
Purpose 
Phytonadione injection contains an oil-like immiscible drug substance, which is mixed with surfactant, then further 
dispersed in an aqueous phase. Depending on the ratios of these ingredients and manufacturing conditions used, 
the final product may exist as a two-phase oil and water system, emulsion, or microemulsion. Consequently, these 
different dosage forms have inherently different physicochemical properties and thus necessitate different 
characterization and criteria for demonstrating equivalence. The impact of manufacturing process conditions (e.g., 
stir rate, shear, mixing equipment, directionality) on formulation dispersion state and particle size distribution 
(PSD) were examined. The objective of this study was to compare how different sources of surfactant and 
manufacturing processes impact the formulation dispersion state, PSD, and determination of product dosage form. 

Conclusions 

Results: Composition Effects 

Methods 

Results: Mixing Directionality Effects 

Disclaimer 

Three formulations were produced in-house maintaining the same formulation composition with the exception of 
the type of surfactant (i.e., PEG-30-castor oil, PEG-35-castor oil and PEG-40-castor oil). Each formulation was mixed 
under varying processing conditions, ranging from low shear (via magnetic stirrer) to high shear mixing (via 
homogenizer) as well as differing mixing directionality, either dispersed oil phase into continuous aqueous phase 
(O2A) or continuous aqueous phase into dispersed oil phase (A2O). PSD of formulations were measured by batch 
mode dynamic light scattering (DLS) (Wyatt Technology, DynaPro Plate Reader II) and compared to PSD as 
determined by asymmetrical flow field-flow fractionation with online multiangle light scattering (AF4-MALS) and 
online DLS (Wyatt Technology, Eclipse). A commercially available phytonadione injection product was used for PSD 
comparison. Three different polyethylene glycol (PEG)-n castor oil surfactants were used for formulation 
comparison (n = 30, 35, and 40). Formulation PSD was measured via DLS (DynaPro Plate Reader II, Wyatt 
Technologies, Santa Barbara, CA) as a function of time, including immediately following preparation and after 4 and 
24 hours. In addition, surface tension of formulations and placebo sample (i.e., micelles formed from three types 
surfactant and without API) were determined using drop shape 
analyzer(Krüss DSA-100, Hamburg, Germany, fitted with an 

oscillating drop module). Analysis of surface tension over a range 
of surfactant concentrations were used to determine the 
surfactant critical micelle concentration (CMC). 

For the phytonadione injection composition the nanoemulsion dispersion state represented a transient state for the system, which was limited by kinetic constraints like surfactant lability. With enough time and energy (thermal 
or mechanical) the phytonadione injection formulations reverted to the most energetically favored microemulsion dispersion state. Lastly, an interface directed pseudo-ternary phase diagram was constructed to elucidate the 
role of interfacial areas (e.g., via changes in manufacturing processes) on the dispersion states, which helped to explain the difference in the initial dispersion states of phytonadione formulations caused by switching the order of 
mixing continuous and dispersed phases. Based on the PSD of the inhouse produced samples as well as the employed processing conditions, phytonadione formulation is unlikely to be a kinetically stabilized emulsion. Instead, it 
appeared that phytonadione formulation is a thermodynamically stabilized system, such as microemulsions or micelles. 

Both the manufacturing process (i.e., mixing, temperature, etc.) and formulation composition (i.e., surfactant to oil 
ratio) can affect the initial dispersion state of the formulation, producing macro-, nano-, or micro- emulsions. 
Notably, both appearance (turbidity) and more quantitatively PSD were found to be useful surrogates for 
distinguishing nanoemulsions (broad PSD, turbid) from microemulsions (monodispersed PSD, translucent). For the 
formulation composition of phytonadione injection, varying processing conditions produced a spectrum of initial 
dispersion states (Figure 3). Comparison of number-based and intensity-based particle size distributions, form AF4 
and batch DLS respectively, helped to correlate formulation conditions for nanoemulsion formation and the 
observed onset of turbidity. All subsequent data presented here is for formulations using PEG-35-caster oil. 

Figure 2. Experimental setup for preparation of 
phytonadione injections at ambient temperature 
and under low shear. 

