean titre / cm3
	



25.00cm3 of hydrolysed drug solution required . . . . . . . .. . cm3 of sulphamic acid for neutralisation.

	Mass dry filter paper =                                 g 

	Mass used filter paper =                               g

	Mass residue =                                             g          

	Mass drug sample =                                      g

	% residue =                                             %(w/w)






SOP 1.
Standardisation of sodium hydroxide with sulphamic acid
This procedure has two parts:
Part 1: SOP for the preparation of a standard solution
1. Weigh out the required amount of sulphamic acid standard directly into a 150cm3 beaker. 

2. Carefully add just enough distilled water to dissolve the solid. Stir with a glass rod until the solid is totally dissolved. Add more distilled water if necessary.

3. Transfer the solution to the volumetric flask by carefully running it down the side of the stirring rod and into the filler funnel to avoid any splashing. Rinse the beaker, stirring rod and funnel well, and add washings to the flask. 

4. Add distilled water until the level is within about 2cm of the graduation mark on the neck of the volumetric flask. Insert the stopper securely, hold in place and shake several times. Using the dropping pipette, add enough water to just bring the bottom of the meniscus to the mark as shown in the diagram. Securely insert the stopper again, hold it in place, invert the flask and rotate the air bubble to create a vortex.

5. Label the flask with full details of the contents, your name and the date. 


                                                                                  [image: Diagram of the procedure]
Calculate the amount of standard to weigh out.

	Molar concentration required C
	0.1mol dm−3

	Volume required V / dm3, dm3 = cm3/1,000
	0.025dm3

	Moles required n = CV(dm3)
	0.0025mol

	Molar mass of substance for standard, M
	97.1gmol−1

	Mass of substance for standard, m = nM
	2.428g




Calculating actual concentration of standard solution


	Molar mass of substance for standard, M
	g mol−1

	Actual mass of substance for standard, m 
	g

	Amount of substance for standard n = m/M
	moles

	Volume of solution, V(dm3), dm3 = cm3/1,000
	dm3

	Concentration of solution prepared c = n/V
	mol dm−3






Part 2: To titrate a solution of sodium hydroxide using a standard solution of sulphamic acid.

Introduction

Sodium hydroxide reacts with sulphamic acid according to the equation:

               NaOH (aq)   +   H2NSO3H (aq)                    H2NSO3Na (aq)  +   H2O (l)
  
          	                 (sulphamic acid)                 (sodium sulphamate)
	
The stoichiometric point or equivalent point is shown using an indicator called phenolphthalein which is colourless in acid and pink in alkaline solution. 

[bookmark: _heading=h.w58yald6q0yt]Procedure
1. Rinse a clean burette with sodium hydroxide solution and fill it with the same solution. Record the initial burette reading directly into the “trial” column of the results table provided. Readings should be taken to the nearest 0.05cm3 or the equivalent of one drop. 
2. Using a pipette filler, rinse the pipette with some sulphamic acid solution and carefully transfer 25.00cm3 of the solution to a clean 250cm3 conical flask. Add 2 drops of the phenolphthalein indicator solution, swirl to mix. 
3. Run sodium hydroxide solution slowly from the burette into the flask, which is placed on a white tile, with swirling, until the solution starts to turn pink around the adding point. Then swirl to clear the solution and continue adding 0.5cm3 at a time until the solution stays pink after swirling well. This first flask is just a trial run.
4. Refill the burette, if necessary, with more sodium hydroxide solution, and again record the initial burette reading to the nearest 0.05cm3 (one drop).
5. Using the pipette, transfer 25.00cm3 of the sulphamic acid solution to another clean conical flask.
6. Add the burette solution down to the reading 1cm above the trial reading and then swirl well to clear the solution. Continue adding the acid drop by drop swirling between each drop until you reach the end point. Record your reading.
7. Repeat accurate titrations until you have three concordant results. 




Results table

	Standard
	
	Concentration
	

	
	
	Trial
	1
	2
	3
	4

	Burette readings / cm3
	Final
	
	
	
	
	

	
	Initial
	
	
	
	
	

	Volume used (titre) / cm3
	
	
	
	
	

	Mean titre / cm3
	




25.00cm3 of sulphamic acid solution required . . . . . . . .. . cm3 of sodium hydroxide for neutralisation.


	1. Calculate the number of mols of standard (acid) reacted using n = CV/1,000.
       (mols standard = mols analyte)

	


	2. Calculate the concentration of the analyte (NaOH) in mol dm−3 using C = n/V x 1,000.

	





Exam-style question 1. 

Core knowledge and understanding paper A specimen assessment materials: 2022.

Question 17.

A jewellery design company has ordered some nitric acid to use for etching patterns onto metal necklaces and earrings. They estimate using 100cm3 of the acid a day and currently employ five designers. 

Moderately concentrated nitric acid is corrosive and can cause severe skin burns and eye damage.

Using your knowledge of the Health and Safety Executive’s Five Steps to Risk Assessment, discuss the elements the company will need to consider when carrying out their risk assessment for this chemical and the importance of adhering to the five steps in a workplace. 

Your response should demonstrate reasoned judgements and/or conclusions (9 marks).












The exam board mark scheme is available here: https://www.ncfe.org.uk/media/si1fvwmi/science-core-paper-a-mark-scheme.pdf











Lesson 2 resources






Acid-base questions sheet
Question 1.
Hydrochloric acid reacts with sodium hydroxide.
a) Identify the products.


b) Write a balanced equation for this reaction including state symbols.

Question 2.
If 1.1g of sodium hydroxide is dissolved in 250cm3 of water,
a) what is the relative formula mass of sodium hydroxide?


b) what is the concentration of the solution of sodium hydroxide?


Extension question
If 0.0123 moles of sodium carbonate (Na2CO3) is dissolved in 250cm3 of water,
a) what is the concentration?



b) what mass of sodium carbonate is needed to make this solution?


Titration calculation worksheet
In the following questions, the molar concentration of one solution can be calculated from the results of a titration, in which a sample of the solution is titrated against another standard solution with which it reacts.  
In these simple examples, one solution is an acid and the other a base. The end point or equivalence point is determined from the volume added when the indicator changes colour.
In the method of titration, a sample of one solution is measured out using a pipette and run into a conical flask. A few drops of indicator are added to this, and the other solution is run into it from a burette until the indicator changes colour. The procedure is repeated until concordant results are obtained that agree to ±0.05 cm3.
Worked example using a four-step calculation.
24.50cm3 (V) of a 0.1mol dm-3 (C) solution of sodium hydroxide reacts with 25.00cm3 of hydrochloric acid. Calculate the molar concentration of the hydrochloric acid.
Step 1. Find the number of moles(n) of the standard (known) solution. In this case, sodium hydroxide:
	n = C x V/1,000

	   = 0.1 x 24.50/1,000	   = 2.45x10-3mol

Step 2. Find the molar ratio between the two reactants by writing out the balanced reaction equation:
In this case – NaOH + HCl = NaCl + HCl
This is a 1:1 ratio, so the number of moles of sodium hydroxide = the number of moles of hydrochloric acid.
Step 3. Use the molar ratio to find the number of moles of the unknown solution (in this case hydrochloric acid), using the value from step 1:	
n (HCl) = n (NaOH) = 2.45x10-3mol 
Step 4. Find the concentration of the unknown solution using the value from step 3 and the volume of the unknown solution (usually 25.00cm3):
	C = n/V x 1,000
	    = 2.45x10-3/25 x 1,000    = 0.098moldm-3
Question 1:
23.85 cm3 of a 0.1 mol dm-3 solution of potassium hydroxide reacts with 25.00 cm3 of hydrochloric acid. Calculate the molar concentration of the hydrochloric acid.
Step 1 Find n of standard (potassium hydroxide). n = CxV/1,000

Step 2. Molar ratio

Step 3. Find n of unknown (HCl).

Step 4. Find C of unknown (HCl). C = n/V x 1,000

Question 2.
25.15cm3 of a 0.05mol dm-3 solution of sodium hydroxide reacted with 25.00cm3 of nitric acid. Calculate the molar concentration of the nitric acid.

Question 3.
23.45cm3 of a 0.25mol dm-3 solution of sodium hydroxide reacted with 25.00cm3 of sulphuric acid. Calculate the molar concentration of the sulphuric acid.











