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Abstract: 

A simple, sensitive, and cost-effective indirect spectrophotometric method was developed and  

validated for the quantitative determination of Ciprofloxacin, Pantoprazole Sodium Sesquihydrate, 

Atorvastatin Calcium, and Rosuvastatin Calcium in bulk drugs and pharmaceutical formulations. The method 

is based on the oxidation of the selected drugs with a measured excess of Cerium (IV) Ammonium Sulphate 

in Sulphuric acid medium, followed by the spectrophotometric determination of the residual oxidant using 

indigo carmine dye. Experimental conditions, including acid concentration and reaction time, were 

systematically optimized to achieve maximum sensitivity and stable analytical response. The proposed 

method exhibited excellent linearity within the respective Beer’s law ranges and was validated according to 

International Council for Harmonisation (ICH) guidelines for accuracy, precision, limit of detection, limit of 

quantification, robustness, and ruggedness. Recovery studies demonstrated excellent accuracy and confirmed 

the absence of interference from common pharmaceutical excipients. Owing to its simplicity, rapid analysis, 

low operational cost, and reliable performance, the proposed method provides an efficient alternative to 

sophisticated instrumental techniques and is well suited for routine quality control analysis of pharmaceutical 

formulations. 

 

Keywords: Indirect Spectrophotometry; Cerium (IV); Indigo Carmine; Pharmaceutical analysis; Method 

validation. 

 

I. INTRODUCTION 

The development of simple, rapid, and reliable analytical methods for pharmaceutical quality control remains 

an important area of research in pharmaceutical and analytical chemistry. Although chromatographic 

techniques such as High-Performance Liquid Chromatography (HPLC), Ultra-Performance Liquid 

Chromatography (UPLC), and Liquid Chromatography–Mass Spectrometry (LC–MS/MS) provide excellent 

sensitivity and selectivity, their routine application is often limited by expensive instrumentation, complex 

sample preparation, high solvent consumption, and longer analysis time. Consequently, visible 

spectrophotometric methods continue to attract considerable interest because of their simplicity, affordability, 

operational convenience, and suitability for routine quality control laboratories. 

Ciprofloxacin (CIP) [1-6]], Pantoprazole Sodium Sesquihydrate (PNT),[1-6] Atorvastatin Calcium (ATV)[1-

2], and Rosuvastatin calcium (ROSU) [1-2, 34-35]are widely prescribed therapeutic agents used for the 
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treatment of bacterial infections, acid-related gastrointestinal disorders, hypercholesterolemia, and 

dyslipidemia, respectively. Owing to their extensive clinical use, the development of accurate and reliable 

analytical methods for their quantitative determination in bulk drugs and pharmaceutical formulations is 

essential to ensure product quality, efficacy, and patient safety. 

Several analytical procedures have been reported for the estimation of these drugs, including UV-Visible 

Spectrophotometry[8, 16-19,32,39-42] HPLC[7, 24-26, 30-31, 43-46, 52]] RP-HPLC[9,20,21,53-56  

27-29,43-46,47-48]] HPTLC[22,49], UPLC[11], LC–MS/MS, spectrofluorimetry[23], FTIR 

spectroscopy[12,13], Voltammetry[14,50] Turbiditry Method [10], Microbiological assays[15,33] and LC–

MS/MS with Electrospray ionization method [36-38],  Although these methods offer satisfactory analytical 

performance, many require sophisticated instrumentation, skilled personnel, lengthy analytical procedures, or 

high operational costs, which restrict their routine application in laboratories with limited resources. 

Oxidation-based spectrophotometric methods offer a simple, sensitive, and reproducible approach for 

pharmaceutical analysis. Cerium(IV), owing to its high oxidation potential and stable reaction kinetics in 

acidic medium, is an effective oxidising agent for indirect spectrophotometric determination using 

chromogenic dyes such as Indigo Carmine. Although several analytical methods have been reported for 

Ciprofloxacin, Pantoprazole Sodium Sesquihydrate, Atorvastatin Calcium, and Rosuvastatin Calcium, a 

validated Cerium(IV)–Indigo Carmine method for their quantitative estimation has not been reported. 

Therefore, the present study develops and validates a rapid, economical, and sensitive indirect 

spectrophotometric method in accordance with ICH guidelines and demonstrates its applicability for the 

routine analysis of pharmaceutical formulations. 