This poster reflects the views of the authors and should not be construed to represent FDA’s views or policies. 
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Figure 4. a) Particle sizes for formulations prepared at equ ifferent formulation directionality and 
mixing procedures, b) overlaid with Figure 2 batch particle sizes from DLS, with c) accompanying representative images. *Error bars: standard deviations (n=5)

Results: Thermodynamic vs Kinetic Stability 

Figure 6. Binary phase diagram for a fixed surfactant to oil 
ratio. Y-axis incorporates the magnitude of interfacial area 
generated during the mixing process. For each formulation 
composition such a diagram exists as a cut-plane through a 
traditional pseudo-ternary phase diagram, extending the 
diagram into a third dimension. Construction of an interface 
directed pseudo-ternary phase diagram can aid in the 
explanation of variations observed during formulation process. 

Figure 5. AF4 fractograms for formulation from 

   
 

 
    

 
    

 

        

         

   

 

 

 

 

 

 

 

Table1. Heating Stability Comparison In the A2O direction as the formulation passes through the PIC 
Figure 4 before and after incubation at 70°C for 30 the amount of shear experienced during interface Figure 3. a) Formulations prepared at differing ratios of surfactant to oil, showing minutes. UV-Vis detector response (yellow and light rearrangement dictates the resultant particle size distribution the transition of dispersion state from translucent to turbid. b) AF4 fractograms blue) with light scattering intensity at 90° from MALS and polydispersity. overlaying UV-Vis detector signals, showing a change in size and PDI as oil content (brown and dark blue) are overlaid with Figure 1. Diagram of formulation directionality, during processing is increased and the system transitions from a microemulsion to nanoemulsion. c) hydrodynamic radius from online DLS (scatter).  Use of low shear conditions in the A2O direction produces in the A2O direction the mixture passes through a phase inversion Overlay of particle hydrodynamic diameter as determined via either batch DLS and larger particle sizes with high PDI. composition (PIC) where the interface rearranges from water-in-oil Insets: Still images of formulations before (left) and

AF4-MALS-DLS, with number (n), weight (w), and intensity (z) averages from AF4 after (right). Particle sizes summarized in Table 1.  Use of high shear conditions in the A2O direction produces (W/O) to oil-in-water (O/W) dispersion, the resultant PSD is distribution. *Error bars: standard deviations (n=5)    lower particle sizes and PDI. strongly influenced by processing conditions (temperature, shear of 
mixing, etc.) during phase rearrangement. 

Results 

 

 

 

 

 

 

        

  
  

  
  

  
 

 
 

 
 

 
  

 


  

 
 
 
 

ivalent composition (surfactant to oil ratio, S:O = 2.8) using d

 


Chart1

		A2O 300rpm		30.33312		30.33312

		A2O 600rpm		21.38966		21.38966

		A2O Homo		43.5102		43.5102

		O2A Homo		0.6688		0.6688



Mixing Style

Hydrodynamic Diameter (z.nm)

182.4

114.2

76.2

15.2



Radius

		

				Sample ID		S:O Ratio		RzAvg				PDI %		R1				PDI %		R2				PDI %

				A2O Slow1		2.8		91.2				multi		6.43		0.57227		8.9		92.1		15.31623		16.63

				A2O Slow2		2.8		57.1				multi		8.24		1.40904		17.1		83.2		15.58336		18.73

				A2O Homo		2.8		38.1		21.7551		57.1		7.13		1.690523		23.71		72.97		19.110843		26.19

				O2A BulkMix		2.8		10.2		4.7022		46.1		7.5		0.5325		7.1		49.2		5.9532		12.1

				O2A Slow		2.8		7.6		0.3344		4.4		7.49		0.617176		8.24

				O2A Homo		2.8		7.5		0.06		0.8		7.63		0.637868		8.36

				O2A-1		1.9		8.5		0.527		6.2		8.91		1.67508		18.8

				O2A-2		1.4		9.5		0.114		1.2		9.66		0.853944		8.84

				O2A-3		1.1		11.2		0.9632		8.6		11.39		2.231301		19.59

				O2A-4		0.75		14.7		0.9261		6.3		15.93		3.789747		23.79

				O2A-5		0.5		19.2		0.7104		3.7		19.99		3.702148		18.52

				O2A-6		0.25		52.8		10.8768		20.6		69.27		39.664002		57.26

				O2A-7		0.25		52.5		9.5025		18.1		14.28		1.34232		9.4		59.47		18.108615		30.45

				A2O Homo		2.8		38.1		21.7551		57.1

				A2O Slow2		2.8		57.1

				A2O Slow1		2.8		91.2

				A2O-1		1.9		8.7		1.4529		16.7		9.3		2.0274		21.8

				A2O-2		1.4		9.6		0.4704		4.9		9.9		1.90179		19.21

				A2O-3		1.1		11.13		2.399628		21.56		10.83		1.810776		16.72

				A2O-4		0.75		17		3.638		21.4		22.2		11.6772		52.6

				A2O-5		0.5		37.2		8.8536		23.8		13.5		2.808		20.8		60.1		18.6911		31.1

				A2O-6		0.25		100.9		27.7475		27.5		16.1		1.1109		6.9		101.9		28.7358		28.2

				A2O-7		0.25		92.2		20.6528		22.4		8.69		0.586575		6.75		89.26		23.002302		25.77





Radius

		