Lesson 3 resources



Laboratory book – Template
Date 
Title
Method: Past/imperfect tense, brief (only what is needed to repeat the work). There is no need to copy information that is available elsewhere.
· Include any safety information (including COSHH and risk assessment reference).
· Use diagrams to show experimental setup (diagrams must be 2D).
· Include any batch numbers or strength of chemicals used.
· If the work is following an SOP this can be referenced.
· If work is repeated from an earlier date in this lab book, reference the initial date the method is recorded and include a brief description of any changes made.
Results: Use tables to record data, include observations and calculations.
· Include any readings needed to prepare samples. 
· Include any calibration data or a reference to calibration of equipment.
· If data is recorded electronically include a reference to the data location.
· Tables can include processed (calculated) data and should have a title.
Improvement of method: Note any changes to the method (evaluation).





SOP example 2
SOP to titrate a solution of hydrochloric acid using a standardised solution of sodium hydroxide
Introduction

Sodium hydroxide reacts with hydrochloric acid according to the equation:

               NaOH (aq) + HCl (aq) →  NaCl (aq)  +  H2O (l)

The stoichiometric point or equivalent point is shown using an indicator called methyl orange, which is red in acid and orange in alkaline solution. 

Procedure
1. Using a pipette filler, rinse the pipette with some hydrochloric acid solution and carefully transfer 25.00cm3 of the solution to a clean 250cm3 conical flask. Add 2 drops of the methyl orange indicator solution, swirl to mix.
2. Rinse a clean burette with sodium hydroxide solution and fill it with the same solution. Record the initial burette reading directly into the “trial” column of the results table provided. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop.
3. Run sodium hydroxide solution slowly from the burette into the flask, which is placed on a white tile, with swirling, until the solution starts to turn yellow around the adding point. Then swirl to clear the solution and continue adding 0.5cm3 at a time until the solution stays yellow after swirling well. This first flask is just a trial run.
4. Refill the burette, if necessary, with more sodium hydroxide solution, and again record the initial burette reading to the nearest 0.05cm3 (one drop).
5. Using the pipette, transfer 25.00cm3 of the hydrochloric acid solution to another clean conical flask.
6. Add the burette solution down to the reading 1cm above the trial reading and then swirl well to clear the solution. Continue adding the acid drop by drop swirling between each drop until you reach the end point. Record your reading.
7. Repeat accurate titrations until you have three concordant readings. 



Results table
	Standard
	
	Concentration
	

	
	
	Trial
	1
	2
	3
	4

	Burette readings / cm3
	Final
	
	
	
	
	

	
	Initial
	
	
	
	
	

	Volume used (titre) / cm3
	
	
	
	
	



Calculation

25.00cm3 of citric acid solution required . . . . . . . .. . cm3 of sodium hydroxide for neutralisation.

	1. Calculate the number of mols of NaOH reacted using n = CV/1,000.





	2. Calculate the number moles of hydrochloric acid using the stoichiometric ratio.





	3. Calculate the concentration of the analyte (hydrochloric acid) in mol dm−3 using C = n/V x 1,000.









Risk assessment example 2
	Name of assessor (date):       D. Analyst (27 Feb 24)
	Authorised (date):  A. Supervisor (28 Feb 24)

	Review date: 28 Feb 28
	Reviewer: A. Supervisor

	Title of activity: Procedure to titrate a solution of hydrochloric acid using a standardised solution of sodium hydroxide

	Who this may harm:    
	Analyst
	Method/SOP reference:
	SOP example 2



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity



	Calculation of risk levels:
	1-4 = Low risk. Continue to monitor.
	5-12 = Medium risk. Some additional controls may be required.
	15-25 = High risk. Review task to reduce risk.





	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	L x S = Risk level
 
	Additional control measures

	Completed 

	0.1M HCl
	H315 irritant

	Goggles
Low concentration

	2
	1
	2
	Wash hands, eye-wash station available
	

	0.1M NaOH
	H315 irritant

	Low concentration
Goggles
	2
	1
	2
	Wash hands, eye-wash station available
	

	Glassware – broken
	Cuts
	Report damage
First aid kit
	1
	2
	2
	
	

	Phenolphthalein indicator
	Flammable
Irritant
Health (Carcinogen)
	Less than 100mL
No naked flames
Gloves, goggles
	2
	2
	2
	Wash hands,
eye-wash station available
	

















Lesson 4 resources



WFCG scenario
WFCG is a consumer health company. One of its most popular products is health supplements. WFCG staff carry out quantitative analysis (assay) when developing their health care products. There is an analytical testing department whose role is to determine the content of active ingredients in product development samples. To do this, they need to ensure that all standards are accurate, so they need to make standardised solutions to check that accuracy.
Over the next three lessons, you will learn the process to be followed to create a standardised solution for checking one of their products.


Risk assessment: Preparation of a standard solution of sulphamic acid
	Name of assessor (date):                     D. Analyst (21 Feb 24)
	Authorised (date):  A. Supervisor (22 Feb 24)

	Review date: 22 Feb 25 
	Reviewer: D Analyst

	Title of activity: Preparation of a standard solution of sulphamic acid

	Who this may harm:    
	Analyst
	Method/SOP reference:
	SOP 1



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity



	Calculation of risk levels:
	1-4 = Low risk. Continue to monitor.
	5-12 = Medium risk. Some additional controls may be required.
	15-25 = High risk. Review task to reduce risk.





	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	L x S = Risk level
 
	Additional control measures

	Completed 

	sulphamic acid
	H315 irritant
H319 eye irritant
H412 aquatic toxicity
	Goggles

	1
	3
	3
	Wash hands, eye-wash station available
Disposal by spill kit
	

	0.1 M sulphamic acid
	H315 irritant
H319 eye irritant
H412 aquatic toxicity
	Goggles
Low concentration

	1
	2
	2
	Wash hands, eye-wash station available
Disposal in waste bottle (not to sewer)
	

	Glassware – broken
	Cuts
	Report damage
First aid kit
	1
	2
	2
	No lone working, First aider available
	




Mole calculations
Question 1.
a) What is the relative formula mass of sodium hydrogen carbonate?


b) What is the mass of 0.25moles of sodium hydrogen carbonate?


c) How many moles in 2.635g of sodium hydrogen carbonate?


Question 2.
If 1.1g of sodium hydrogen carbonate is dissolved in 250cm3 of water,
a) how many moles are dissolved?


b) what is the concentration of the solution of sodium hydrogen carbonate?


Extension question 3.
If a solution of sodium hydrogen carbonate has a concentration of 0.1 moldm-3,
a) what mass of sodium hydrogen carbonate is required to make 250cm3 of this solution?


b) If the solution is diluted with a further 750cm3 of water, what is the concentration?
Card sort
Making a standard solution – card sort activity. Each group gets one column: Five statements in each column, one with a blank.
	1. Tare balance, check boat weight and add standard.
2. Weigh full boat. 
3. Add the standard to the beaker and reweigh the empty boat.
	
	1. Tare balance, check boat weight and add standard.
2. Weigh full boat. 
3. Add the standard to the beaker and reweigh the empty boat.
	1. Tare balance, check boat weight and add standard.
2. Weigh full boat. 
3. Add the standard to the beaker and reweigh the empty boat.
	1. Tare balance, check boat weight and add standard.
2. Weigh full boat. 
3. Add the standard to the beaker and reweigh the empty boat.

	Add water to the beaker and stir to dissolve the standard.
	Add water to the beaker and stir to dissolve the standard.
	
	Add water to the beaker and stir to dissolve the standard.
	Add water to the beaker and stir to dissolve the standard.

	Add a funnel to the volumetric flask, pour in the standard, rinse the beaker and the stirring rod into the volumetric flask and remove the funnel.
	Add a funnel to the volumetric flask, pour in the standard, rinse the beaker and the stirring rod into the volumetric flask and remove the funnel.
	Add a funnel to the volumetric flask, pour in the standard, rinse the beaker and the stirring rod into the volumetric flask and remove the funnel.
	
	Add a funnel to the volumetric flask, pour in the standard, rinse the beaker and the stirring rod into the volumetric flask and remove the funnel.

	1. Add water to the volumetric flask to under the neck. 
2. Add a stopper and mix by inverting.
	1. Add water to the volumetric flask to under the neck. 
2. Add a stopper and mix by inverting.
	1. Add water to the volumetric flask to under the neck. 
2. Add a stopper and mix by inverting.
	1. Add water to the volumetric flask to under the neck. 
2. Add a stopper and mix by inverting.
	

	
	Add water with a dropping pipette to the meniscus. The bottom of the meniscus will rest on the fill line. Stopper and mix.
	Add water with a dropping pipette to the meniscus. The bottom of the meniscus will rest on the fill line. Stopper and mix.
	Add water with a dropping pipette to the meniscus. The bottom of the meniscus will rest on the fill line. Stopper and mix.
	Add water with a dropping pipette to the meniscus. The bottom of the meniscus will rest on the fill line. Stopper and mix.



