Unit I: Instrumental Analysis Concepts 
[bookmark: _GoBack]Signals, Noise or interference, resolution, sensitivity, detection limit, calibration 

Every analytical measurement is made up of two components, one component, the signal, carries information about the analyte that is of interest to the chemist. The second, called noise, is made up of extraneous information that is unwanted because it degrades the accuracy and precision of an analysis and also places a lower limit on the amount of analyte that can be detected. 

The signal to noise ratio: (S/N)
The signal to noise ratio is a representative marker it that is used in describing the quality of an analytical method or the performance of an instrument. Unfortunately, noise free data can never be realized in the laboratory because some types of noise arise from thermodynamic and quantum effects that are impossible to avoid in a measurement. In most measurements, the average strength of the noise N is constant and independent of the magnitude of the signal S. Thus, the effect of noise on the relative error of a measurement becomes greater and greater as the quantity being measured decreases in magnitude. For this reason the signal to noise ration is much more useful as a figure of merit alone for describing the quality of an analytical method or the performance of an instrument. 
For a DC signal like first figure use mean value for signal and standard deviation of thenoise:
[image: ]
Note the signal-to-noise is inverse of RSD (relative standard deviation) has back in
S/N = 1/RSD
As a general rule if S/N is <2 or 3, can’t detect a signal

SOURCES OF NOISE

It is important for the analyst who uses a particular instrumental method to be aware of the sources of noise and the instrument components used to minimize this noise because noise determines both the accuracy and detection limits of any measurement.  Noise enters a measurement system from environmental sources external to the measurement system (Figure 2.4), or it appears as a result of fundamental, intrinsic properties of the system. It is usually possible to identify the sources of environmental noise and to either reduce or avoid their effects on the measurement.  Such is not the case with fundamental noise because it arises from the discontinuous nature of matter and energy.  Thus, fundamental noise ultimately limits accuracy, precision. and detection limits in every measurement.
	The major kinds of noise associated with solid-state electronic devices are thermal, shot, and flicker.

Sources of noise in instrumental analysis:

Types of noise:

Chemical:	This noise arises from uncontrollable variables in the chemistry of the system such as variation in temperature, pressure, humidity, light and chemical fumes present in the room.

Instrumental : Noise that arises due to the instrumentation itself.  It could come from any of the following components- source, input transducer all signal processing elements, and the output transducer.  This noise has many types and can arise from several sources.  There are four main categories of instrumental noise: Thermal or Johnson, Shot, Flicker, and Environmental. 

Thermal noise or Johnson noise:
-arises from thermal agitation of electrons or other charged carriers in resistors, capacitors, radiation detectors, electrochemical cells and other resistive elements in the instrument.
-this agitation is random and can create charge variations that create voltage fluctuations that we view as noise
-the magnitude of thermal noise is given by: vrms = (4kTRf)1/2
where vrms = root mean square noise voltage, f = frequency bandwidth,  
k = l.38 x 10-27 J/K (Boltzman Constant), T = temperature in Kelvin,
R = resistance in ohms of the resistive element

-the bandwidth is inversely proportional to the rise time (t),
(response time in seconds to an abrupt change in input)
f = 1/3tr
-rise time is taken as the time required for the output to increase from 10% to 90% of the final value 
-narrowing bandwidth can decrease thermal noise but it will also slow the rate of the machine therefor increasing time required to make a reliable measurement 
-can also be lowered by lowering temperature or electrical resistance
-dependent upon frequency bandwidth but independent of frequency
Shot Noise:
-arises when current involves the movement of electrons or charged particles across a junction 
-these junctions are typically found at pn interfaces; in photocells and vacuum tubes.
-shot noises are random and their rate of occurrence is subject to statistical fluctuations which are defined as follows:
irms. = (2If)1/2
where irms = root mean sq. current fluctuation associated with average direct 
current (I), e = l.60 x 10-19 C, f = bandwidth of frequencies 
-shot noise can be minimized only by reducing bandwidth 

