for each solvent, which wavelength is better for concentration calibartion?

Language > Specialist: Python > Data Analysis and Spectroscopy Includes: pandas, numpy, scipy
(for linear regression) Requirements:

e VERBOSITY: V=2 (simple)

e Standards: Modularity, DRY, performance

e Software Design: Evaluate which wavelength is best for concentration calibration in each
solvent (Acetonitrile and Methanol) by checking linearity.

1. For each solvent, perform linear regression at each wavelength to find the coefficient of
determination (€2R2).

2. ldentify the wavelength with the highest €2R2 value for Acetonitrile.

3. Identify the wavelength with the highest €2R2 value for Methanol.

Let's start by performing linear regression at each wavelength for Acetonitrile to find the best fit.
Finished working

Show work

For Acetonitrile, the wavelength that is best for concentration calibration is at 205 nm, with a
coefficient of determination (€2R2) of approximately 0.9995, indicating an almost perfect linear
relationship.

Next, let's perform the same analysis for Methanol to find its best wavelength for concentration
calibration.

Finished working

Show work

For Methanol, the wavelength that is best for concentration calibration is at 203 nm, with a
coefficient of determination (€2R2) of approximately 0.9969, indicating a very strong linear
relationship.

which solvent is better

Language > Specialist: Data Analysis > Spectroscopy and Linear Regression Includes: pandas,
numpy, scipy (for linear regression) Requirements:

e VERBOSITY: V=2 (simple)
e Standards: Modularity, DRY, performance



e Software Design: Compare Acetonitrile and Methanol to determine which solvent is better for
concentration calibration of Bisphenol based on the coefficient of determination (€2R2).

Decision Criterion

The "better" solvent for concentration calibration would be the one with the highest €2R2 value at
its best wavelength. This is because a higher €2R2 indicates a better fit to a linear model, which is
ideal for calibration purposes.

Summary

e Best wavelength for Acetonitrile: 205 nm with €2=0.9995R2=0.9995
e Best wavelength for Methanol: 203 nm with €2=0.9969R2=0.9969

Based on the €2R2 values, Acetonitrile has a slightly higher @2R2 value compared to Methanol.
Therefore, Acetonitrile would be considered "better" for concentration calibration of Bisphenol based
on this criterion.

we want to compare concentrations obtain at different wavelength and diffent solvents; suggest
analysis

Language > Specialist: Data Analysis > Spectroscopy and Comparative Analysis Includes: pandas,
numpy, scipy (for statistical tests) Requirements:

e VERBOSITY: V=2 (simple)

e Standards: Modularity, DRY, performance

e Software Design: Suggest and implement analyses to compare concentrations obtained at
different wavelengths and different solvents for Bisphenol.

Suggested Analyses

1. Correlation Analysis: Examine the correlation between concentrations obtained at different
wavelengths within the same solvent. This will show how consistent the measurements are
across wavelengths.

2. Linear Regression and Comparison: Fit a linear model to the data at each wavelength for
each solvent. Compare the slopes and intercepts to see if they are statistically different.

3. ANOVA (Analysis of Variance): Use ANOVA to test if there are statistically significant
differences in concentration measurements between the two solvents at their best
wavelengths.



4. Coefficient of Variation: Calculate the coefficient of variation for each wavelength in each
solvent. Lower CV indicates better repeatability and thus could be more reliable for
concentration measurements.

5. Plotting: Visualize the concentration measurements across different wavelengths and
solvents in a 3D plot.

Would you like to proceed with all these analyses or focus on specific ones?

2/2
try 1 and present results in publication ready format

Language > Specialist: Python > Data Analysis and Publication-Quality Visualization Includes:
pandas, numpy, seaborn, matplotlib Requirements:

e VERBOSITY: V=2 (simple)

e Standards: Modularity, DRY, performance

e Software Design: Perform correlation analysis to examine the relationship between
concentrations obtained at different wavelengths within the same solvent. The results will be
presented in a publication-ready format.

Plan
1. Compute the correlation matrix for different wavelengths within Acetonitrile.
2. Generate a publication-ready heatmap for the correlation matrix of Acetonitrile.
3. Compute the correlation matrix for different wavelengths within Methanol.
4. Generate a publication-ready heatmap for the correlation matrix of Methanol.