SOP 1
1 SOP for the preparation of a standard solution
Procedure

1. Weigh out the required amount of sulphamic acid standard directly into a 150cm3 beaker. 

2. Carefully add just enough distilled water to dissolve the solid. Stir with a glass rod until the solid is totally dissolved. Add more distilled water if necessary.

3. Transfer the solution to the volumetric flask by carefully running it down the side of the stirring rod and into the filler funnel to avoid any splashing. Rinse the beaker, stirring rod and funnel well, and add washings to the flask. 

4. Add distilled water until the level is within about 2cm of the graduation mark on the neck of the volumetric flask. Insert the stopper securely, hold in place and shake several times. Using the dropping pipette, add enough water to just bring the bottom of the meniscus to the mark as shown in the diagram. Securely insert the stopper again, hold in place, invert flask, and shake thoroughly.

5. Label the flask with full details of the contents, your name and the date. 

Calculating amount to weigh out.
	Molar concentration required C
	0.1mol dm−3

	Volume required V / dm3, dm3 = cm3/1,000
	0.025dm3

	Moles required n = CV(dm3)
	0.0025mol

	Molar mass of substance for standard, M
	97.1g mol−1

	Mass of substance for standard, m = nM
	2.428g



Calculating Actual Concentration of Standard Solution

	Molar mass of substance for standard, M
	          g mol−1

	Actual mass of substance for standard, m 
	g

	Amount of substance for standard n = m/M
	   moles

	Volume of solution, V(dm3), dm3 = cm3/1,000
	  dm3

	Concentration of solution prepared c = n/V
	          mol dm−3












Lesson 5 resources



Titration calculation sheet

Calculate the concentration of hydrochloric acid from the following titration:
25.00cm3 of hydrochloric acid with unknown concentration was titrated against a 0.100moldm-3 solution of sodium hydroxide. The titre volumes are given in the table below.



	Volume, cm3
	Trial
	1
	2

	Final
	24.85
	25.10
	25.70

	Initial
	0.00
	0.30
	1.00

	Titre
	24.85
	24.80
	24.70




















Risk assessment standardisation
	Name of assessor (date):                     D. Analyst (27 Feb 24)
	Authorised (date):  A. Supervisor (28 Feb 24)

	Review date: 28 Feb 28
	Reviewer: A. Supervisor

	Title of activity: Standardisation of sodium hydroxide with sulphamic acid

	Who this may harm:    
	Analyst
	Method/SOP reference:
	SOP 2



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity



	Calculation of risk levels:
	1-4 = Low risk. Continue to monitor.
	5-12 = Medium risk. Some additional controls may be required.
	15-25 = High risk. Review task to reduce risk.





	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	L x S = Risk level
 
	Additional control measures

	Completed 

	0.1M sulphamic acid
	H315 irritant
H319 eye irritant
H412 aquatic toxicity
	Goggles
Low concentration

	1
	3
	3
	Wash hands, eye-wash station available
Disposal in waste bottle (not to sewer)
	

	0.1M NaOH
	H315 irritant

	Low concentration
Goggles
	2
	1
	2
	
	

	Glassware – broken
	Cuts
	Report damage
First aid kit
	1
	2
	2
	
	

	Phenolphthalein indicator
	Flammable
Irritant
Health (Carcinogen)
	Less than 100mL
No naked flames
Gloves, goggles
	2
	2
	2
	Wash hands
Eye-wash station available
	







SOP 2
Introduction

Sodium hydroxide reacts with sulphamic acid according to the equation:

               NaOH (aq)   +   H2NSO3H (aq)                    H2NSO3Na (aq)   +   H2O (l)

The stoichiometric point or equivalent point is shown using an indicator called phenolphthalein, which is colourless in acid and pink in alkaline solution. 

Procedure
1. Rinse a clean burette with sodium hydroxide solution and fill it with the same solution. Record the initial burette reading directly into the “trial” column of the results table provided. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop. 
2. Using a pipette filler, rinse the pipette with some sulphamic acid solution and carefully transfer 25.00cm3 of the solution to a clean 250cm3 conical flask. Add 2 drops of the phenolphthalein indicator solution, swirl to mix. 
3. Run sodium hydroxide solution slowly from the burette into the flask, which is placed on a white tile, with swirling, until the solution starts to turn pink around the adding point. Then swirl to clear the solution and continue adding 0.5cm3 at a time until the solution stays pink after swirling well. This first flask is just a trial run.
4. Refill the burette, if necessary, with more sodium hydroxide solution, and again record the initial burette reading to the nearest 0.05cm3 (one drop).
5. Using the pipette, transfer 25.00cm3 of the sulphamic acid solution to another clean conical flask.
6. Add the burette solution down to the reading 1cm above the trial reading and then swirl well to clear the solution. Continue adding the acid drop by drop swirling between each drop until you reach the end point. Record your reading. Repeat accurate titrations until you have concordant results. 





Results table

	Standard…………………………………………Concentration………………………….

	
	
	Trial
	1
	2
	3
	4

	Burette readings / cm3
	Final
	
	
	
	
	

	
	Initial
	
	
	
	
	

	Volume used (titre) / cm3
	
	
	
	
	



The mean concordant titre volume is . . . . . . . .. . cm3 of sodium hydroxide for neutralisation.


	1. Calculate the number of mols of NaOH reacted using n = CV/1,000.





	2. The equation of the reaction is.




	3. Calculate the number moles of hydrochloric acid using the stoichiometric ratio.





	     4.    Calculate the concentration of the analyte (hydrochloric acid) in mol dm−3 using 
                                                                 C = n/V x 1,000.











Evaluation
1. Identify any differences between the concentration calculated from the concordant titre volume in this investigation and the values recorded by other analysts.



2. Calculate the total percentage error for the investigation. The total percentage error is the sum of the percentage error for each step in the process. Use:
Percentage error = standard error/value x 100
You need to include the error for each step in SOP 1 Making a standard and SOP 2 standardisation.
The standard error for each piece of equipment is the smallest measurement that can be recorded (precision) and is usually listed on glassware and can be taken as the smallest reading on a balance (unless otherwise noted).









Lesson 6 resources






Starter question
An acid-base titration is risk assessed. The RA determines that the calculated level for 4moldm-3 sulphuric acid is 9 (likelihood = 3 x severity = 3).
c) Identify two ways that the analyst can reduce the risk level to an acceptable level.






d) Why must the RA be reviewed every year?












Risk assessment SOP 3
	Name of assessor (date):                              D. Analyst (30 Nov 23)
	Authorised (date):  A. Supervisor (31 Nov 23)

	Review date: 30 Nov 24
	Reviewer: A. Supervisor

	Title of activity: Procedure to titrate a solution of citric acid using a standardised solution of sodium hydroxide

	Who this may harm:    
	Analyst
	Method/SOP reference:
	SOP 3



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity



	Calculation of risk levels:
	1-4 = Low risk. Continue to monitor.
	5-12 = Medium risk. Some additional controls may be required.
	15-25 = High risk. Review task to reduce risk.




	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	L x S = Risk level
 
	Additional control measures

	Completed 

	Citric acid cleaner
	
	
	
	
	
	
	

	Dilute citric acid
	
	
	
	
	
	
	

	[bookmark: _Hlk162948009]0.1M NaOH
	H315 Irritant
	Low concentration
Goggles
	2
	1
	2
	
	

	Glassware – broken
	Cuts
	Report damage
First aid kit
	1
	2
	2
	
	

	Phenolphthalein indicator
	Flammable
Irritant
Health (Carcinogen)
	Less than 100cm3
No naked flames
Gloves, goggles
	2
	2
	2
	Wash hands
Eye-wash station available
	













SOP 3. 

SOP to titrate a solution of citric acid using a standardised solution of sodium hydroxide

Introduction

Citric acid is a carboxylic acid with a pH of about 2.2. It is commonly used in food products as a preservative but is also commonly used as the main ingredient for descaler powder as it reacts with the carbonate salts in scale. Sodium hydroxide reacts with citric acid according to the equation:

                                              3 NaOH (aq)  +  H3C6H5O7 (aq) →  Na3C6H5O7 (aq)  +  3 H2O (l)

The stoichiometric point or equivalent point is shown using an indicator called phenolphthalein, which is colourless in acid and pink in alkaline solution. 

Procedure
The citric acid solution has been prepared from a descaler product with a nominal concentration of 64gdm-3. This should provide a concentration of 0.33moldm-3.

Dilute the descaler solution. Using a pipette filler, rinse the pipette with some citric acid solution and carefully transfer 25.00cm3 of the solution to a clean 250cm3 volumetric flask. Dilute with distilled water to just below the fill line, stopper and mix by rotating the air bubble to create a vortex. Dilute to volume with distilled water.

