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	1
	Programme Title
	Chemical Physics

	2
	Programme Code
	CHMU08 (MPhys); CHMU03 (BSc)

	3
	JACS Code
	F320 (recruitment is only for the MPhys)

	4
	Level of Study
	Undergraduate

	5a
	Final Qualification
	Master of Physics (MPhys) (CHMU08)

Bachelor of Science with Honours (BSc Hons) (CHMU03)

	5b
	QAA FHEQ Level
	Masters (MPhys), Honours (BSc)

	6
	Intermediate Qualification(s)
	Bachelor of Science with Honours (BSc Hons)

	7
	Teaching Institution (if not Sheffield)
	Not applicable

	8
	Faculty
	Science

	9
	Department
	Chemistry

	10
	Other Department(s) involved in teaching the programme
	Physics and Astronomy

	11
	Mode(s) of Attendance
	Full-time

	12
	Duration of the Programme
	4 years (MPhys), 3 years (BSc)

	13
	Accrediting Professional or Statutory Body
	Institute of Physics, Royal Society of Chemistry

	14
	Date of production/revision
	March 2015, Revised March 2016


15. Background to the programme and subject area

	Physics is the most fundamental of all the sciences: not only is it a fruitful research discipline in its own right, but its ideas and techniques underpin developments in many other areas of science, technology and medicine. It is characterised by the use of a few basic principles, quantities and laws to describe, understand and predict the behaviour of relatively complex systems, both natural and artificial.

The key features of physics are the modelling of natural phenomena by means of mathematical equations (“theory”) and the making of experimental or observational measurements, which both test existing theories and inspire new ones (“experiment”). The interplay of theory and experiment drives the development of the field, and requires a broad range of skills including mathematical modelling, problem solving, experiment design and data analysis, teamwork and communication. Chemistry occupies a central position in modern science. It uses the laws of Physics to explain the behaviour of atoms and molecules, which underpin our understanding of almost all the phenomena in the world around us, and in particular large areas of physics and biology. Hence, Chemical Physics is truly a multidisciplinary programme of study. It covers aspects central to both disciplines and develops the more physical aspects of Chemistry simultaneously with education in molecular and atomic Physics. The later stages of the programme pursue the common overlap between the departments, such as microscopy, spectroscopy and soft condensed matter, and the interface with the biological sciences.

In addition to professional careers in research and related industries graduates pursue successful careers in areas such as management, sales, accounting, computing, patent law, insurance, banking, and teaching, in fact any field requiring graduate skills.

The requirements to teach a successful Chemical Physics programme are diverse and demanding. Both departments are research-active and have strong collaborations across a broad range of subjects at the interface of spectroscopy, soft condensed matter and nanotechnology. The expertise of the staff covers the breadth of both subjects.

The programmes described are the undergraduate Chemical Physics degrees at Sheffield. The BSc was introduced in 1968 and the MPhys in 1993. The MPhys degree is designed for students who foresee careers as professional research scientists at the interfaces of the physical sciences. The BSc is intended to provide a more general education for students wishing to pursue wider career options. The Institute of Physics has accredited both degrees.

More information about the Department, the staff, and admissions is to be found on the Web at http://www.shef.ac.uk/chemistry/ for the Chemistry department, http://www.sheffield.ac.uk/physics for the Physics department and http://www.sheffield.ac.uk/chemistry/prospective_undergraduates/mphys_chemical_physics_f335 gives a brief description of the curriculum.


16. Programme aims

	We aim to provide high quality education which is stimulating, useful and enjoyable to students from a range of educational and social backgrounds and which is informed and invigorated by the research and scholarship of the staff. This contributes to the University’s mission “to maintain the highest standards of excellence as a research-led institution, whose staff work at the frontiers of academic enquiry and educate students in a research environment”.