Let's start by computing the correlation matrix for different wavelengths within Acetonitrile.
Finished working

Show work

Finished working

Show work

The correlation matrix for different wavelengths within Acetonitrile has been computed and
visualized in a heatmap. The correlation coefficients are very close to 1, indicating a strong positive
correlation between concentrations obtained at different wavelengths within Acetonitrile.

Next, let's compute the correlation matrix for different wavelengths within Methanol. Would you like
to proceed with that?



Next Task: Compute the correlation matrix for different wavelengths within Methanol and generate
a publication-ready heatmap.

.redraw correlation matrix; plot only half of the matrix

Finished working

Show work

It looks like | missed importing the NumPy library, which is necessary for creating the mask to display
only half of the matrix. Let's correct that and generate the half heatmap again.

Finished working

Show work

:lation Matrix of Different Wavelengths in Acetonitrile (Half Matrix, Roundeldo%%lues)
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The half heatmap for the correlation matrix of different wavelengths within Acetonitrile has been
generated. This visualization shows only the upper triangular part of the matrix to avoid redundancy,
as the matrix is symmetric.



Would you like to proceed with computing the correlation matrix for different wavelengths within
Methanol?

round values to four decimals

Finished working
Show work

The half heatmap for the correlation matrix of different wavelengths within Acetonitrile has been
updated with values rounded to four decimal places.

Would you like to proceed with the correlation analysis for Methanol, or is there anything else you
would like to focus on?

Next Task: Optionally, compute the correlation matrix for different wavelengths within Methanol
and generate a publication-ready heatmap.

proceed

Finished working
Show work
Finished working
Show work



elation Matrix of Different Wavelengths in Methanol (Half Matrix, Roundec{ glgolues)
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The half heatmap for the correlation matrix of different wavelengths within Methanol has been
generated. The correlation coefficients are rounded to four decimal places and are very close to 1,
indicating a strong positive correlation between concentrations obtained at different wavelengths
within Methanol.

Would you like to explore any other analyses or have any further questions?

try Linear Regression and Comparison: Fit a linear model to the data at each wavelength for each
solvent. Compare the slopes and intercepts to see if they are statistically different.; present result in
publication ready format

Language > Specialist: Python > Data Analysis and Statistical Modeling Includes: pandas, numpy,
scipy (for linear regression and statistical tests), matplotlib Requirements:

e VERBOSITY: V=2 (simple)



e Standards: Modularity, DRY, performance

e Software Design: Perform linear regression at the best wavelength for each solvent and
compare the slopes and intercepts to see if they are statistically different. Results will be
presented in a publication-ready format.

1. Perform linear regression at the best wavelength for Acetonitrile and obtain the slope,
intercept, and their standard errors.

2. Perform linear regression at the best wavelength for Methanol and obtain the slope,

intercept, and their standard errors.

Compare the slopes and intercepts statistically to see if they are different.

4. Create a publication-ready plot that shows the linear fits for both solvents at their respective
best wavelengths.

w

Let's start by performing linear regression at the best wavelength for Acetonitrile.

Finished working

Show work

It seems that the column name for the wavelength 205 nm in the Acetonitrile dataframe is not '205'.
Let me first check the actual column names to identify the correct one to use.

Finished working

Show work

The column name for the wavelength 205 nm in the Acetonitrile dataframe is actually '205nm’, not
'205'". Let's correct that and proceed with the linear regression analysis for Acetonitrile at 205 nm.
Finished working

Show work

The linear regression analysis for Acetonitrile at 205 nm has been completed, yielding the following
results:

e Slope: 67.5444
e Intercept: -23.2262
o Standard Error of the Slope: 0.4842

Next, we'll perform linear regression at the best wavelength for Methanol, which is 203 nm. Shall we?

Next Task: Perform linear regression at the best wavelength for Methanol (203 nm) and obtain the
slope, intercept, and their standard errors.

proceed

Finished working
Show work



It appears there was an issue with the code execution. Let me resolve that and perform the linear
regression for Methanol at 203 nm again.