Flicker noise:
	-its magnitude is inversely proportional to frequency of signal
          	-causes of flicker noise not understood but recognized by frequency dependence
-can be significant at frequencies lower than 100 Hz
-causes long term drift in de amplifiers, meters, and galvanometers
-can be reduced significantly by using wire-wound or metallic film resistors rather than composition type
	
Environmental noise:

	Environmental noise is due to a composite of noises from different sources in the environment surroun ding the instrument.  Figure 5-3 shows some common sources of  environmental noise
.
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·  

Limit OF Detection
In INSTRUMENTAL  analytical chemistry, the detection limit, lower limit of detection, or LOD (limit of detection), is the lowest quantity of a substance that can be distinguished from the absence of that substance (a blank value) with a stated confidence level (generally 99%).[1][2] The detection limit is estimated from the mean of the blank, the standard deviation of the blank and some confidence factor. Another consideration that affects the detection limit is the accuracy of the model used to predict concentration from the raw analytical signal.
There are a number of different "detection limits" that are commonly used. These include the instrument detection limit (IDL), the method detection limit (MDL), the practical quantification limit (PQL), and the limit of quantification (LOQ). Even when the same terminology is used, there can be differences in the LOD according to nuances of what definition is used and what type of noise contributes to the measurement and calibration.[3]
The figure below illustrates the relationship between the blank, the limit of detection (LOD), and the limit of quantification (LOQ) by showing the probability density function for normally distributed measurements at the blank, at the LOD defined as 3 * standard deviation of the blank, and at the LOQ defined as 10 * standard deviation of the blank. For a signal at the LOD, the alpha error (probability of false positive) is small (1%). However, the beta error (probability of a false negative) is 50% for a sample that has a concentration at the LOD (red line). This means a sample could contain an impurity at the LOD, but there is a 50% chance that a measurement would give a result less than the LOD. At the LOQ (blue line), there is minimal chance of a false negative.
[image: https://upload.wikimedia.org/wikipedia/commons/3/33/LOD.png]
Illustration of the concept of detection limit and quantitation limit by showing the theoretical normal distributions associated with blank, detection limit, and quantification limit level samples.
Instrument detection limit
Most analytical instruments produce a signal even when a blank (matrix without analyte) is analyzed. This signal is referred to as the noise level. The IDL is the analyte concentration that is required to produce a signal greater than three times the standard deviation of the noise level. This may be practically measured by analyzing 8 or more standards at the estimated IDL then calculating the standard deviation from the measured concentrations of those standards. The detection limit (according to IUPAC) is the smallest concentration or absolute amount of analyte that has a signal significantly larger than the signal arising from a reagent blank. Mathematically, the analyte’s signal at the detection limit (Sdl) is given by: {\displaystyle S_{dl}=S_{reag}+3\sigma _{reag}}.
where Sreag is the signal for a reagent blank, σreag is the known standard deviation for the reagent blank’s signal.
Other approaches for defining the detection limit have also been developed. In atomic absorption spectrometry usually the detection limit is determined for a certain element by analyzing a diluted solution of this element and recording the corresponding absorbances. The experiment is repeated for 10 times. The 3σ of the recorded absorbance signal can be considered as the detection limit for the specific element under the experimental conditions used – wavelength, type of flame, instrument.
Method detection limit
Oftentimes there is more to the analytical method than just performing a reaction or submitting it to direct analysis. For example, it might be necessary to heat a sample that is to be analyzed for a particular metal with the addition of acid first (this is called digestion). The sample may also be diluted or concentrated prior to analysis on an instrument. Additional steps in an analysis add additional opportunities for error. Since detection limits are defined in terms of error, this will naturally increase the measured detection limit. This detection limit (with all steps of the analysis included) is called the MDL. The practical method for determining the MDL is to analyze 7 samples of concentration near the expected limit of detection. The standard deviation is then determined. The one-sided t-distribution is determined and multiplied versus the determined standard deviation. For seven samples (with six degrees of freedom) the t value for a 99% confidence level is 3.14. Rather than performing the complete analysis of seven identical samples, if the Instrument Detection Limit is known, the MDL may be estimated by multiplying the Instrument Detection Limit or Lower Level of Detection by the dilution prior to analyzing the sample solution on the instrument. This estimation, however, ignores any uncertainty that arises from performing the sample preparation and will therefore probably underestimate the true MDL.
Limit of quantification
The LOQ is the limit at which the difference between two distinct values can be reasonably discerned. The LOQ may be drastically different between laboratories so another detection limit is commonly used that is referred to as the Practical Quantification Limit (PQL).