The programmes leading to the BSc and Masters degrees aim to:

1. provide a wide understanding of Chemical Physics and its role in industry, the economy, the environment and society;

2. provide high quality teaching, informed and invigorated by the research and scholarship of the staff, and which is stimulating, and useful;

3. give to students a range of interpersonal and transferable skills;

4. engender attitudes which will promote lifelong learning;

5. promote the free pursuit of knowledge and to develop an ability to find, understand, and analyse information;

6. develop skills in the solution of theoretical and practical problems;

7. foster safe and good laboratory practice;

8. develop students' analytical and deductive skills;

9. meet the requirements for the membership level of the Institute of Physics, and associate membership levels of the Royal Society of Chemistry.

The programme leading to the undergraduate Masters degree in addition aims to:

10. prepare students for a professional or research career;

11. inculcate a greater knowledge and deeper understanding of particular areas of Chemical Physics by giving exposure to advanced material and cutting edge interdisciplinary science;

12. enhance competence in practical skills and in the fundamentals of research methods;

13. develop written and oral skills required to present material at a research level;

14. ensure that students can manage their own learning and study a topic independently with the aid of appropriate research articles and primary sources.


17. Programme learning outcomes

	The intended learning outcomes of the Chemistry Department are labelled in a consistent manner for all its programmes. The coding system for the core learning outcomes consist of one or two letters to indicate the type of learning outcome followed by a number indicating the sequence within that type.
The types are:

K

Knowledge and understanding

MK

Knowledge and understanding at Masters level

S

Cognitive skills and abilities

MS

Cognitive skills and abilities at Masters level

PS

Practical skills

TS

Transferable skills

Outcomes for dual degrees are distinguished by subject using the following three letter prefixes:

PHY

Physics 

Learning outcomes without a three-letter prefix are core for Chemistry. Note that the learning outcomes are a selection from a consistent list derived for every Chemistry programme, so that the numbering is not always contiguous.


	On graduation students achieving either award will have developed a knowledge and understanding of:

	K1
	Chemical terminology, nomenclature, conventions and modules;

	K2
	Chemical reactions and their characteristics;

	K3
	The principles and procedures used in chemical analysis and characterisation;

	K4
	The characteristics of the different states of matter and interfaces between them;

	K5
	The principles of quantum mechanics and their application to atomic and molecular structure and properties;

	K6
	The principles and applications of chemical thermodynamics;

	K7
	Chemical kinetics, including catalysis;

	K8
	The principal techniques of structural investigations;

	K9
	The characteristic properties of elements and their compounds, including group relationships and trends within the Periodic Table;

	K10
	Reaction mechanisms in inorganic chemistry;

	K11
	The nature and behaviour of functional groups in organic molecules;

	K12
	The three dimensional structural features of chemical elements and their compounds;

	K14
	The relation between bulk and interfacial properties and those of individual atoms and molecules;

	K16
	The structure and properties of molecules used in materials;

	K17
	The properties of coordination complexes, organometallic and bioinorganic compounds;

	K18
	The synthesis, structural and physical properties of macromolecules (polymers);

	K19
	The role of Chemistry in the world, including its industrial, economic, environmental and social importance;

	PHYK1
	A sound grasp of the fundamental laws and principles of physics and the ability to apply these to solve problems and understand the behaviour of natural phenomena and/or man-made systems;

	PHYK2
	A working knowledge of a variety of experimental, mathematical and/or computational techniques applicable to current research in physics and astronomy;

	PHYK3
	An awareness of the empirical nature of physical science and an understanding of the interplay between theory and experiment;

	PHYK4
	An understanding of the importance of experimental uncertainty and error analysis, and of the significance of this aspect of experimental work in drawing conclusions based on empirical data;

	PHYK5
	A thorough grounding in some of the basic areas of physics, namely mechanics, thermal physics, special relativity, electromagnetism, quantum mechanics, condensed matter physics, and atomic physics;

	PHYK6
	A knowledge of several areas of basic physics at a level at, or informed by, the forefront of the discipline;

	PHYK7
	Familiarity with basic physics laboratory equipment and techniques, including knowledge of safe working practices.