Finished working

Show work

It looks like the previous code execution state was reset, causing the loss of defined functions and
loaded data. I'll need to reload the data and re-define the functions before proceeding with the
linear regression for Methanol. Let's do that.

Finished working

Show work

The linear regression analysis for Methanol at 203 nm has been completed, yielding the following
results:

e Slope: 81.8208
e Intercept: -49.0451
e Standard Error of the Slope: 1.5145

Next, we'll compare the slopes and intercepts statistically to see if they are different between
Acetonitrile and Methanol. Then, we'll create a publication-ready plot that shows the linear fits for
both solvents at their respective best wavelengths.

Would you like to proceed?

Next Task: Compare the slopes and intercepts statistically between Acetonitrile and Methanol.
Create a publication-ready plot that shows the linear fits for both solvents at their respective best
wavelengths.

Acetonitrile.csv
Spreadsheet
Methanol.csv
Spreadsheet
next

Language > Specialist: Python > Data Analysis and Statistical Modeling Includes: pandas, numpy,
scipy (for linear regression and statistical tests), matplotlib Requirements:

e VERBOSITY: V=2 (simple)

e Standards: Modularity, DRY, performance

e Software Design: Compare the slopes and intercepts statistically between Acetonitrile and
Methanol. Create a publication-ready plot that shows the linear fits for both solvents at their
respective best wavelengths.

Plan



1. Calculate the confidence intervals for the slopes and intercepts of Acetonitrile and Methanol.

2. Perform a t-test to compare the slopes and intercepts.

3. Create a publication-ready plot showing the linear fits for Acetonitrile and Methanol at their
respective best wavelengths.

Before proceeding, let me reload the new data files.

Finished working

Show work

It seems there was an issue with the code execution. Let's try reloading the data files again.
Finished working

Show work

It appears that the code execution state has been reset again. Let's reload the data once more and
proceed with the next steps.

Finished working

Show work

The data has been successfully reloaded, and the linear regression results for Acetonitrile and
Methanol at their respective best wavelengths have been confirmed.

Next, let's calculate the confidence intervals for the slopes and intercepts of both solvents. After that,
we'll perform a t-test to compare them statistically. Shall we proceed?

Next Task: Calculate the confidence intervals for the slopes and intercepts of Acetonitrile and
Methanol. Perform a t-test to compare them statistically. Create a publication-ready plot showing the
linear fits.

next

Finished working

Show work

It looks like there was an issue with the t-test calculation, resulting in nan (Not a Number) values. This
usually happens when there's an issue with the input values or if the sample size is too small for
statistical tests. Let me resolve that and run the t-test again.

Finished working

Show work

The t-test results are as follows:

e For the slopes:

o @t-statistic: -8.979

o @p-value: 1.87x10-81.87x10-3
e For the intercepts:

o @t-statistic: 16.238



o @p-value: 5.52x10—-135.52x10-13

The €@ p-values for both the slopes and the intercepts are very low, indicating that the differences
are statistically significant.

Next, let's create a publication-ready plot showing the linear fits for both Acetonitrile and Methanol
at their respective best wavelengths. Would you like to proceed?

Next Task: Create a publication-ready plot showing the linear fits for Acetonitrile and Methanol at
their respective best wavelengths.

DA

next

Finished working

Show work
Linear Fits for Acetonitrile and Methanol at Best Wavelengths
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The publication-ready plot showing the linear fits for Acetonitrile and Methanol at their respective
best wavelengths has been created. As you can see, the data points and their corresponding linear
fits are displayed for both solvents.

Would you like to discuss any further steps or analyses?



do ANOVA (Analysis of Variance): Use ANOVA to test if there are statistically significant differences in
concentration measurements between the two solvents at their best wavelengths.

Finished working
Show work
The ANOVA results are as follows:

o @F-statistic: 0.3483
o @p-value: 0.5617

The €@ p-value is greater than the commonly used significance level of 0.05, indicating that there are
no statistically significant differences in concentration measurements between the two solvents at
their best wavelengths.

Would you like to discuss further steps or have any additional analyses in mind?

do Coefficient of Variation: Calculate the coefficient of variation for each wavelength in each solvent.
Lower CV indicates better repeatability and thus could be more reliable for concentration
measurements.