Using a pipette filler, rinse the pipette with some citric acid solution and carefully transfer 25.00cm3 of the solution to a clean 250cm3 conical flask. Add 2 drops of the phenolphthalein indicator solution, swirl to mix.

Rinse a clean burette with sodium hydroxide solution and fill it with the same solution. Record the initial burette reading directly into the “trial” column of the results table provided. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop.

Run sodium hydroxide solution slowly from the burette into the flask, which is placed on a white tile, with swirling, until the solution starts to turn pink around the adding point. Then swirl to clear solution and continue adding 0.5cm3 at a time until solution stays pink after swirling well. This first flask is just a trial run.

Refill the burette, if necessary, with more sodium hydroxide solution, and again record the initial burette reading to the nearest 0.05cm3 (one drop).

Using the pipette, transfer 25.00cm3 of the citric acid solution to another clean conical flask.

Add the burette solution down to the reading 1cm above the trial reading and then swirl well to clear the solution. Continue adding the acid drop by drop swirling between each drop until you reach the end point. Record your reading.

Repeat accurate titrations until you have three concordant results. 







Plenary exam-style question
Ammonia solution acts as a weak base. An analyst carries out a titration to determine the concentration of ammonia in cleaning fluid.

1. Outline the steps of the acid-base titration that would determine the concentration of ammonia. (4 marks)




2. Identify two safety precautions that the analyst should follow. (2 marks)











Plenary exam-style questions mark scheme

1. i. Clean glassware with distilled water and solution (distilled water only for conical flask).
ii. Pipette 25.00cm3 of ammonia into a conical flask and add three drops of appropriate indicator (e.g. methyl orange).
iii. Fill a burette with acid and note start volume. Run acid with known concentration (e.g. HCl) from burette until colour change (e.g. yellow to pink) and note end volume. 
iv. Repeat steps i to iii using dropwise addition near end point until concordant data achieved.

2. Two from: wear goggles/eye protection, lab coat, gloves; fill the burette on the stand and with a funnel; use a safety filler with the volumetric pipette.
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Starter activity 
Determination of indicator for acid-base reactions
Using the attached list of indicator colour changes determine the correct indicator to use for each of the given acid-base reactions.
[image: pH Indicator Chart]
Titration 1. 0.1moldm-3 hydrochloric acid (pH 1) and 0.1moldm-3 sodium hydroxide (pH 13).

Titration 2. 0.2moldm-3 nitric acid (pH 0.7) and 0.25moldm-3 ammonia solution (pH 9.5).

Titration 3. 0.1moldm-3 ethanoic acid (pH 2.9) and 0.05moldm-3 sodium carbonate (pH 11.6).

pH curves
Monitoring pH with addition of a titrant allows a graph of pH against volume added to be plotted.
Depending on the strength of acid and base, the shape of the curve can change.

1. Strong acid and base:
[image: A graph on a white paper

Description automatically generated]

2. Strong acid and weak base:
[image: A graph on a white paper

Description automatically generated]

3. Weak acid and strong base:

[image: A graph on a white paper

Description automatically generated]

4. Weak base and weak acid:

[image: A graph on a white board

Description automatically generated]




The pH meter

[image: Diagram]

The pH meter

[image: Diagram with labels]
Plot a pH graph.

A solution of sodium hydroxide with a concentration of 0.105moldm-3 was titrated against 25.00cm3 of a solution of hydrochloric acid with unknown concentration. 

1. Using the data given plot a graph of pH against volume of sodium hydroxide added.

2. Determine the volume of sodium hydroxide added at the equivalence point and using this as the titre volume determine the concentration of the hydrochloric acid solution.

	Vol, cm3
	pH

	0.0
	1.4

	5.0
	1.6

	10.0
	1.7

	15.0
	1.8

	17.0
	2.1

	18.0
	2.2

	19.0
	2.3

	20.0
	2.4

	21.0
	2.6

	22.0
	2.8

	22.5
	3.0

	23.5
	3.6

	24.0
	5.7

	24.3
	6.4

	24.5
	7.0

	24.7
	9.3

	25.2
	10.6

	26.2
	11.6

	31.2
	12.5

	36.2
	12.7
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Scenario 
WFCG is a consumer product company supply food and drink products. One of its most popular brands is malt vinegar. WFCG staff carry out quantitative analysis (assay) of each batch of their product before it is dispatched from the factory. There is a quality control laboratory whose role is to determine the content of active ingredients in the finished product. They also carry out testing of the raw ingredients to ensure the accuracy of the process.
As an analytical technician, you will carry out quantitative testing of ethanoic acid using a standard process to determine the concentration of the acid.

SOP 4
SOP to titrate a solution of ethanoic acid with a standardised solution of sodium hydroxide using a pH meter.

Introduction
Ethanoic acid is a carboxylic acid and is the main component of vinegar. Vinegar has an average pH of about 2.5. It is commonly used in food products as a preservative. Sodium hydroxide reacts with ethanoic acid according to the equation:

                NaOH (aq)  +  C2H4O2 (aq) →  NaC2H3O2 (aq)  +  H2O (l)

The stoichiometric point or equivalent point is a ratio of 1:1. As ethanoic acid is a weak acid the pH changes gradually and an indicator is not appropriate. The reaction can be followed using a pH meter.

Procedure
The ethanoic acid solution is a distilled vinegar product with a nominal concentration of 1.0moldm-3. The solution is first diluted by a factor of ten to make a 0.1moldm-3 solution.
Using a pipette filler, rinse the pipette with some ethanoic acid solution and carefully transfer 25.00cm3 of the solution to a clean 250cm3 volumetric flask. Add distilled water until the level is just below the flask neck, swirl to mix by rotating the air bubble to create a vortex. Dilute to volume with distilled water.
Calibrate a pH meter by rinsing the probe with distilled water and standing the probe in 4.00 pH buffer to check the reading, check with pH 9.22 buffer solution.
Using a pipette filler, rinse the pipette with some of the diluted ethanoic acid solution and carefully transfer 25.00cm3 of the solution to a clean 100cm3 beaker. Place the beaker onto a magnetic stirrer and add a magnetic stirring bar. Clamp a calibrated pH meter in the solution and use the stirrer to mix gently. Record the initial pH in your results table.
Rinse a clean burette with sodium hydroxide solution and fill it with the same solution. Note the initial burette reading as this will be your zero-volume reading. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop. 
Run about 5cm3 sodium hydroxide solution slowly from the burette into the beaker, with mixing, and record the pH. Add a further 5cm3 of sodium hydroxide and record this third pH.
Add sodium hydroxide solution in 2.00cm3 portions, recording pH each time, until the pH starts to rise significantly.
Add sodium hydroxide in 1.00cm3 portions, recording pH each time, until the pH is above 10. Add further 2.00cm3 portions of sodium hydroxide until the pH is stable then add one further 5.00cm3 portion of sodium hydroxide and record the pH.
Plot a graph of pH against the volume of sodium hydroxide added to determine the volume of sodium hydroxide added at the equivalence point (this is your titre volume).
Repeat the titration such that portions of 0.50cm3 of sodium hydroxide are added as the pH changes rapidly to give a more precise volume at the equivalence point.



Risk assessment template 1
	Name of assessor (date):               
               
	Authorised (date):  

	Review date:

	Reviewer:

	Title of activity:


	Who may this harm:    
	
	Method/SOP reference:
	



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity




	Calculation of risk levels:
	1-4= Low risk. Continue to monitor
	5-12= Medium risk. Some additional controls may be required
	15-25= High risk. Review task to reduce risk




	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	 L x S = Risk level
 
	Additional control measures

	Completed 

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	





RA SOP 4
	Name of assessor (date):       D. Analyst (27 Feb 24)
	Authorised (date):  A. Supervisor (28 Feb 24)

	Review date: 28 Feb 28
	Reviewer: A. Supervisor

	Title of activity: Procedure to titrate a solution of ethanoic acid with a standardised solution of sodium hydroxide using a pH meter.
Introduction

	Who this may harm:    
	Analyst
	Method/SOP reference:
	SOP 4



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity



	Calculation of risk levels:
	1-4 = Low risk. Continue to monitor.
	5-12 = Medium risk. Some additional controls may be required.
	15-25 = High risk. Review task to reduce risk.