	On graduation students achieving an award of Masters will have developed a knowledge and understanding of:

	MK3
	Topics at the frontiers of research in physical and materials chemistry;

	MK4
	The basic methodology of research;

	MK5
	A current advanced research topic;

	PHYMK1
	An understanding of quantum mechanics and statistical physics to a level appropriate as a foundation for postgraduate research;

	PHYMK2
	An appreciation of current research and advanced scholarship in several aspects of modern physics;

	PHYMK3
	A knowledge of key developments, experimental, computational or analytical techniques and background literature in the subject area of their Level 4 physics research project.

	On graduation students achieving either award will have subject-related cognitive abilities and skills which:

	S1
	Demonstrate knowledge and understanding of essential facts, concepts, principles and theories;

	S2
	Enable them to apply their knowledge and understanding to the qualitative and quantitative solution of chemical physics problems;

	S3
	Enable them to recognise and analyse novel problems and plan strategies for their solution;

	S4
	Enable the evaluation, interpretation and synthesis of chemical physics information and data;

	S5
	Enable them to recognise and implement good measurement science and practice;

	S6
	Enable them to present scientific material and arguments clearly and correctly, in writing and orally, to a range of audiences;

	S7
	Demonstrate computational and data processing skills, relating to chemical information and data;

	PHYS1
	Give them the ability to analyse and solve problems in physics and astronomy by identifying the appropriate physical principles, developing a mathematical model of the system and using appropriate mathematical techniques to obtain a solution;

	PHYS2
	Give them the ability to interpret a mathematical description of a physical system so as to deduce its behaviour and properties;

	PHYS3
	Inculcate the ability to plan and execute, with appropriate supervision, an experimental, observational or theoretical investigation of a research-level topic in physics or astronomy, including the ability to analyse the results critically and quantitatively and to draw valid conclusions.

	On graduation students achieving either award will have subject-related practical skills:

	PS1
	In the safe handling of chemical materials, taking into account their physical and chemical properties, including any specific hazards associated with their use;

	PS2
	Required for the conduct of standard laboratory procedures involved in synthetic and analytical work, in relation to both inorganic and organic systems;

	PS3
	In the monitoring, by observation and measurement, of chemical properties, events or changes, and the systematic and reliable recording and documentation thereof;

	PS4
	Showing competence in the planning, design and execution of practical investigations, from the problem-recognition stage through to the evaluation and appraisal of results and findings;

	PS5
	In the operation of standard chemical and physics instrumentation such as that used for structural investigations, separation and quantitative analysis;

	PS6
	Demonstrating ability to interpret data derived from laboratory observations and measurements in terms of their significance and the theory underlying them;

	PS7
	Showing ability to conduct risk assessments concerning the use of chemical substances and laboratory procedures.

	On graduation students achieving either award will have transferable skills:

	TS1
	Demonstrating competence in written and oral communication;

	TS2
	In quantitative and qualitative problem solving, including situations with limited information;

	TS3
	In numeracy and computation, including error analysis, estimations of orders of magnitude, correct choice of modules, and different methods for presentation of data;

	TS4
	In the use of information sources, including information retrieval;

	TS5
	In the use of computers and information technology;

	TS6
	Demonstrating ability to work as a member of a team;

	TS7
	To work effectively, to plan work, and to manage their time.


	On graduation students achieving Masters awards will have skills and other attributes:

	MS1
	In the application of fundamental principles to the solution of chemistry or physics problems at a research level;

	MS2
	In the planning of research;

	MS3
	In presentation of research results;

	PHYMS1
	The ability to learn independently, using written source material at a research level, i.e. primary or review papers in scientific journals, as well as other appropriate sources;

	PHYMS2
	Competence in the use of advanced, specialised physics laboratory equipment and/or computational techniques relevant to research areas at the forefront of the discipline.