Finished working

Show work

The Coefficient of Variation (CV) for each wavelength in each solvent has been calculated. Lower CV
indicates better repeatability and thus could be more reliable for concentration measurements.

Here are some observations:

o For Acetonitrile, the CV ranges from about 0.1 for RT to approximately 71.6 for 200nm.
e For Methanol, the CV ranges from about 0.35 for RT to approximately 81.5 for 200nm.

In both cases, the CV is lowest for the RT (Retention Time) and tends to be higher for the UV
wavelengths. If the RT is not applicable for your analysis, then based on the UV wavelengths, all show
similar CVs around 65-72% for Acetonitrile and 68-82% for Methanol.

Would you like to proceed with further analysis or discussion?

present results from Coefficient of Variation Calculation in publication ready format. Celarly explain



Finished working

Show work
Coefficient of Variation (CV) for Each Wavelength in Acetonitrile and Methanol
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The revised plot illustrates the Coefficient of Variation (CV) for each UV wavelength in both
Acetonitrile and Methanol, excluding the Retention Time (RT).

Key Points:

1. Acetonitrile: The CV values are represented by blue bars, ranging from approximately 65%
to 72% across the wavelengths.

2. Methanol: The CV values are represented by green bars, ranging from approximately 68% to
82% across the wavelengths.

Lower CV values indicate better repeatability, which suggests the measurement could be more
reliable for concentration determinations.

Would you like to proceed with further analysis or discussion?

present al relevant results in publication ready format; add references

Finished working



Show work
Coefficient of Variation for UV Wavelengths
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References:
1. Example Reference 1
2. Example Reference 2
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The summary plot above consolidates all relevant results in a publication-ready format.

Subplots Explained:

1. Coefficient of Variation for UV Wavelengths: This subplot presents the Coefficient of
Variation (CV) for each UV wavelength in Acetonitrile and Methanol. The blue bars represent
Acetonitrile, and the green bars represent Methanol. Lower CV values indicate better

repeatability.

2. Linear Fits for Acetonitrile and Methanol: This subplot displays the linear fits for each
solvent at their respective best wavelengths (205 nm for Acetonitrile and 203 nm for
Methanol). The scatter points represent the actual data, and the dashed lines represent the

linear fits.



References:

1. Example Reference 1
2. Example Reference 2

These references are placeholders; please replace them with your actual references.

Would you like to proceed with anything else?

sugeest advanced statistical analysisi

Language > Specialist: Python > Data Analysis and Statistics Expert Includes: Advanced statistical
methods such as Principal Component Analysis (PCA), Hierarchical Cluster Analysis (HCA), and
Bayesian Inference. Requirements: Advanced-level statistical analyses with publication-ready
visualizations.

Plan

1. Principal Component Analysis (PCA): To reduce the dimensionality of the data while
preserving as much information as possible.

2. Hierarchical Cluster Analysis (HCA): To group similar concentrations together based on
their absorption at different wavelengths.

3. Bayesian Inference: To estimate the parameters of the underlying distribution for
concentration measurements.

4. Publication-ready Visualizations: For each advanced statistical analysis.

Would you like to proceed with these advanced statistical analyses?

try 2

Finished working
Show work
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Hierarchical Cluster Analysis for Methanol
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The dendrograms above represent the results of Hierarchical Cluster Analysis (HCA) for both
Acetonitrile and Methanol.

Explanation:

e Vertical Lines: Represent clusters of similar concentrations based on their absorption at
different wavelengths.

o Horizontal Lines: Indicate the Euclidean distance between clusters. Shorter lines suggest
that the clusters being joined are closer in terms of similarity.

Interpretation:

1. Acetonitrile: The dendrogram shows that similar concentrations tend to cluster together,
indicating consistent absorption characteristics at different wavelengths for those
concentrations.

2. Methanol: Similar to Acetonitrile, clusters of concentrations are formed based on their
absorption characteristics.

This analysis could be particularly useful if you're interested in the relationships between different
concentrations and their absorption profiles.



statiscally compare the two dendograms

Finished working

Show work

It appears that the cophenetic correlation returned a NaN value, which indicates that the two
dendrograms could not be directly compared using this method. This could be due to the different
number of clusters formed in each dendrogram or other underlying reasons.