	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	L x S = Risk level
 
	Additional control measures

	Completed 

	pH 4.0 buffer (1,2 benzendicarboxylic acid monopotassium salt) solution
	No hazard
	Googles,

	2
	1
	2
	Wash hands
	

	pH 9.2 buffer (disodium tetraborate/sodium chloride) solution
	Dangerous
H360FD harm to unborn children by ingestion
	Goggles, gloves (black nitrile)
Low concentration

	2
	2
	4
	Wash hands, eye-wash station available
	

	0.1M NaOH
	H315 Irritant
	Low concentration
Goggles
	2
	1
	2
	Wash hands, eye-wash station available
	

	1M ethanoic acid
	H315 Irritant
	Low concentration
Goggles
	2
	2
	4
	Wash hands, eye-wash station available
	

	0.1M ethanoic acid
	Low hazard
	Low concentration
Goggles
	2
	1
	2
	Wash hands, eye-wash station available
	

	Glassware – broken
	Cuts
	Report damage
First aid kit
	1
	2
	2
	Report breakages, clear up with dustpan and brush
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RedOx starter
Question 1.
Copper (II) chloride reacts with zinc to form zinc (II) chloride and copper.
a) Write a balanced symbol equation with symbols.


b) Identify the oxidation state of each of the reacting species.


c) Write half equations for the oxidation and the reduction process in the reaction.

Question 2.
Carbon burns in oxygen to form carbon dioxide.
a) Write a balanced symbol equation with symbols and identify the oxidation state of each of the reacting species.


b) Write half equations for the oxidation and the reduction process in the reaction.

Extension question
The first step in the rust formation of iron with oxygen and water is the formation of iron (III) hydroxide with oxygen and water.
a) Write half equations for the oxidation and the reduction process in the reaction.

b) Balance the number of electrons in each half equation to construct a balanced symbol equation for the formation of iron (III) hydroxide.

RedOx exercise sheet
1.	Give the oxidation numbers of nitrogen in the following species:
		NO2,  		 N2,   		HNO3,   	N2O   		

2.	Give the oxidation numbers of phosphorus in the following species:
		PH3,    	P2O3,   	P4,   	  	 PO43-

3.	Calculate the oxidation numbers and write half equations for the following RedOx reactions.

	(a)	I2   +   Sn2+   2I-+  Sn4+


	(b)	Cl2   +   2NaBr   2NaCl+ Br2


	(c)	Fe2O3 +  3CO  2Fe  + 3CO2


	(extension)	S2O32- +  2H+ S + SO2   +  H2O






SOP example 3
SOP to titrate a solution of iodine with a standardised solution of sodium thiosulphate.

Introduction
Iodine is stabilised in solution by adding potassium iodide. Over time, the iodine solution may lose iodine if insufficient potassium iodide is used. In this titration, the iodine in solution is acidified then titrated against a standard solution of sodium thiosulphate, which reacts with iodine according to the equation:
           					     2S2O32- (aq)  +  I2 (aq) →  S4O62- (aq)  +  2I- (l)

The titre volume can be determined by adding starch solution just prior to the end point when the solution is a cloudy pale yellow. The starch stabilised the iodine as solid particles and a strong blue-black colour is observed. The end point of the reaction is when the iodine is fully consumed and the blue-black colour disappears. An indicator is not required. 

Procedure
The iodine solution is a mixture of potassium iodate, acid and potassium iodide with a nominal concentration of 0.06moldm-3.
Using a pipette filler, rinse the pipette with some iodine solution and carefully transfer 25.00cm3 of the solution to a clean 250cm3 conical flask.
Rinse a clean burette with sodium thiosulphate solution and fill it with the same solution. Note the initial burette reading as this will be your zero-volume reading. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop. 
Run about 5cm3 sodium hydroxide solution slowly from the burette into the conical flask, while swirling. 
Add further sodium thiosulphate solution in 1cm3 portions, with swirling, until the colour of the solution is pale yellow.
Add a few drops of starch solution and swirl to mix. The solution will become blue-black in colour.
Add sodium thiosulphate dropwise, with swirling, until the blue-black colour changes to colourless (expect a cloudy grey/white) and record the final volume.
Repeat the titration such that portions of 0.5cm3 of sodium hydroxide are added as the pH changes rapidly to give a more precise volume at the equivalence point.
Repeat accurate titrations until you have three concordant readings. 


RA SOP example 3
	Name of assessor (date):       D. Analyst (27 Feb 24)
	Authorised (date):  A. Supervisor (28 Feb 24)

	Review date: 28 Feb 28
	Reviewer: A. Supervisor

	Title of activity: Procedure to titrate a solution of iodine with a standardised solution of sodium thiosulphate

	Who this may harm:    
	Analyst
	Method/SOP reference:
	SOP Example 3



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity



	Calculation of risk levels:
	1-4 = Low risk. Continue to monitor.
	5-12 = Medium risk. Some additional controls may be required.
	15-25 = High risk. Review task to reduce risk.





	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	L x S = Risk level
 
	Additional control measures

	Completed 

	0.06 M iodine solution
	Harmful by inhalation
	Googles
Store in fume cupboard
	2
	2
	4
	Ensure good ventilation
	

	0.1 M sodium thiosulphate
	H315 irritant

	Goggles
Low concentration

	2
	1
	2
	Wash hands, eye-wash station available
	

	1% (w/w) starch solution
	Low hazard
	Goggles
	1
	1
	1
	Wash hands
	

	Glassware – broken
	Cuts
	Report damage
First aid kit
	1
	2
	2
	Report breakages, clear up with dustpan and brush
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Scenario

WFCG is a consumer healthcare company that supplies health supplements. One of its most popular brands is iron tablets. WFCG staff carry out quantitative analysis (assay) of each batch of their product before it is dispatched from the factory. There is a quality control laboratory whose role is to determine the content of active ingredients in the finished product. They also carry out testing of the raw ingredients to ensure the accuracy of the process.

As an analytical technician, you will carry out quantitative analysis (assay) of iron in iron sulphate tablets using a standard process to determine the iron in each tablet.

Starter questions

1.		Mg(s)   +   Pb(NO3)2(aq)   →   Mg(NO3)2(aq)   +   Pb(s)  


2.		2HCl(aq)  +  Mg(s)  →   MgCl2(aq)  +  H2 (s)	  


3.		3CuO(s)  +  2NH3(g)  →   3Cu(s)  +  3H2O(g)  +  N2(g) 






Method 5
Calculate the percentage by mass of iron in iron sulphate tablets.

Iron is essential to the human body – it is the central metal in haemoglobin, the oxygen-carrying agent in your blood. 
One form of iron tablets consist mainly of iron (II) sulphate-7-water or FeSO4.7H2O in various binding agents and sweeteners. The iron tablets have a nominal iron content of 65mg from an iron sulphate content of about 200mg in a total tablet mass of about 1.0g.

To calculate the percentage of iron in iron(II)sulphate-7-water, the salt will be titrated with potassium manganate (VII). The Fe2+ in FeSO4.7H2O is oxidised by manganese in the MnO4- ion to Fe3+. The manganese is reduced to Mn2+.
 
Procedure

1. Crush 5 iron tablets in a pestle and mortar and weigh the crushed tablets into a 150cm3 beaker.

2. Add 100cm3 of 1.5 moldm-3 sulphuric acid and stir to dissolve. Filter the dissolved iron into a 250cm3 volumetric flask and dilute to volume with distilled water.

3. Pipette 25.00cm3 of the acidified iron solution into a conical flask.

4. Fill a clean burette with 0.005moldm-3 potassium manganate(VII) solution.

5. Titrate the acidified iron sulphate solution with 0.005moldm-3 potassium manganate(VII) solution  from the burette. The solutions are self-indicating, the end point is a pale pink colour. Note that the pale pink colour will fade over time.

5. Repeat the titration until you record at least two further concordant titre volumes.


Calculation

Write the reduction and oxidation half equation reactions and use these to balance the ionic equation. 
Calculate the moles of Fe2+ in acidified solution from your titre volume and the stoichiometric ratio. 
Calculate the mass of iron for each tablet.



Exam-style question
Exam-style question. 
Based on Occupational Specialism Assessment (OSA) Assignment 3. 
Task 3: identification of causes

Identify factors that could cause data errors in measurements made during the RedOx titration.
Justify which factors are likely to cause the data errors measured.
Use the data recorded, as well as your own knowledge, to help you.
(8 marks)










Exam-style question mark scheme

Task 3: identification of causes

	Mark 
	Descriptor 

	7–8 
	The student has identified all potential causes (sources) of error, providing a comprehensive justification for each cause (source). 

	5–6 
	The student has identified most potential causes (sources) of error, providing a logical explanation for each cause (source). 

	3–4 
	The student has identified some potential causes (sources) of error, providing a relevant description of each cause (source). 

	1–2 
	The student has listed few potential causes (sources) of error. 

	0 
	No creditworthy material 



Indicative content

	Source of error 
	Justification 

	Volumes not recorded properly, for example: 
· not recording at base of meniscus
· parallax error.

	Likely to be significant because recording at top of meniscus will underestimate volume and not reading level with meniscus may overestimate or underestimate volume.