Diameter

				0.06		0.06

				0.527		0.527

				0.114		0.114

				0.9632		0.9632

				0.9261		0.9261

				0.7104		0.7104

				10.8768		10.8768

				9.5025		9.5025





Surface Area

				1.4529		1.4529

				0.4704		0.4704

				2.399628		2.399628

				3.638		3.638

				8.8536		8.8536

				27.7475		27.7475

				20.6528		20.6528





O2A-AF4 Swollen

		

				Sample ID		S:O Ratio		Dz				RzAvg		PDI %		D1		R1				PDI %		D2		R2				PDI %

				A2O Slow1		2.8		182.4		30.33312		91.2		multi		12.86		6.43		1.14454		8.9		184.2		92.1		15.31623		16.63

				A2O Slow2		2.8		114.2		21.38966		57.1		multi		16.48		8.24		2.81808		17.1		166.4		83.2		15.58336		18.73

				A2O Homo		2.8		76.2		43.5102		38.1		57.1		14.26		7.13		3.381046		23.71		145.94		72.97		19.110843		26.19

				O2A BulkMix		2.8		20.4		9.4044		10.2		46.1		15		7.5		1.065		7.1		98.4		49.2		5.9532		12.1

				O2A Slow		2.8		15.2		0.6688		7.6		4.4		14.98		7.49		1.234352		8.24		0

				O2A Homo		2.8		15		0.12		7.5		0.8		15.26		7.63		1.275736		8.36		0

				O2A-1		1.9		17		1.054		8.5		6.2		17.82		8.91		3.35016		18.8		0

				O2A-2		1.4		19		0.228		9.5		1.2		19.32		9.66		1.707888		8.84		0

				O2A-3		1.1		22.4		1.9264		11.2		8.6		22.78		11.39		4.462602		19.59		0

				O2A-4		0.75		29.4		1.8522		14.7		6.3		31.86		15.93		7.579494		23.79		0

				O2A-5		0.5		38.4		1.4208		19.2		3.7		39.98		19.99		7.404296		18.52		0

				O2A-6		0.25		105.6		21.7536		52.8		20.6		138.54		69.27		79.328004		57.26		0

				O2A-7		0.25		105		19.005		52.5		18.1		28.56		14.28		2.68464		9.4		118.94		59.47		18.108615		30.45

				A2O Homo		2.8		76.2		43.5102		38.1		57.1		0				0				0

				A2O Slow2		2.8		114.2		0		57.1				0				0				0

				A2O Slow1		2.8		182.4		0		91.2				0				0				0

				A2O-1		1.9		17.4		2.9058		8.7		16.7		18.6		9.3		4.0548		21.8		0

				A2O-2		1.4		19.2		0.9408		9.6		4.9		19.8		9.9		3.80358		19.21		0

				A2O-3		1.1		22.26		4.799256		11.13		21.56		21.66		10.83		3.621552		16.72		0

				A2O-4		0.75		34		7.276		17		21.4		44.4		22.2		23.3544		52.6		0

				A2O-5		0.5		74.4		17.7072		37.2		23.8		27		13.5		5.616		20.8		120.2		60.1		18.6911		31.1

				A2O-6		0.25		201.8		55.495		100.9		27.5		32.2		16.1		2.2218		6.9		203.8		101.9		28.7358		28.2

				A2O-7		0.25		184.4		41.3056		92.2		22.4		17.38		8.69		1.17315		6.75		178.52		89.26		23.002302		25.77





O2A-AF4 Swollen

		