18. Teaching, learning and assessment

	Development of the learning outcomes is promoted through the following teaching and learning methods:

Lectures

The standards required of a graduate in the physical sciences include the acquisition of a substantial body of knowledge. The lecture programme is modular, and taught and examined over the whole academic year. In Chemistry, most modules are divided into 7 or 8-lecture subunits called ‘segments’ usually delivered by a single staff member.  At level 4 the 30-credit lecture modules each comprise six segments, each of 10 lectures and with 2 class tutorials to provide support. The lecture modules are the vehicle for delivering the knowledge based learning outcomes. Most 10-credit taught Physics modules include approximately 20 formal lectures. The lecture modules are the major vehicle for delivering the knowledge based learning outcomes.

Tutorials

All students have a Chemistry personal tutor. The tutor is allotted at the outset of the student’s University career, with the expectation that the association will remain during the whole of that student’s time in the department. The personal tutor also acts as an academic tutor for the Level 1 programme. Small group Chemistry academic tutorials are conducted in Level 1 at the rate of one tutorial per week for each student. Tutorial groups comprise 5-6 students led by their personal tutor. These academic tutorials are distinct from personal tutorials and are provided to give support to lecture material and to enhance skills in problem solving. Students are expected to complete some problem-solving exercises each week. This work is returned to the student both to provide feedback and as a basis for discussion.
Level 1 Chemistry tutorials are the foundation of the process of achieving learning outcomes for transferable skills TS1-TS3. In Level 2, a small group academic tutorial is held every two weeks in inorganic and physical chemistry for each student. These tutorial groups comprise 7-8 students led by a specialist tutor in each field. In Physics academic tutorials in Levels 1 and 2 are weekly small-group tutorials aimed at improving problem-solving skills (PHYK1, PHYK2, PHYS1, PHYS2) and dealing with questions associated with taught material.

Chemistry Workshops

In Levels 3 and 4 support is provided via workshops given at the rate of up to 2 workshops per lecture segment. Workshops are intended to ensure that students are able to fulfil the problem-solving requirements of the programme and are one of the principal vehicles for the development of learning outcomes for subject-related skills.

Physics Problems Classes

Problems classes are held at Level 1 to facilitate development of problem-solving skills (PHYK1, PHYK2, PHYS1, PHYS2) and consolidate material taught in lectures. In addition, several modules whose designated learning outcomes are highly skills-oriented (e.g. PHY235 Programming in Python) are taught predominantly through the medium of problems classes, with problem-solving sessions fully integrated with the introduction of new material where relevant.
Seminars

All first year physics modules include seminars by guest speakers. The aim of this is to infuse the first-year programme with some research-led material (PHYK2, PHYK6). Students are required to write an essay (S6, TS4, TS6, TS7) based on the material in one of the physics seminars. At Level 2 and beyond, students give seminars (S6, TS4) based on their own experimental work, the results of a literature search (TS6), or the programme material (TS7). The latter two are carried out in small groups (PS5), with each member’s presentation contributing to a joint seminar.

There is a regular schedule of Chemistry departmental research seminars during the teaching session. They are compulsory for all Level 4 students doing a Chemistry research project and help develop the following learning outcomes: MK3, S6, TS1.

Independent Study

Some modules at Levels 1 and 2, and many modules at Levels 3 and 4, contain elements of independent study, where students are asked to carry out a directed reading assignment with set goals (TS7) or a literature search on a specified topic (TS7, TS6). These modules offer students the chance to develop their learning skills and, often, to pursue particular interests. All students pursuing independent study have a named supervisor from whom they can seek assistance or advice if necessary.

Chemistry Laboratories

Laboratory teaching is a key component of the programme. Teaching and assessment of laboratory skills is carried out separately from lecture-based teaching, so as to emphasise the importance of practical skills. Students work singly or in pairs during Level 1 and 2 practical sessions. Students work in groups of up to 6 in Level 3 to tackle an open-ended Chemical Physics project. These instil teamwork, time management and planning. Transferable skills are also taught and assessed as part of laboratory teaching, since presentation skills are most easily accommodated within the framework of continuous assessment. Practical skills (PS1-PS7) are listed separately in the learning outcomes to emphasise their importance to the subject.