	Cleaning glassware, for example:
· conical flask with distilled water
· pipette with water followed by acidified iron solution
· volumetric flask with water
· burette with water followed by permanganate solution. 
	Likely to be significant as water droplets in burette or pipette will dilute standard solution or sample.
Poor cleaning of conical flask may leave permanganate residue that would partially react with sample.

	Concentration of permanganate solution.
	The standard permanganate solution concentration is only quoted to one significant figure. This gives a standard error of 10% (0.0005moldm-3).

	Inaccurate end point of titration.
	Likely to be significant for reproducibility between analysts as colour change (purple to pale pink) is subjective. Good practice requires concordant data to be used so repeatability should be high.

	Correct method of use not followed, for example, standard operating procedure (SOP) is not followed. 
	Unlikely because there is reference to a standard operating procedure (SOP). 

	Contamination of sample or standard solutions. 
	Unlikely because these are laboratory grade reagents. It is important to record batch number and shelf-life data in the laboratory records. 

	Storage of sample leading to degradation. 
	Possible if permanganate solution or acid solutions have long shelf-life. It is good practice to use freshly prepared, standardised solutions and give solutions a batch number, made on and shelf-life date. 

	Inaccurate equipment with high standard error.
	Small significance – accurate quantitative glassware and three decimal point balance used. Expected error for each step will be less than 0.2%.
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OSA assignment 2, part A – assignment brief 1
T Level in Science, Occupational Specialism Assessment (OSA) – Laboratory sciences 
Assignment brief 
Assignment 2, part A 

Scenario 
A consumer food products company produces fruit juices from concentrate. During the manufacturing process, the juice is pasteurised at 70°C. At high temperature, ascorbic acid (vitamin C) can break down. Each batch of the product is tested to ensure that the content of vitamin C remains above a threshold level. 

The vitamin C content in the fruit juice can be titrated directly against a blue dye, 2,6-dichlorophenolindophenol (DCPIP), that has been standardised against ascorbic acid. 

Task 1 
You have one hour to complete tasks 1(a) and 1 (b). 
1(a): Carry out a titration to determine the vitamin C content in a samples of fruit juice provided following the SOP and the safety information provided. During this activity, you will be observed by an assessor to make judgements on your practice. (23 marks) 
1(b): Record your results in a suitable table and carry out any necessary calculations. (12 marks)

Experimental practical 
Introduction 
Vitamin C is the carboxylic acid ascorbic acid. It is found in food products such as fruit juice and green vegetables. Vitamin C content can be determined quantitatively using the blue dye DCPIP, which is oxidised by ascorbic acid to a colourless solution.
The vitamin C content in foods can be determined by titration against DCPIP that has been standardised against a standard solution of ascorbic acid. 



Risk assessment
	Substance, equipment or procedure
	Hazard 
	Risk 
	Control(s)

	0.1% (w/v) ascorbic acid solution
	Low
	No hazard symbol required
No hazard specified
	Wear eye protection and protective gloves Dispose of waste or spillages as advised

	0.1% (w/v) DCPIP solution 
	Low
	No hazard symbol required 
No hazard specified
	Wear eye protection and protective gloves Dispose of waste or spillages as advised

	Filling of burette 
	Low 
	Risk of spills and splashes 
	Wear eye protection
Follow good practice for filling burettes


Procedure 
1. Standardisation with vitamin C solution
1. The ascorbic acid solution has been prepared as a 0.1 %(w/v) solution. This should provide a concentration of 1.0mgcm-3.
1. Using a pipette filler, rinse the graduated pipette with 0.1 %(w/v) DCPIP solution and carefully transfer 1.0cm3 of the solution to a clean test tube. 
1. Rinse a clean 10cm3 burette with ascorbic acid solution and fill it with the same solution. Record the initial burette reading in the results table provided. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop.
1. Run the ascorbic acid solution slowly drop by drop from the burette into the test tube, ensuring to mix the solution with gentle swirling, until the solution decolourises and record the final volume.
1. Refill the burette, if necessary, with more ascorbic acid solution, and repeat the procedure from step 2, reading to the nearest 0.05cm3 (one drop).
1. Using the average volume calculate the mass of ascorbic acid that is required to decolourise 1.0 cm3 of DCPIP.
B. Vitamin C content in fruit juice
1. Using a pipette filler, rinse the graduated pipette with 0.1 %(w/v) DCPIP solution and carefully transfer 1.0cm3 of the solution to a clean test tube.
1. Rinse a clean 10cm3 burette with fruit juice solution and fill it with the same solution. Record the initial burette reading in the results table provided. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop.
1. Run the fruit juice solution slowly drop by drop from the burette into the test tube, ensuring to mix the solution with gentle swirling, until the solution decolourises and record the final volume.
1. Repeat accurate titrations to record at least two more concordant results.
1. Calculate the vitamin C content of the fruit juice using the standardised ascorbic acid content from part A. 
Calculating of vitamin C content. 
The concordant volume of ascorbic acid required to neutralise DCPIP is Va. The concordant volume of fruit juice required to neutralise DCPIP is Vb.
The concentration of standard ascorbic acid, Ca is 1.0mgcm-3. 
Calculate the mass of ascorbic acid reacted by 1cm3 DCPIP using m = Ca x Va. This is the mass equivalent.
Calculate the concentration of ascorbic acid (mgcm-3) in the fruit juice using the mass equivalent and Cb = m/Vb.



OSA mark scheme 1
T Level in Science 
Occupational Specialism Assessment (OSA) – Laboratory sciences 
Mark Scheme 
Assignment 2, part A
Task 1(a) – Following the SOP

Task 1(a) – Assessor observation checklist
	Criteria 
	Assessor check
	Marks awarded 
	Essential criteria (All essential criteria must be awarded to pass)

	Safe handling of chemical agents during task 
	
	1 
	Yes

	Safe storage and disposal of chemical agents 
	
	1 
	Yes

	Well organised workstation to facilitate the completion of the task
	
	1 
	Yes

	Safe handling of equipment during task 
	
	1 
	Yes

	Use of appropriate PPE in preparation and completion of the task
	
	1 
	Yes

	Performed scientific techniques effectively: measuring; observing and use equipment correctly (manual dexterity)
	
	1 mark for completing technique effectively and one mark for completing techniques accurately (maximum 6 marks) 

	Yes

	Total awarded 
	
	11 marks
	



Task 1(a) – Learner procedure assessment

	Band 
	Mark 
	Descriptor The learner has:

	4 
	10-12 
	The learner has demonstrated autonomy and judgement in following the multistep SOP, carrying out all instructions in full and carrying out the task logically and in a time-efficient manner to produce accurate results.

	3 
	7-9 
	The learner has followed the multistep SOP, carrying out most instructions in full, with only occasional minor omissions or errors, for example, stoppers not replaced immediately, instructions on air bubbles, mixing or wait time not accurately followed and carried out the task in the correct order of steps to produce accurate results.

	2 
	4-6 
	The learner has followed the multistep SOP to produce results, but in some areas attention to detail is lacking. Carried out all major steps in the correct order, although there may be some errors or omissions within some of the steps, for example, mistakes in volumes or equipment used, parts of steps carried out in the wrong order, indicator added at start of titration.

	1 
	1-3 
	The learner has followed parts of the multistep SOP correctly to produce results, carrying out most of the major steps, but may omit a key step and complete some of the steps in the wrong order, compromising the validity of results.

	0 
	0 
	No creditworthy material as described in bands 4 to 1.





Indicative content
Following the SOP correctly would include, for example:
· cleaning of equipment before use
· following instructions for which equipment to use to measure volumes
· carry out calibration of DCPIP
· record volumes correctly at start and end of titration
· reduced volume added when near to end point.
Highly effective application of practical scientific and mathematics skills would include (but is not limited to):
· measuring, for example confident measurement of volumes of reagents demonstrating good practice to enable accurate measurements
· correct use of pipette and measuring cylinder, for example read at eye level, base of meniscus used, no bubbles in pipette column, pipette is not overfilled
· manual dexterity, for example accurate and efficient transfer of liquids (when pouring or avoiding bubbles in pipette)
· observing, for example suitable approach to end point determination
· analysing, for example calculates mean titre from concordant results, correct and complete use of units.
Effective techniques and skills for carrying out titration includes (but is not limited to):
· burette rinsed with solution to be titrated
· funnel used for filling and then removed
· equipment used safely, for example in filling, positioning, and storing burette
· burette filled and adjusted to appropriate point
· jet space in burette tip is filled with solution and air bubbles removed
· reading taken from base of meniscus, at eye level and accurate measurements taken
· correct use of burette tap and manipulation to achieve start and end points of titration
· swirling of the mixture while adding solution cautiously from burette
· solution added dropwise from burette when close to the end point
· results obtained are within an approximate expected range and concordancy.
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Conductivity exercise sheet

A solution of sodium hydroxide with a concentration of 0.102moldm-3 was titrated against 25.00cm3 of a solution of hydrochloric acid with unknown concentration. 