 

Table 1: Comparison Of Various Existing Methods Used For Quantification Of Four Drugs 

S.No. Drug Method Quantification limit %RSD 

1 Ciprofloxacin 

HPLC 4.0-24.0 (μg ml-1) 1.00 

HPLC 150-900 (μg ml-1) 0.19 

UPLC 6.33-50.69 (μg ml-

1) 
0.18 

Turbidimetry 14.0-56.0 (μg ml-1) 1.85 

RP-HPLC 3.0-18.0 (μg ml-1) 1.50 

UV 

Spectrophotometry 

10.0-35.0( μg ml-1) 
0.75 

2 

Pantoprazole 

Sodium 

Sesquihydrate 

HPLC 1.0-10.0 (μg ml-1) 1.82 

RP-HPLC 15.0-75.0( μg ml-1) 0.73 

RP-HPLC 2.6-13.0 (μg ml-1) 0. 

UV 

Spectrophotometry 

10.0-50.0( μg ml-1) 
0.64 

UV 

Spectrophotometry 

2.5-50.0 (μg ml-1) 
1.85 

UV 

Spectrophotometry 

2.0-20.0 (μg ml-1) 
0.75 

3 
Atrovastatin 

Calcium 

HPLC 4.0-24.0 (μg ml-1) 1.69 

HPTLC 200-1200(ng/spot) 0.38 

RP-HPLC 50.0-150.0( μg ml-

1) 
0.57 

RP-HPLC 8.13-23.77 (μg ml-

1) 
0.63 
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UV 

Spectrophotometry 

4.0-24.0 (μg ml-1) 
0.39 

4 
Rosuvastatin 

Calcium 

RP-HPLC 3.0-1602 (μg ml-1) 0.92 

RP-HPLC 1-160 (μg ml-1) 0.84 

HPLC 5-20 (μg ml-1) 0.79 

HPTLC 11-33.56( μg ml-1) 0.93 

UV 

Spectrophotometry 

5-30 (μg ml-1) 
0.56 

UV 

Spectrophotometry 

5-35 (μg ml-1) 
0.29 

 

II.PRINCIPLE OF THE METHOD 

Cerium(IV) is a strong oxidizing agent (E° = 1.44 V) widely used in pharmaceutical analysis because of its 

high oxidation efficiency and stability in acidic medium. The proposed indirect spectrophotometric method 

is based on the oxidation of the selected drugs with a measured excess of Cerium(IV) Ammonium Sulphate 

in Sulphuric acid medium, followed by the determination of the residual oxidant using Indigo Carmine dye. 

Unreacted Cerium(IV) oxidizes Indigo Carmine 

, and the absorbance of the remaining dye is measured at 610 nm. As the concentration of the drug increases, 

more Cerium(IV) is consumed during oxidation, leaving less oxidant available to react with the dye, resulting 

in a proportional increase in absorbance. This relationship forms the basis for the quantitative determination 

of the selected pharmaceutical compounds. 

Among the chromogenic dyes commonly employed in Cerium(IV)-based spectrophotometric methods, indigo 

carmine was selected because of its superior sensitivity, colour stability, and reproducibility, making the 

proposed method simple, accurate, and suitable for routine pharmaceutical quality control analysis. 

 

Structure of Drugs 

 
Fig 1 Ciprofloxacin    Fig. 2 Pantoprazole Sodium Sesquihydrate 

 
Fig.3 Atrovastatin Calcium    Fig.4 Rosuvastatin Calcium 
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III. EXPERIMENTAL 

3.1. Instrumentation 

Absorbance measurements were carried out using ELICO SL-210 double-beam, Thermo Nicolet 1000, and 

ELICO SL-159 UV–Visible spectrophotometers equipped with 10 mm quartz cells. Sample weighing was 

performed using a Dhona 200 single-pan electronic balance. 

3.2. Chemicals and Reagents 

All chemicals and reagents were of analytical reagent (AR) grade, and bidistilled water was used throughout 

the study. 

Cerium(IV) solution: Cerium(IV) Sulphate (750 mg, CeSO₄·2H₂O, 99.9%; Merck, Mumbai, India) was 

dissolved in 2 M Sulphuric acid with gentle heating, filtered through glass wool, diluted to 250 mL with the 

same acid, and standardized using Ferrous Ammonium Sulphate with Ferroin indicator. A working solution 

of 4.0 × 10⁻³ M (0.25%) was prepared by appropriate dilution. 