				0.12		0.12

				1.054		1.054

				0.228		0.228

				1.9264		1.9264

				1.8522		1.8522

				1.4208		1.4208

				21.7536		21.7536

				19.005		19.005



O2A



				2.9058		2.9058

				0.9408		0.9408

				4.799256		4.799256

				7.276		7.276

				17.7072		17.7072

				55.495		55.495

				41.3056		41.3056



A2O



						0.12		0.12		0.12		0.12

						1.054		1.054		1.054		1.054

						0.228		0.228		0.228		0.228

						1.9264		1.9264		1.9264		1.9264

						1.8522		1.8522		1.8522		1.8522

						1.4208		1.4208		1.4208		1.4208

						21.7536		21.7536		21.7536		21.7536

						19.005		19.005		19.005		19.005





						30.33312		30.33312		30.33312		30.33312

						21.38966		21.38966		21.38966		21.38966

						43.5102		43.5102		43.5102		43.5102



O2A



						30.33312		30.33312		30.33312		30.33312

						21.38966		21.38966		21.38966		21.38966

						43.5102		43.5102		43.5102		43.5102



O2A v A2O



																				Specific

																				Surface area…..????				#Surf/Particle		nm2		nm3

														Sample ID		S:O Ratio						#of Particles		Nagg		SA		Volume		SA/V				Dz		sigmaAbs		RzAvg		PDI %		D1		R1				PDI %		D2		R2				PDI %

														A2O Slow1		2.8		0.7368421053		1.31732130225935E+23		1.26035292647033E+18		101096		104520.0		3177409.0		3.29E-02		3.04E+01		182.4		30.33312		91.2		multi		12.86		6.43		1.14454		8.9		184.2		92.1		15.31623		16.63

						Gamma		Molecules/m2		Molecules/nm2				A2O Slow2		2.8		0.7368421053		1.31732130225935E+23		3.21521214961965E+18		39629		40971.5		779824.6		5.25E-02		1.90E+01		114.2		21.38966		57.1		multi		16.48		8.24		2.81808		17.1		166.4		83.2		15.58336		18.73

						mol/m2								A2O Homo		2.8		0.7368421053		1.31732130225935E+23		7.22157455841543E+18		17644		18241.5		231666.7		7.87E-02		1.27E+01		76.2		43.5102		38.1		57.1		14.26		7.13		3.381046		23.71		145.94		72.97		19.110843		26.19

				Kolliphor 35		0.0000016067		9.67244496051009E+17		0.9672444961				O2A BulkMix		2.8		0.7368421053		1.31732130225935E+23		1.00758456792978E+20		1265		1307.4		4445.2		2.94E-01		3.40E+00		20.4		9.4044		10.2		46.1		15		7.5		1.065		7.1		98.4		49.2		5.9532		12.1

														O2A Slow		2.8		0.7368421053		1.31732130225935E+23		1.81490821411728E+20		702		725.8		1838.8		3.95E-01		2.53E+00		15.2		0.6688		7.6		4.4		14.98		7.49		1.234352		8.24		0

								area/molecule		area/molecule				O2A Homo		2.8		0.7368421053		1.31732130225935E+23		1.86362841684292E+20		684		706.9		1767.1		4.00E-01		2.50E+00		15		0.12		7.5		0.8		15.26		7.63		1.275736		8.36		0

						nm2/#		1.0338647613		1.0338647613				O2A-1		1.9		0.6551724138		1.31732130225935E+23		1.45092177781888E+20		878		907.9		2572.4		3.53E-01		2.83E+00		17		1.054		8.5		6.2		17.82		8.91		3.35016		18.8		0

														O2A-2		1.4		0.5833333333		1.31732130225935E+23		1.16154125703506E+20		1097		1134.1		3591.4		3.16E-01		3.17E+00		19		0.228		9.5		1.2		19.32		9.66		1.707888		8.84		0

						g/mol		1630		~cmc				O2A-3		1.1		0.5238095238		1.31732130225935E+23		8.35691154714718E+19		1525		1576.3		5884.9		2.68E-01		3.73E+00		22.4		1.9264		11.2		8.6		22.78		11.39		4.462602		19.59		0

						mg/mL		70		1				O2A-4		0.75		0.4285714286		1.31732130225935E+23		4.85117767816253E+19		2627		2715.5		13305.8		2.04E-01		4.90E+00		29.4		1.8522		14.7		6.3		31.86		15.93		7.579494		23.79		0

						mL		5		5				O2A-5		0.5		0.3333333333		1.31732130225935E+23		2.84367129034869E+19		4481		4632.5		29647.8		1.56E-01		6.40E+00		38.4		1.4208		19.2		3.7		39.98		19.99		7.404296		18.52		0