Physics Laboratories

All physics and astronomy modules at Level 1 have an associated laboratory component accounting for 20–30% of the module grade. The first year laboratory curricula are designed to raise students’ awareness of the importance of quantitative experimental work and data analysis, particularly with respect to the significance of experimental error (PHYK3, PHYK4) and to develop their skills in these areas (PHYS3, TS4) as well as general numerical problem-solving skills (PHYK1, PHYK2, PHYS1-PHYS3, TS4). These practical classes are aimed at developing sound laboratory technique and familiarity with basic equipment (PHYK7, PHYMS2), and they also include exercises on the writing of laboratory reports (S6, TS4). At Level 2, the physics laboratory comprises 2 separate 10-credit modules extending and enhancing the basic knowledge and skills developed at Level 1 and developing presentation and communications skills (S6). Laboratory work develops naturally into project work at Levels 3 and 4 (see below).

Projects

At Level 3, students conduct a 10-credit group project (PHYS3), typically in a team of 4-6, supervised by 2 members of staff. Projects vary in nature, but could typically involve developing and comparing different designs for solving a theoretical, practical or technological problem, with collaboration in task allocation and monitoring of progress, but with individuals taking responsibility for different parts of the programme. Similarly, in chemistry, students work in a group of about 6 to tackle a 10-credit Chemical Physics project.
Level 4 teaching contains a substantial project either in Physics (40 credits) or in Chemistry (60 credits). Projects are carried out in new, state-of-the-art research laboratories, under the direction of a member of staff. These projects can lead to research publications in peer-reviewed journals. In Physics the research project is preceded by a design study.


	Opportunities to demonstrate achievement of the programme learning outcomes are provided through the following assessment methods:

Formal examinations

Lecture modules are assessed by formal examinations, in which each lecture segment has one question. All questions are presented with an indicative marking scheme. The formal examinations assess the knowledge-based learning outcomes listed in section 17 as well as problem-solving skills.

Workshop and tutorial assignments

The work set for workshops and tutorials has an important role in the fulfilment of learning outcomes referring to subject-related and transferable skills listed in section 17, and feedback on attainment is given during the workshops and tutorials.

Continuous assessment

Laboratory modules are assessed using continuous assessment of laboratory reports and associated work, which must be completed before a student can progress to the next experiment. Transferable skills are also included within the assessment of laboratory work. Continuous assessment has an important role in the fulfilment of learning outcomes referring to practical and transferable skills listed in section 17.

Project assessment

Level 3 laboratories involve an extended project, which are carried out by students working in teams of about 6. The teams are expected to organise their own work under the direction of a staff project director. Assessment is carried out via a carefully structured scheme in which students submit written reports and give oral presentations.
Level 4 research projects within Chemistry are assessed using a combination of oral presentations, panel interviews, research reports and posters, as well as an assessment of practical ability by the project supervisor. The assessment scheme is carefully structured and uses well-defined criteria.


19. Reference points

	The learning outcomes have been developed to reflect the following points of reference:
Subject Benchmark Statements

http://www.qaa.ac.uk/publications/information-and-guidance
Framework for Higher Education Qualifications (2008)
http://www.qaa.ac.uk/publications
University Strategic Plan

http://www.sheffield.ac.uk/strategicplan
Learning and Teaching Strategy (2011-16)
http://www.shef.ac.uk/lets/staff/lts
The accreditation criteria of the Institute of Physics.
The accreditation levels for MChem and BSc degrees expected by the Royal Society of Chemistry, January 2012.
The Departmental Learning and Teaching Strategy.


20. Programme structure and regulations

	The BSc degree has an identical curriculum to the first three years of the MPhys. The first two years of the Sheffield programme provide a rigorous introduction to basic principles. The programme at this basic level embraces the whole breadth of Chemistry and Physics. The second two years of the programme are designed to take a graduate to the edge of research at the Chemical Physics / Physical Chemistry interface. It allows specialisation in Level 4 through the choice of a research project and option programmes. The research specialisations of the staff become more apparent at Masters level, with programmes from interdisciplinary areas, such as materials Chemistry and Chemical Physics.  Laboratory teaching is a key component of this programme.
The BSc degree can form an exit qualification for students studying the first three years of the programme. Masters graduates do not also obtain a BSc.