Indigo Carmine solution: A stock solution (1000 μg mL⁻¹) was prepared by dissolving 112 mg of Indigo 

Carmine (Sigma-Aldrich, 90% purity) in bidistilled water and diluting to 100 mL. A working solution of 200 

μg mL⁻¹ was obtained by suitable dilution. 

Sulphuric acid: A 2 M H₂SO₄ solution was prepared by diluting concentrated Sulphuric acid (Merck, 

Mumbai, India; 98%, sp. gr. 1.84) with distilled water. 

3.3. Preparation of Standard Drug Solutions 

Standard stock solutions (200 μg mL⁻¹) of Ciprofloxacin (CIP), Pantoprazole Sodium Sesquihydrate (PNT), 

Atorvastatin Calcium (ATV), and Rosuvastatin Calcium (ROSU) were prepared by accurately dissolving 20 

mg of each drug in an appropriate solvent and diluting to 100 mL in volumetric flasks. Working standard 

solutions were prepared by further dilution of the respective stock solutions with the corresponding solvent. 

 

IV. ANALYTICAL PROCEDURE 

Appropriate aliquots of standard drug solutions corresponding to concentration ranges of 1.2–8.4 μg mL⁻¹ 

(CIP), 1.6–11.2 μg mL⁻¹ (PNT), 1.8–12.6 μg mL⁻¹ (ATV), and 1.5–10.5 μg mL⁻¹ (ROSU) were transferred 

into separate 10 mL volumetric flasks. To each flask, 1.0 mL of Cerium(IV) Ammonium Sulphate (CAS) 

solution and 1.0 mL of 2 M Sulphuric acid were added, and the mixtures were thoroughly shaken. After 

allowing the oxidation reaction to proceed for 15 min at room temperature, 1.0 mL of 0.02% Indigo Carmine 

solution was added, and the solutions were diluted to volume with distilled water and mixed well. The 

absorbance was measured at 610 nm against a corresponding reagent blank. The concentration of each drug 

was determined from the respective calibration curve constructed under the optimized experimental 

conditions. 

 

V. ASSAY OF PURE DRUG SAMPLE 

The accuracy and precision of the proposed method were evaluated by analyzing pure drug samples within 

their respective Beer’s law concentration ranges: 1.2–8.4 μg mL⁻¹ for Ciprofloxacin (CIP), 1.6–11.2 μg 

mL⁻¹ for Pantoprazole Sodium Sesquihydrate (PNT), 3.0–21.0 μg mL⁻¹ for Atorvastatin Calcium 

(ATV), and 1.5–10.5 μg mL⁻¹ for Rosuvastatin Calcium (ROSU). Each solution was treated with 1.0 mL 

of Cerium(IV) Ammonium Sulphate solution (250 μg mL⁻¹) and 1.0 mL of 2 M Sulphuric acid, and the 

residual Cerium(IV) was determined using the optimized indigo carmine procedure described above. 

Calibration curves were constructed by plotting absorbance against drug concentration for each analyte. 

All measurements were performed in six replicates to evaluate the repeatability of the method. The relative 

response (absorbance-to-concentration ratio) was calculated for each determination, and responses within 95–

105% of the mean value were considered acceptable for constructing the calibration curves and assessing the 

analytical performance of the method. 
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Fig.5 Calibration curves of CIP, ROSU, PNT and ATV 

 

5.1 Procedure For Assay Of Pure Drug 

Pure drug samples within their respective Beer’s law concentration ranges were analyzed to evaluate the 

accuracy and precision of the proposed method. Recovery studies were performed at selected concentration 

levels, and the results are presented in Table 3. Precision was assessed from six replicate determinations and 

expressed as %RSD. Recovery values close to 100% and %RSD values below 2% confirmed the excellent 

accuracy, precision, and reliability of the developed method. 