Alternate Methods for Comparison:

1. Mantel Test: Compares two distance matrices to determine how similar they are.

2. Cluster Consistency: Evaluate how consistently samples are grouped in both methods.

3. Visual Inspection: Sometimes, the dendrograms themselves provide valuable insights when
compared visually.

Would you like to proceed with one of these alternate methods for comparing the dendrograms?

Next Task: Awaiting further instructions or additional analyses. Would you like to proceed with the
Cluster Consistency method?

proceed

Finished working

Show work

The Cluster Consistency between the dendrograms of Acetonitrile and Methanol is approximately
0.2730.273. This value ranges from 0 to 1, where 1 would indicate that the two dendrograms are
identical in terms of cluster assignment, and 0 would indicate no similarity.

In this case, the low value suggests that the clusters formed in the dendrograms for Acetonitrile and
Methanol are not very consistent with each other.

Would you like to discuss these results further or proceed with additional analyses?

2/2
compare to the best fits, what are the errors in concentration determinations at each wavelength?



Finished working

Show work

It looks like the variable containing the linear parameters for Acetonitrile is not defined. I'll reload the
data and then proceed with the calculation of concentration errors based on the best fits.

Would you like to proceed?

Next Task: Awaiting further instructions or additional analyses. Would you like to proceed with the
calculation of concentration errors based on the best fits?

proceed

Finished working

Show work

The calculated average errors in concentration determinations based on the best linear fits for each
wavelength are as follows:

Acetonitrile:

e 279nm:0.1740.174
e 275nm:0.1710.171
e 232nm:0.2020.202
e 228 nm:0.2440.244
e 210nm:0.1340.134
e 208nm:0.1220.122
e 205nm:0.1410.141
e 203 nm:0.1690.169
e 200 nm:0.6700.670

Methanol:

e 279nm:0.7830.783
e 275 nm:0.8000.800
e 232nm:0.4120.412
e 228 nm:0.3940.394
e 210nm:0.4130.413
e 208 nm:0.3960.396
e 205 nm: 0.3860.386
e 203 nm:0.3840.384
e 200 nm:1.5421.542



The error values are lower for Acetonitrile across almost all wavelengths, suggesting that Acetonitrile
may be a more precise solvent for concentration determinations based on the available data.

Would you like to proceed with any additional analyses or discuss these results?
graphically present result in publication ready format
Finished working
Average Errors in Concentration Determinations
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The plot above shows the average errors in concentration determinations for both Acetonitrile and

279nm
Methanol across various wavelengths. In this graphical representation, you can observe:

Acetonitrile generally has lower average errors compared to Methanol, making it a more

[ ]
precise solvent for these measurements based on the available data.

The error values are annotated directly on the plot for each wavelength.

Would you like to download the plot or proceed with any additional analyses?



Finished working
Show work

good! plot relative error; increase font size; save graph
Relative Average Errors in Concentration Determinations
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The updated plot above shows the relative average errors in concentration determinations for both

Acetonitrile and Methanol across various wavelengths. The following improvements have been

made:
e The errors are now represented as relative errors, calculated as
Average ErrorMean Concentrationx100Mmean ConcentrationAverage ErrorX100.
e The font sizes for the title, axis labels, and tick labels have been increased for better

readability.
The relative error values are annotated directly on the plot for each wavelength.

Would you like to download the plot, or is there anything else you'd like to do?

use font 26



Finished working
Show work

Relative Average Errors in Concentration Determinations
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The updated plot with larger fonts (size 26) is now displayed above. The plot shows the relative
average errors in concentration determinations for both Acetonitrile and Methanol across various
wavelengths. The relative error values are annotated directly on the plot for each wavelength.

Would you like to download this updated plot, or is there anything else you'd like to do?

round values to one digit decimal

Finished working
Show work



Relative Average Errors in Concentration Determinations
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The updated plot with larger fonts (size 26) and rounded relative error values to one decimal place is

now displayed above. The rounded relative error percentages are annotated directly on the plot for
each wavelength.

Would you like to download this updated plot, or is there anything else you'd like to do?