						Molar		0.2147239264		0.0030674847				O2A-6		0.25		0.2		1.31732130225935E+23		3.76022649963464E+18		33886		35033.0		616581.3		5.68E-02		1.76E+01		105.6		21.7536		52.8		20.6		138.54		69.27		79.328004		57.26		0

						Number		1.29263803680982E+23		1.84662576687117E+21				O2A-7		0.25		0.2		1.31732130225935E+23		3.80332329967943E+18		33502		34636.1		606131.0		5.71E-02		1.75E+01		105		19.005		52.5		18.1		28.56		14.28		2.68464		9.4		118.94		59.47		18.108615		30.45

				Surf for Micelles in 5mL				Final		1.2741717791411E+23				A2O Homo		2.8		0.7368421053		1.31732130225935E+23		7.22157455841543E+18		17644		18241.5		231666.7		7.87E-02		1.27E+01		76.2		43.5102		38.1		57.1		0				0				0

														A2O Slow2		2.8		0.7368421053		1.31732130225935E+23		3.21521214961965E+18		39629		40971.5		779824.6		5.25E-02		1.90E+01		114.2		0		57.1				0				0				0

														A2O Slow1		2.8		0.7368421053		1.31732130225935E+23		1.26035292647033E+18		101096		104520.0		3177409.0		3.29E-02		3.04E+01		182.4		0		91.2				0				0				0

														A2O-1		1.9		0.6551724138		1.31732130225935E+23		1.38497950122096E+20		920		951.1		2758.3		3.45E-01		2.90E+00		17.4		2.9058		8.7		16.7		18.6		9.3		4.0548		21.8		0

														A2O-2		1.4		0.5833333333		1.31732130225935E+23		1.13746851613948E+20		1120		1158.1		3706.0		3.13E-01		3.20E+00		19.2		0.9408		9.6		4.9		19.8		9.9		3.80358		19.21		0

														A2O-3		1.1		0.5238095238		1.31732130225935E+23		8.46236049234475E+19		1506		1556.7		5775.3		2.70E-01		3.71E+00		22.26		4.799256		11.13		21.56		21.66		10.83		3.621552		16.72		0

														A2O-4		0.75		0.4285714286		1.31732130225935E+23		3.6273044445472E+19		3513		3631.7		20579.5		1.76E-01		5.67E+00		34		7.276		17		21.4		44.4		22.2		23.3544		52.6		0

														A2O-5		0.5		0.3333333333		1.31732130225935E+23		7.57523257366561E+18		16820		17389.8		215634.1		8.06E-02		1.24E+01		74.4		17.7072		37.2		23.8		27		13.5		5.616		20.8		120.2		60.1		18.6911		31.1

														A2O-6		0.25		0.2		1.31732130225935E+23		1.02967345866797E+18		123745		127935.8		4302908.5		2.97E-02		3.36E+01		201.8		55.495		100.9		27.5		32.2		16.1		2.2218		6.9		203.8		101.9		28.7358		28.2

														A2O-7		0.25		0.2		1.31732130225935E+23		1.23316164575988E+18		103326		106824.7		3283079.3		3.25E-02		3.07E+01		184.4		41.3056		92.2		22.4		17.38		8.69		1.17315		6.75		178.52		89.26		23.002302		25.77

																						A2O 300rpm		182.4		30.33312																		Sample		S:O Ratio		dhz		absErr		Sample		S:O Ratio		dhz		absErr

																						A2O 600rpm		114.2		21.38966																		A2O-6		0.25		201.8		55.495		O2A-6		0.25		105.6		21.7536

																						A2O Homo		76.2		43.5102																		A2O-7		0.25		184.4		41.3056		O2A-7		0.25		105		19.005

																						O2A Homo		15.2		0.6688																		A2O Slow1		2.8		182.4		30.33312		O2A BulkMix		2.8		20.4		9.4044