 

VI. ANALYSIS OF PHARMACEUTICAL FORMULATIONS 

6.1 Commercial tablet formulations of Ciprofloxacin (CIPRO, 250 mg), Pantoprazole Sodium Sesquihydrate 

(40 mg), Atorvastatin Calcium (10 mg), and Rosuvastatin calcium (ROSUVAS, 20 mg) were accurately 

weighed and finely powdered. An amount of powder equivalent to 10 mg of the respective drug was 

transferred to a 100 mL volumetric flask and extracted with an appropriate solvent (double-distilled water for 

CIP and PNT; methanol for ATV and ROSU). For Atorvastatin and Rosuvastatin, the solutions were sonicated 

for 10 min to ensure complete dissolution. 

The resulting solutions were diluted to volume, mixed thoroughly, and filtered through Whatman No. 42 filter 

paper to obtain stock sample solutions. Appropriate aliquots were further diluted with the corresponding 

solvent to prepare working solutions for spectrophotometric analysis under the optimized experimental 

conditions. 

 

VII. METHOD OF VALIDATION 

The proposed method was validated according to ICH guidelines[51] for linearity, accuracy, precision, LOD, 

LOQ, selectivity, robustness, and ruggedness. Calibration curves were constructed by plotting absorbance 

against drug concentration. Accuracy and precision were assessed from six replicate analyses, yielding 

recoveries close to 100% with %RSD values below 2% (Table 3). LOD and LOQ were calculated using LOD 

= 3.3σ/S and LOQ = 10σ/S. Selectivity studies confirmed the absence of interference from common 

pharmaceutical excipients, while robustness and ruggedness evaluations under minor experimental variations 

showed no significant changes in analytical response, demonstrating the reliability and reproducibility of the 

proposed method. 
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VIII.OPTIMIZATION OF EXPERIMENTAL CONDITIONS 

4.1. Selection of Acid 

The influence of different acids, namely Sulphuric acid (H₂SO₄), Phosphoric acid (H₃PO₄), and Acetic acid 

(CH₃COOH), on the oxidation reaction was investigated. Among the acids tested, Sulphuric acid provided the 

highest and most stable absorbance and was therefore selected as the reaction medium for subsequent studies. 

4.2. Effect of Acid Concentration 

The effect of sulphuric acid concentration was evaluated using different acid strengths (0.5–2.5 M) and 

volumes (0.5–2.5 mL). Maximum absorbance was obtained with 1.0 mL of 2 M H₂SO₄ in the presence of 1.0 

mL of 4.0 × 10⁻³ M Cerium(IV) solution. Higher acid concentrations resulted in a decrease in absorbance; 

therefore, these optimized conditions were adopted for all measurements. 

4.3. Effect of Reaction Time 

The influence of reaction time was examined over the range of 2.5–20 min. The oxidation reaction reached 

completion within 15 min, producing maximum and stable absorbance. Hence, a reaction time of 15 min was 

selected for the proposed method. 

 

IX. ANALYSIS OF PHARMACEUTICAL FORMULATIONS 

The applicability of the proposed method was evaluated by analyzing commercial tablet formulations within 

their respective Beer’s law concentration ranges. Each analysis was performed in six replicates, and the results 

were expressed in terms of percentage recovery and relative standard deviation (%RSD). As summarized in 

Table 4, recovery values close to 100% and %RSD values below 2% confirmed the accuracy, precision, and 

suitability of the method for routine pharmaceutical quality control. 

 

X. RESULTS AND DISCUSSION 

The proposed indirect spectrophotometric method is based on the oxidation of the selected drugs by a 

measured excess of Cerium(IV) Ammonium Sulphate in an acidic medium, followed by the determination of 

the residual oxidant using indigo carmine dye. The remaining Cerium(IV) oxidizes Indigo Carmine, resulting 

in a decrease in dye concentration, while the unreacted dye exhibits a characteristic absorbance at 610 nm. 

As the concentration of the drug increases, a larger amount of Cerium(IV) is consumed during the oxidation 

process, leaving less oxidant available to react with indigo carmine. Consequently, the concentration of the 

residual dye increases, producing a proportional increase in absorbance. Under the optimized conditions, a 

linear relationship between absorbance and drug concentration was observed over the respective Beer’s law 

ranges for all four analytes. 

The oxidation reaction was efficiently carried out using 1.0 mL of 2 M sulphuric acid, which provided 

maximum and stable absorbance. The proposed reaction mechanism can be represented as follows: 

 

Drug + Excess Ce(IV) → Oxidized Drug + Ce(III) + Unreacted Ce(IV) 

Unreacted Ce(IV) + Indigo Carmine → Oxidized Dye + Residual Indigo Carmine 

 

The absorbance of the residual Indigo Carmine was measured at 610 nm, forming the basis for the quantitative 

determination of the selected pharmaceutical compounds. 