RESOLUTION AND SENSITIVITY
Sensitivity vs.
Limit of Detection
· NOT THE SAME THING!!!!!
· Sensitivity: Ability to discriminate between small differences in analyte concentration at a particular concentration.
· calibration sensitivity—the slope of the calibration curve at the concentration of interest
· Limit of detection: Minimum concentration that can be detected at a known confidence limit
· Typically three times the standard deviation of the noise from the blank measurement (3s or 3 is equivalent to 99.7% confidence limit)
Such a signal is very probably not merely noise


Your linearity line has the slope. For instance, the trend is increased as the concentration increasing. The slope of your trendline represents your "Sensitivity". The unit can be [unit signal/unit concentration]. It means by adding certain concentration your system enhance the signal in the certain level. The higher sensitivity value, the better performance of your system.
2. Before you measure the series concentration, you need to measure the "blank or zero concentration" for your reference signal. For example, you measure 0% sample 3 times. The average signal will be your reference level. While the standard deviation (SD/noise) will be the important part to measure resolution. The resolution can be measured by:
Res = SD / Sensitivity.
The resolution unit will be [concentration unit].
In simple words, Resolution can be explained as the smallest concentration of your system that gives the signal with confidence factor 1. smaller your resolution, your system has better performance. 
3. LOD, in my group, use confidence factor 3.
So it can be calculated.
LOD = 3*SD / Sensitivity.
In simple word, LOD is the concentration you need to enhance your system resulting signal level around 3 times of your standard deviation (noise).


SENSITIVITY - the smallest change in the signal that can be detected.
RESOLUTION - the smallest portion of the signal that can be observed.

In what way does resolution differ from sensitivity?

RESOLUTION-It is basically the smallest input that an instrument can detect and its output changes.
SENSITIVITY-IT is the smallest difference between two inputs which the instrument can detect but may not change its output.
For example, if you have a voltmeter with two ranges (0=1)V and(0–15)V having 100 divisions ,then for range (0–1)V its resolution will be 0.01V,whereas for range(0–10)V it will be 0.1V .Sensitivity will be 0.01V for both cases because it is the least difference which the voltmeter will detect in both cases but change the output in first case only.