Each year of study represents 120 credits. Level 1 of the programme comprises 50 credits of Chemistry, 40 of Physics and 30 of Mathematics. Level 2 comprises of 50 credits of Chemistry and 70 of Physics. Level 3 is 60 credits of Chemistry and 60 credits of Physics. Level 4 is made up from a research project that can either be taken in the Chemistry or Physics Department. Overall, students either take 80 credits of Chemistry and 40 of Physics, or 40 credits of Chemistry and 80 of Physics.

	Detailed information about the structure of programmes, regulations concerning assessment and progression and descriptions of individual modules are published in the University Calendar available on-line at http://www.shef.ac.uk/govern/calendar/regs.html.


21. Student development over the course of study
	Level 1

The Chemistry lecture component (40 credits) provides a broad foundation across the breadth of Chemistry, and is designed to ensure that students with different A-Level (or equivalent) experiences gain a thorough understanding of the basic principles by the end of the year. Problem-solving techniques are facilitated by the tutorial system. The laboratory work (10 credits) provides the foundation for safe and good laboratory practice.
Level 1 is designed to provide the necessary skills in basic mathematics (20 credits Pure and 10 credits Applied) together with an overview of the fundamental laws and principles of physics (40 credits) (PHYK1, PHYK4, PHYK7, PHYS1-S2, TS4).
Level 2

Chemistry knowledge is reinforced by 50 credits of physical and inorganic Chemistry modules. Problem solving is enhanced through a comprehensive system of tutorials and workshops. The laboratory work (10 credits) extends the experience of safe and good laboratory practice.
50 credits of physics (including a 10-credit laboratory module), are designed to provide a thorough grounding in quantum theory, electromagnetism and solid state physics. 10 credits of mathematical methods extend and enhance students’ mathematical skills (PHYK2, PHYS1, PHYS2), and 10 credits of programming methods equip the students for future practical experience.
Level 2 students not achieving an average grade 60 at the end of the year may not continue with CHMU08, but are instead transferred to the BSc CHMU03 programme.
Level 3
The 50 credits of Chemistry is intended to provide a deeper appreciation of physical and materials Chemistry, along with a10 credit laboratory based on an open-ended 10-week Chemical Physics project, which involve planning and teamwork. All students are expected to give oral presentations and to write project reports.

The 50 credits (MPhys) of taught physics is designed to provide a deeper understanding of key areas of the subject (PHYK1–PHY2) and a 10-credit group project, to develop students’ problem solving, team-working and communications skills (PHYS1, PHYS3, TS6, TS7).
Level 4

Students conduct a 40- or 60-credit research project in a modern research laboratory, which can be in either the Chemistry or Physics department. The student can also choose to work in both under joint supervision. The project lasts 20 weeks, during which the students study the relevant research literature, make oral and poster presentations and write a full research report.

If a 60 credit Chemistry project is chosen, this is complemented with 20 credits of research level topics in physical and materials Chemistry; if a 40 credit Physics project is chosen, this is complemented with 40 credits research level topics in physical and materials Chemistry.
40 further credits chosen from a wide range of physics modules designed to develop students’ understanding of particular areas of the subject of interest to them to a level informed by current research activity in the department. Many of these modules will contain an element of independent study (TS6, TS7).


22. Criteria for admission to the programme

	Detailed information regarding admission to the programme is available at http://www.shef.ac.uk/prospective/
The department does not recruit students onto the BSc Chemical Physics degree CHMU03.


23. Additional information

	This specification represents a concise statement about the main features of the programme and should be considered alongside other sources of information provided by the teaching department(s) and the University. In addition to programme specific information, further information about studying at The University of Sheffield can be accessed via our Student Services web site at http://www.shef.ac.uk/ssid.
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