1. Use the data given plot a graph of conductivity against volume of sodium hydroxide added.

2. Determine the volume of sodium hydroxide added at the equivalence point and using this as the titre volume determine the concentration of the hydrochloric acid solution.

	Volume, cm3
	Conductivity, mS/cm
	Volume, cm3
	Conductivity, mS/cm

	0
	1.40
	22.80
	0.50

	5.00
	1.20
	24.30
	0.40

	7.50
	1.12
	25.80
	0.30

	10.00
	0.98
	26.40
	0.38

	12.20
	0.89
	28.80
	0.38

	15.80
	0.79
	30.50
	0.45

	18.80
	0.65
	34.70
	0.65

	20.30
	0.60
	40.75
	0.80

	21.80
	0.54
	45.75
	0.90





Risk assessment example 4
	Name of assessor (date):       D. Analyst (27 Feb 24)
	Authorised (date):  A. Supervisor (28 Feb 24)

	Review date: 28 Feb 28
	Reviewer: A. Supervisor

	Title of activity: Procedure to determine of chloride concentration in water using a solution of silver nitrate.

	Who this may harm:    
	Analyst
	Method/SOP reference:
	SOP Example 4



	Likelihood
	Certain
	5
	10
	15
	20
	25

	
	Very likely
	4
	8
	12
	16
	20

	
	Likely
	3
	6
	9
	12
	15

	
	Unlikely
	2
	4
	6
	8
	10

	
	Very unlikely
	1
	2
	3
	4
	5

	
	
	Minor
	First aid
	Injury
	Long term
	Fatality

	
	Severity




	Calculation of risk levels:
	1-4 = Low risk. Continue to monitor.
	5-12 = Medium risk. Some additional controls may be required.
	15-25 = High risk. Review task to reduce risk.



	Description of hazard 
	Risk
	Existing controls

	Likelihood

	Severity

	L x S = Risk level
 
	Additional control measures

	Completed 

	0.1M silver nitrate
	H315 Irritant,
H400 hazardous to aquatic environment
	Low concentration
Goggles
Do not dispose down sewer
	2
	2
	4
	Wash hands, eye-wash station available
Waste bottle in fume cupboard
	

	Silver chloride precipitate
	H290 corrosive to metals,
H400 hazardous to aquatic environment
	Low concentration
Goggles
Do not dispose down sewer
	2
	2
	4
	Wash hands, eye-wash station available
Waste bottle in fume cupboard.
	

	Water sample
	Low hazard,
Possible biological contamination
	Low concentration
Goggles
	2
	1
	2
	Wash hands, eye-wash station available.
	

	Electrical equipment
	Electric shock
	Battery, low voltage
	1
	1
	1
	Check for lose wires
	

	Spills
	Slip
	Small volume, report large spills
	2
	1
	2
	Clear up with mop or tissue
	

	Glassware – broken
	Cuts
	Report damage
First aid kit
	1
	2
	2
	Report breakages, clear up with dustpan and brush
	





SOP example 4
SOP to determine of chloride concentration in water using a solution of silver nitrate
Introduction

Chlorination of drinking water is carried out to ensure that water does not contain bacterial contamination. Chlorine ions are commonly added during water treatment by bubbling with chlorine gas or using an additive, such as sodium hypochlorite. Chlorine content can be determined quantitatively by titrating with a standard solution of silver nitrate. The silver is precipitated as silver chloride in the reaction:

	AgNO3(aq) + Cl-(aq)		AgCl(s) + NO3-(aq)

The reaction can be followed by conductometry. The conductivity of the solution will rise slightly as silver nitrate is added as the silver and chloride ions are removed by precipitation while additional nitrate ions are added. A rapid rise in conductivity occurs following the equivalence point as excess silver ions are added. 

Procedure
1. [bookmark: _Hlk163854202]Rinse a clean 50cm3 burette with 0.1moldm-3 silver nitrate solution and fill it with the same solution. Record the initial burette reading in the results table provided. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop.
2. Using a pipette filler, rinse a 25.00cm3 pipette with test water solution and carefully transfer 25.00cm3 of the solution to a 100cm3 beaker.
3. Place the beaker onto a magnetic stirrer and add a magnetic stirring bar. Clamp a calibrated conductivity meter in the solution and use the stirrer to mix gently. Record the initial conductivity in your results table.
4. Run about 5.00cm3 silver nitrate solution slowly from the burette into the beaker, with mixing, and record the conductivity. Add a further 2.00cm3 of silver nitrate and record this third conductivity.
5. Add silver nitrate solution in 1.00cm3 portions, recording conductivity each time, until the conductivity starts to rise at a significantly higher rate.
6. Add two further 2.00cm3 portions of silver nitrate, recording conductivity each time. Add two further 5.00cm3 portions of silver nitrate and record the conductivity.
7. Plot a graph of pH against the volume of silver nitrate added to determine the volume of silver nitrate added at the equivalence point (this is your titre volume).
8. Calculate the chloride content of the water using the volume of silver nitrate from your graph. 
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OSA assignment 2, part A – assignment brief 2
T Level in Science Occupational Specialism Assessment (OSA) – Laboratory sciences 
Assignment brief: determination of sulphates in wastewater by conductometric titration

Assignment 2, part A 

Scenario 
A water and wastewater services company supplies drinking water to millions of customers. As part of the water treatment process, water quality is checked by an in-house quality control laboratory. One common component of water is sulphates, which occur naturally in ground water but could also represent industrial pollution. The treated water is tested regularly to ensure that the total concentration of sulphates in the water remains below a threshold level. 

The total sulphate content in the water can be titrated directly against barium chloride, which leads to the precipitation of the sulphate as barium sulphate. The progress of the precipitation reaction can be followed by using a conductivity meter. The titration is called conductometric titration. 

Task 1 
You have 90 minutes to complete tasks 1(a) and 1 (b). 

1(a): Carry out a titration to determine the total sulphate content in two samples of wastewater provided following the SOP and the safety information provided. During this activity, you will be observed by an assessor to make judgements on your practice. (23 marks) 

1(b): Record your results in a suitable table and graph and carry out any necessary calculations. (12 marks)

Experimental practical 
Introduction 
The sulphate ion is common in ground water extracted for human consumption. Sulphate ions are naturally present in water but can also be produced by the breakdown of surfactants. Concentrations of sulphates above 250mgdm-3 can make water taste bitter. Sulphate content can be determined quantitatively by precipitating the sulphates as insoluble barium sulphate salts.
The total sulphate ion content in water can be determined by titration against a standard solution of barium chloride. The reduction of sulphate ions will lead to a reduction in conductivity. Once all the sulphate ions have been removed, the conductivity will start to rise again due to the addition of further excess barium ions. 
Risk assessment
	Substance, 
equipment or procedure
	Hazard 
	Risk 
	Control(s)

	1.4mS/cm calibration solution
	Not Hazardous
	No hazard symbol required No hazard specified
	Wear eye protection and protective gloves Dispose of waste or spillages as advised

	3mgdm-3 barium chloride solution 
	Harmful
	Harmful if swallowed
	Wear eye protection and protective gloves Wash hands
Dispose of waste or spillages as advised

	Filling of burette 
	Low 
	Risk of spills and splashes 
	Wear eye protection
Follow good practice for filling burettes


Procedure 
A. Calibration of conductivity meter
A 1.4mS/cm calibration solution has been prepared. Rinse a clean 100cm3 beaker with the calibration solution then fill the beaker with 25cm3 of the calibration solution using a clean 25cm3 measuring cylinder.
Rinse the calibration meter probe tip with distilled water. Immerse the conductivity meter tip in the calibration solution, swirl and record the stable conductivity reading. Record the temperature of the calibration solution.
If required, adjust the conductivity meter to the required reading for the calibration solution at the measured temperature according to the manufacturer’s instructions. 
B. Total sulphate ion content in wastewater
Rinse a clean 50cm3 burette with 0.01moldm-3 barium chloride solution and fill it with the same solution. Record the initial burette reading in the results table provided. Readings should be taken to the nearest 0.05cm3, which is equivalent to one drop.
Using a pipette filler, rinse a 25.00cm3 pipette with test water solution and carefully transfer 25.00cm3 of the solution to a 100cm3 beaker.
Place the beaker onto a magnetic stirrer and add a magnetic stirring bar. Clamp a calibrated conductivity meter in the solution and use the stirrer to mix gently. Record the initial conductivity in your results table.
Run about 5.00cm3 barium chloride solution slowly from the burette into the beaker, with mixing, and record the conductivity. Add a further 2.00cm3 of barium chloride and record this third conductivity.
Add barium chloride solution in 1.00cm3 portions, recording conductivity each time, until the conductivity starts to rise at a significantly higher rate.
Add two further 2.00cm3 portions of barium chloride, recording conductivity each time. Add two further 5.00cm3 portions of barium chloride and record the conductivity.
Repeat the conductometric titration using a second sample of wastewater.
Calculating of sulphate content. 
Plot a graph of conductivity against the volume of barium chloride added.
The volume of wastewater containing the sulphate is Va. The volume of barium chloride required to completely precipitate the sulphate is Vb.
The concentration of standard barium chloride, Cb, is 0.01moldm-3. 
Calculate the amount of barium chloride reacted by 25cm3 wastewater using n = Cb x Vb.
Calculate the concentration of total sulphate ions (moldm-3) in the wastewater using the amount of barium chloride reacted and Ca = n/Vb.