Calibration curve
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/0/0c/Calibration_curve.png/350px-Calibration_curve.png]
A calibration curve plot showing limit of detection (LOD), limit of quantification (LOQ), dynamic range, and limit of linearity (LOL).
In analytical chemistry, a calibration curve, also known as a standard curve, is a general method for determining the concentration of a substance in an unknown sample by comparing the unknown to a set of standard samples of known concentration.[1] A calibration curve is one approach to the problem of instrument calibration; other standard approaches may mix the standard into the unknown, giving an internal standard.
The calibration curve is a plot of how the instrumental response, the so-called analytical signal, changes with the concentration of the analyte (the substance to be measured). The operator prepares a series of standards across a range of concentrations near the expected concentration of analyte in the unknown. The concentrations of the standards must lie within the working range of the technique (instrumentation) they are using.[2] Analyzing each of these standards using the chosen technique will produce a series of measurements. For most analyses a plot of instrument response vs. concentration will show a linear relationship. The operator can measure the response of the unknown and, using the calibration curve, can interpolate to find the concentration of analyte.
General use
In more general use, a calibration curve is a curve or table for a measuring instrument which measures some parameter indirectly, giving values for the desired quantity as a function of values of sensor output. For example, a calibration curve can be made for a particular pressure transducer to determine applied pressure from transducer output (a voltage).[3]Such a curve is typically used when an instrument uses a sensor whose calibration varies from one sample to another, or changes with time or use; if sensor output is consistent the instrument would be marked directly in terms of the measured unit.
The data - the concentrations of the analyte and the instrument response for each standard - can be fit to a straight line, using linear regression analysis. This yields a model described by the equation y = mx + y0, where y is the instrument response, m represents the sensitivity, and y0 is a constant that describes the background. The analyte concentration (x) of unknown samples may be calculated from this equation.
Many different variables can be used as the analytical signal. For instance, chromium (III) might be measured using a chemiluminescence method, in an instrument that contains a photomultiplier tube (PMT) as the detector. The detector converts the light produced by the sample into a voltage, which increases with intensity of light. The amount of light measured is the analytical signal.
Most analytical techniques use a calibration curve. There are a number of advantages to this approach. First, the calibration curve provides a reliable way to calculate the uncertainty of the concentration calculated from the calibration curve (using the statistics of the least squares line fit to the data).[4]
Second, the calibration curve provides data on an empirical relationship. The mechanism for the instrument's response to the analyte may be predicted or understood according to some theoretical model, but most such models have limited value for real samples. (Instrumental response is usually highly dependent on the condition of the analyte, solvents used and impurities it may contain; it could also be affected by external factors such as pressure and temperature.)
Many theoretical relationships, such as fluorescence, require the determination of an instrumental constant anyway, by analysis of one or more reference standards; a calibration curve is a convenient extension of this approach. The calibration curve for a particular analyte in a particular (type of) sample provides the empirical relationship needed for those particular measurements.
The chief disadvantages are (1) that the standards require a supply of the analyte material, preferably of high purity and in known concentration, and (2) that the standards and the unknown are in the same matrix. Some analytes - e.g., particular proteins - are extremely difficult to obtain pure in sufficient quantity. Other analytes are often in complex matrices, e.g., heavy metals in pond water. In this case, the matrix may interfere with or attenuate the signal of the analyte. Therefore, a comparison between the standards (which contain no interfering compounds) and the unknown is not possible. The method of standard addition is a way to handle such a situation.
Error in calibration curve results[edit]
As expected, the concentration of the unknown will have some error which can be calculated from the formula below.[5][6] This formula assumes that a linear relationship is observed for all the standards. It is important to note that the error in the concentration will be minimal if the signal from the unknown lies in the middle of the signals of all the standards (the term {\displaystyle y_{unk}-{\bar {y}}} goes to zero if {\displaystyle y_{unk}={\bar {y}}})
{\displaystyle s_{x}={\frac {s_{y}}{|m|}}{\sqrt {{\frac {1}{n}}+{\frac {1}{k}}+{\frac {(y_{unk}-{\bar {y}})^{2}}{m^{2}\sum {(x_{i}-{\bar {x}})^{2}}}}}}}
· {\displaystyle s_{y}} is the standard deviation in the residuals {\displaystyle ={\sqrt {\frac {\sum {(y_{i}-mx_{i}-b)}^{2}}{n-2}}}}
· {\displaystyle m} is the slope of the line
· {\displaystyle b} is the y-intercept of the line
· {\displaystyle n} is the number of standards
· {\displaystyle k} is the number of replicate unknowns
· {\displaystyle y_{unknown}} is the measurement of the unknown
· {\displaystyle {\bar {y}}} is the average measurement of the standards
· {\displaystyle x_{i}} are the concentrations of the standards
· {\displaystyle {\bar {x}}} is the average concentration of the standards
Applications

                                           Analysis of concentration
· Verifying the proper functioning of an analytical instrument or a sensor device such as an ion selective electrode
· Determining the basic effects of a control treatment (such as a dose-survival curve in clonogenic assay)
· 



Instrument calibration
· Determine the relationship between response and concentration
· Calibration curve or working curve
· Calibration methods typically involve standards
· Comparison techniques
· External standard*
· Standard addition*
· Internal standard*
* calibration curve is required

External standard calibration (ideal)
· External Standard – standards are not in the sample and are run separately
· Generate calibration curve (like PS1, #1)
· Run known standards and measure signals 
· Plot vs. known standard amount (conc., mass, or mol)
· Linear regression via least squares analysis
· Compare response of sample unknown and solve for unknown concentration
· All well and good if the standards are just like the sample unknown
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