 

XI. ANALYTICAL DATA 

The analytical performance of the proposed method was evaluated by constructing calibration curves over the 

respective Beer’s law concentration ranges. A good linear relationship was observed between absorbance and 

drug concentration for all the selected drugs. The sensitivity of the method was assessed in terms of Sandell’s 
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Sensitivity, Limit of Detection (LOD), and Limit of Quantification (LOQ), which were calculated according 

to ICH guidelines and are summarized in Table 2. 

Regression analysis of the calibration data was performed using the least-squares method to determine the 

slope (b), intercept (a), and correlation coefficient (r). The high correlation coefficients obtained confirm the 

excellent linearity and reliability of the proposed spectrophotometric method for the quantitative 

determination of the selected pharmaceutical compounds. 

 

XII. ACCURACY AND PRECISION 

The accuracy and precision of the proposed method were evaluated using pure drug samples at six 

concentration levels. Accuracy was expressed as percentage recovery and relative error (%RE), while 

precision was assessed by relative standard deviation (%RSD). The results (Table 3) showed high recovery 

values and %RSD below 2%, confirming the accuracy, precision, and reproducibility of the method. 

 

XIII. ROBUSTNESS AND RUGGEDNESS 

The robustness of the proposed method was evaluated by introducing minor variations in Sulphuric acid 

volume and reaction time, while ruggedness was assessed using different analysts and spectrophotometers. 

No significant changes in absorbance or analytical performance were observed, confirming the robustness, 

ruggedness, and reproducibility of the method. 

 

XIVAPPLICATION TO PHARMACEUTICAL FORMULATIONS 

The proposed method was successfully applied to the analysis of commercial tablet formulations, yielding 

assay results in good agreement with the labeled claims and without interference from common excipients 

(Table 4). Statistical comparison with reported methods using Student’s t-test and F-test (Table 5) showed no 

significant difference at the 95% confidence level. Standard addition studies (50%, 100%, and 150% levels) 

produced satisfactory recoveries, confirming the accuracy, reliability, and suitability of the method for routine 

pharmaceutical quality control. 

 

XV.CONCLUSION 

A simple, sensitive, and validated indirect spectrophotometric method was developed for the quantitative 

determination of Ciprofloxacin, Pantoprazole Sodium Sesquihydrate, Atorvastatin Calcium, and Rosuvastatin 

Calcium in bulk drugs and pharmaceutical formulations. The proposed Cerium(IV)–Indigo Carmine system 

demonstrated excellent accuracy, precision, selectivity, and robustness, with no interference from common 

pharmaceutical excipients. Owing to its simplicity, rapid analysis, low cost, and reliable analytical 

performance, the method provides a practical alternative to sophisticated instrumental techniques and is well 

suited for routine quality control applications in pharmaceutical laboratories. 
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Table 2: Analytical And Regression Parameters Of Spectrophotometric Method 

Name of drug Property CIP PNT ATV ROSU 

λmax, nm 610 610 610 610 

Beer’s law limits (μg mL-1 ) 1.1-8.3 1.7-11.3 1.3-12.3 1.4-10.6 

Molar absorptivity 5.12x104 4.31x104 7.25x104 1.27X104 
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Sandell’s sensitivity (μg cm-2 

) 
0.0370 0.3229 0.017627 0.101525 

Variance  (Sa)2 0.0310 0.0023 0.00089 0.0011 

Limit of detection μg mL-1 1.8062 1.5102 1.8255 1.1682 

Limit of quantification μg 

mL-1 
5.4736 4.5756 5.5323 3.8127 

Regression equation, Y**     

Intercept, (a) 0.0027 0.0032 0.0215 0.0938 

Slope, (b) 0.0278 0.1016 0.0557 0.0114 

Correlation coefficient, (r) 0.9998 0.9999 0.9945 0.9903 

Standard deviation of 

intercept (Sa) 
0.0144 0.0461 0.0312 0.0324 

Standard deviation of slope 

(Sb) 
0.0013 0.0103 0.0073 0.0012 

*Limit of determination as the weight in µg per mL of solution, which corresponds to an absorbance of A = 

0.001 measured in a cuvette of cross-sectional area 1 cm2 and path length of 1 cm. Y** = a+bX, where Y is 

the absorbance and X concentration of drugs in µg per mL. 