OSA mark scheme 2
T Level in Science 
Occupational Specialism Assessment (OSA) – Laboratory sciences 
Mark scheme: Assignment 2, part 
Task 1(a) – Assessor observation checklist

	Criteria 
	Assessor check
	Marks awarded 
	Essential criteria (All essential criteria must be awarded to pass)

	Safe handling of chemical agents during task 
	
	1 
	Yes

	Safe storage and disposal of chemical agents 
	
	1 
	Yes

	Well organised workstation to facilitate the completion of the task
	
	1 
	Yes

	Safe handling of equipment during task 
	
	1 
	Yes

	Use of appropriate PPE in preparation and completion of the task
	
	1 
	Yes

	Performed scientific techniques effectively: 
· measuring 
· observing
· using equipment correctly (manual dexterity).
	
	1 mark for completing technique effectively and one mark for completing 
techniques accurately 
(maximum 6 marks) 

	Yes

	Total awarded* 
	
	11 marks
	


Task 1(a) – Learner procedure assessment

	Band 
	Mark 
	Descriptor 
The learner has:

	4 
	10-12 
	The learner has demonstrated autonomy and judgement in following the multistep SOP, carrying out all instructions in full and carrying out the task logically and in a time-efficient manner to produce accurate results.

	3 
	7-9 
	The learner has followed the multistep SOP, carrying out most instructions in full, with only occasional minor omissions or errors, for example, stoppers not replaced immediately, instructions on air bubbles, mixing or wait time not accurately followed and carried out the task in the correct order of steps to produce accurate results.

	2 
	4-6 
	The learner has followed the multistep SOP to produce results, but in some areas attention to detail is lacking. Carried out all major steps in the correct order, although there may be some errors or omissions within some of the steps, for example, mistakes in volumes or equipment used, parts of steps carried out in the wrong order, conductivity meter calibrated before start of titration.

	1 
	1-3 
	The learner has followed parts of the multistep SOP correctly to produce results, carrying out most of the major steps, but may omit a key step and complete some of the steps in the wrong order, compromising the validity of results.

	0 
	0 
	No creditworthy material as described in bands 4 to 1.





Indicative content
Following the SOP correctly would include, for example:
· cleaning of equipment before use
· following instructions for which equipment to use to measure volumes.
· carry out calibration of conductivity meter.
· record volumes correctly at start and end of titration.
· reduced volume added when near to end point.
Highly effective application of practical scientific and mathematics skills would include (but is not limited to):
· measuring, for example confident measurement of volumes of reagents demonstrating good practice to enable accurate measurements.
· correct use of pipette and measuring cylinder, for example read at eye level, base of meniscus used, no bubbles in pipette column, pipette is not overfilled.
· manual dexterity, for example accurate and efficient transfer of liquids (when pouring or avoiding bubbles in pipette)
· observing, for example suitable approach to end point determination
· analysing, for example calculates mean titre volume from accurate graph, correct and complete use of units.
Effective techniques and skills for carrying out titration includes (but is not limited to):
· burette rinsed with solution to be titrated.
· funnel used for filling and then removed.
· equipment used safely, for example in filling, positioning and storing burette.
· burette filled and adjusted to appropriate point.
· jet space in burette tip is filled with solution and air bubbles removed.
· reading taken from base of meniscus, at eye level and accurate measurements taken.
· correct use of burette tap and manipulation to achieve start and end points of titration
· swirling of the mixture while adding solution cautiously from burette
· solution added beyond change in rate of conductivity change to ensure accuracy of second slope.
· results obtained are within an approximate expected range and conductivity slopes are linear.


Task 1(b) – Calculating results
	Band 
	Mark 
	Descriptor 
The learner has:

	4 
	10-12 
	The learner has used relevant and appropriate methods to calculate titre volume from the graph and dissolved sulphates, presenting a complete, identifiable and relevant set of results which is fit for purpose and supports analysis and further investigation, including the following elements: 
· in clear tabular format and logical structure
· to appropriate significant figures with appropriate units and notation
· suitable graph of conductivity against volume (axes labelled and at least two-thirds length of paper) 
· suitable lines of best fit and intercept identified.
· calculations are complete, clear and accurate, with no calculation errors.
· records allow data to be easily verified.

	3 
	7-9 
	The learner has used relevant and appropriate methods to calculate titre volume and dissolved sulphates, presenting an identifiable and relevant set of results which is fit for purpose and supports analysis and further investigation, including the following elements: 
· in tabular format and organised structure
· to appropriate significant figures with appropriate units and notation with minimal error  
· suitable graph of conductivity against volume plotted (axes labelled)
· suitable lines of best fit and intercept with minimal plotting errors 
· calculations are complete and accurate, with occasional minor errors.
· records allow data to be verified, although may include minor lapses in clarity, for example result changed or deleted without explanation.

	2 
	4-6 
	The learner has used some relevant methods to calculate titre volume and dissolved sulphates, presenting a set of results which includes some data to support further analysis. Results are recorded with some structure, although they are incomplete and sometimes unclear, or unnecessary data is used. 
Work includes the following elements: 
· some organisation of data
· some appropriate significant figures but with inconsistent use of appropriate units and notation
· graph of conductivity against volume plotted with some errors
· line of best fit or curve that allows titre volume to be determined. 
· calculations are partially correct but may contain several minor errors or single major error.

	1 
	1-3 
	The learner has calculated titre volume and dissolved sulphates, presenting a set of results which includes some but limited data to support further analysis. Data is recorded with little attempt at a coherent structure, it is incomplete, and sometimes unclear or unnecessary data is used. 
Work includes the following elements: 
· little evidence of attempt to structure results
· inconsistent use of appropriate significant figures, appropriate units and notation 
· inconsistent plotting of conductivity and volume data but with some determination of titre volume from the graph 
· inconsistent data intervals not based around identification of equivalence point. 
· calculations have some aspects that are correct but may follow an incorrect approach, be limited in extent or contain major errors.

	0 
	0 
	No creditworthy material as described in bands 4 to 1.





Indicative content
The learner will produce tables with clear labels and units in the headings. Means should be placed at the right-hand side of the table. All tables should have clearly ruled lines and columns with no units in each row or column. These should only be found in the headings of each table. The tables headings should explain what the column or row represents. 
The calculation of the titre volume from the graph of conductivity against volume will be accurate with clearly drawn graph with labelled axes with units and the volume on the x axis and conductivity on the y axis. Data will be plotted by pencil and lines of best fit drawn to represent the change in conductivity before all the sulphate was precipitated and the conductivity after all sulphate has been precipitated. Learners may present their calculation on the table, such as the calculation of the titre means. Ideally the readings should be to 0.05cm3 but should be to the smallest graduation possible over two-thirds the edge of the graph paper.  
The calculation steps will be easy to follow and there will be no omissions. Learners may avoid rounding up the data until the final step. 
Learners will use the volume of water sample (0.25dm3) and the barium chloride titration volume to calculate the total dissolved sulphate concentration of the sample in mol per dm3. 
  Learners may relate the concentration of dissolved sulphate in the wastewater sample to its impact on the customer or environment.
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Writing frame for auto-titrator research task

	Technique
	Application: Use and kinds of samples analysed
	Description: Explain how the technique works – what reactions occur, what solvents or reagents are needed and how the end point is detected?
	Autonomy: How often is input required to change sample or solvent or for cleaning?
	Advantages of technique against equivalent manual titration
	Disadvantages of technique against equivalent manual titration

	Karl Fischer





	
	
	
	
	

	Acid-base (pH meter)




	
	
	
	
	

	Potentiometric or coulometric




	
	
	
	
	

	Thermometric
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