 

Table 3: Determination Of Accuracy And Precision Of The Methods On Pure Drug Samples 

Drug 
Taken 

(μg/ml) 

Found 

(μg/ml) 
error (%) 

Recovery 

(%) 

RSD 

(%) 

Proposed method 

Mean ± SD 

CIP 

1.2 

2.0 

3.0 

1.18 

2.0 

3.02 

1.66 

0.00 

0.66 

98.33 

100.00 

100.66 

 

1.200 

99.66 

±1.201 

PNT 

2.0 

4.0 

6.0 

2.01 

3.9 

6.02 

0.50 

2.50 

2.00 

100.50 

97.50 

100.33 

 

1.382 

99.44 

±1.375 

ATV 

3.0 

6.0 

9.0 

2.95 

6.01 

9.02 

1.66 

0.16 

0.22 

98.33 

100.16 

100.22 

1.074 
99.57 

±1.074 

ROSU 

1.5 

3.0 

6.0 

1.51 

2.98 

5.92 

0.66 

0.66 

1.33 

100.66 

99.33 

98.66 

1.018 
99.55 

±1.018 

 

Table 4 Results of Assay of Tablets By The Proposed Methods And Statistical Evaluation And 

Recovery Experiments By Standard Addition Method. 

Tablets 

Drug 

in 

tablet 

μg 

mL-1 

Drug 

added 

μg 

mL-1 

Total 

found 

μg 

mL-1 

Error 

(%) 

Recover

y (%) 

RSD 

(%) 

Reference 

method 

Mean± SD 

Proposed 

method ± 

SD 

CIPRO 

(CIP) 

0.50 

0.50 

0.50 

1.2 

2.4 

3.0 

1.0 

2.0 

3.0 

0.0 

0.0 

0.0 

1.47 

2.48 

3.48 

1.21 

2.40 

3.02 

0.66 

0.80 

0.57 

0.83 

0.00 

0.66 

99.33 

99.20 

99.43 

100.83 

100.00 

99.33 

0.66285 
100.15 

±0.18 

99.69 

±0.6265 
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PANTO 

PRAZOLE 

(PNT) 

0.50 

0.50 

0.50 

2.0 

4.0 

6.0 

0.3 

0.6 

0.9 

0.0 

0.0 

0.0 

0.78 

1.11 

1.39 

2.00 

3.01 

5.97 

0.00 

0.90 

0.71 

0.00 

0.25 

0.50 

100.00 

100.90 

99.29 

100.00 

100.25 

99.50 

0.5704 98.16 ±1.15 
99.99 

±0.5703 

ATRO 

VASTATIN 

CALCIUM 

(ATV) 

0.50 

0.50 

0.50 

3.0 

6.0 

9.0 

1.0 

2.0 

3.0 

0.0 

0.0 

0.0 

1.49 

2.48 

3.50 

2.98 

6.01 

8.97 

0.66 

0.80 

0.00 

0.66 

0.16 

0.33 

99.33 

99.20 

100.00 

98.33 

100.16 

99.66 

0.6822 
100.03 

±0.409. 

99.62 

±0.6784 

ROSUVAS 

(ROSU) 

0.50 

0.50 

0.50 

2.0 

3.0 

4.5 

1.0 

2.0 

3.0 

0.0 

0.0 

0.0 

1.503 

2.52 

3.48 

1.985 

3.02 

4.45 

0.20 

0.80 

0.57 

0.75 

0.66 

1.11 

100.20 

100.80 

99.43 

99.25 

99.33 

98.88 

0.7137 
100 

±1.070 

99.65 

±0.7112 

 

Table 5: F-Test And t-Test Values 

 

CIPRO (CIP) 
PANTOPRAZOLE 

(PNT) 

ATROVASTATIN 

CALCIUM 

(ATV) 

ROSUVAS(ROSU) 

F-test* 
1.426 

(3.182) 

1.313 

(2.571) 

0.157 

(2.262) 

0.535 

(2.447) 

t-test** 
0.28 

(4.75) 

0.17 

(4.38) 

0.18 

(4.09) 

0.63 

(4.28) 

*t- test and **F-test values from literature. 
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