																																												A2O Slow2		2.8		114.2		21.38966		O2A Slow		2.8		15.2		0.6688

																																												A2O Homo		2.8		76.2		43.5102		O2A Homo		2.8		15		0.12

																																												A2O Slow 2		1.4		74.4		44.4		O2A Homo		1.4		19		1.054

																										Fit Curve		S:O Ratio

																										135.9716941794		0.15

																										106.7824718904		0.2

																										88.5310385917		0.25

																										75.9597125243		0.3

																										66.7341309417		0.35

																										59.6533412074		0.4

																										54.0339423187		0.45

																										49.4572953693		0.5

																										45.6520734395		0.55

																										42.4344049075		0.6

																										39.6750923969		0.65

																										37.2805930858		0.7

																										35.1814475913		0.75

																										33.324955437		0.8

																										31.6703795977		0.85

																										30.185714386		0.9

																										28.8454512926		0.95

																										27.629		1

																										26.5195502913		1.05

																										25.5032372401		1.1

																										24.568519152		1.15

																										23.7057074075		1.2

																										22.9066065052		1.25

																										22.1642352184		1.3

																										21.4726082522		1.35

																										20.8265635772		1.4

																										20.2216246359		1.45

																										19.6538894463		1.5

																										19.1199406541		1.55

																										18.6167720433		1.6

																										18.1417280842		1.65

																										17.6924538912		1.7

																										17.2668535495		1.75

																										16.8630552185		1.8

																										16.4793817548		1.85

																										16.1143258605		1.9

																										15.7665289603		1.95

																										15.4347631689		2

																										15.1179158326		2.05

																										14.814976224		2.1

																										14.5250240476		2.15

																										14.2472194738		2.2

																										13.9807944683		2.25

																										13.725045225		2.3

																										13.4793255397		2.35

																										13.2430409926		2.4

																										13.0156438245		2.45

																										12.7966284126		2.5

																										12.5855272652		2.55

																										12.3819074674		2.6

																										12.1853675181		2.65

																										11.9955345105		2.7

																										11.8120616121		2.75

																										11.6346258075		2.8

																										11.4629258737		2.85

																										11.2966805583		2.9

																										11.1356269397		2.95

																										10.9795189457		3





				0.12		0.12

				1.054		1.054

				0.228		0.228

				1.9264		1.9264

				1.8522		1.8522

				1.4208		1.4208

				21.7536		21.7536

				19.005		19.005



Hydrodynamic Diameter (z.nm)

O2A



				2.9058		2.9058

				0.9408		0.9408

				4.799256		4.799256

				7.276		7.276

				17.7072		17.7072

				55.495		55.495

				41.3056		41.3056



A2O



						0.12		0.12		0.12		0.12

						1.054		1.054		1.054		1.054

						0.228		0.228		0.228		0.228

						1.9264		1.9264		1.9264		1.9264

						1.8522		1.8522		1.8522		1.8522

						1.4208		1.4208		1.4208		1.4208

						21.7536		21.7536		21.7536		21.7536

						19.005		19.005		19.005		19.005





						30.33312		30.33312		30.33312		30.33312

						21.38966		21.38966		21.38966		21.38966

						43.5102		43.5102		43.5102		43.5102



O2A



						30.33312		30.33312		30.33312		30.33312

						21.38966		21.38966		21.38966		21.38966

						43.5102		43.5102		43.5102		43.5102



O2A v A2O



		



S/O Ratio



		



Mole Fraction Oil %

SA/V



				30.33312		30.33312

				21.38966		21.38966

				43.5102		43.5102

				0.6688		0.6688



Mixing Style

Hydrodynamic Diameter (z.nm)



				0.12		0.12

				1.054		1.054

				0.228		0.228

				1.9264		1.9264

				1.8522		1.8522

				1.4208		1.4208

				21.7536		21.7536

				19.005		19.005



Surfactant:Phytonadione (Molar Ratio)

Hydrodynamic Diameter (z.nm)

O2A



								55.495		55.495		21.7536		21.7536

								41.3056		41.3056		19.005		19.005

								30.33312		30.33312		9.4044		9.4044

								21.38966		21.38966		0.6688		0.6688

								43.5102		43.5102		0.12		0.12

								44.4		44.4		1.054		1.054



A2O

O2A

Fit

Surfactant : Phytonadione (Molar Ratio)

Hydrodynamic Diameter (z.nm)



		

						rh				rh				rh

						number				weight				Z

				2.8		6.5		2.8		8		2.8		8.6

				1.9		7.8		1.9		8.5		1.9		9.1

				1.4		8.97		1.4		9.2		1.4		9.5

				1.1		10.45		1.1		11.3		1.1		11.6

				0.7		14.31		0.7		14.9		0.7		15.5

				0.5		17.43		0.5		19.1		0.5		20.3

				0.25		22.56		0.25		39.8		0.25		53.5

						dhn				dhw				dhz

				2.8		13				16				17.2

				1.9		15.6				17				18.2

				1.4		17.94				18.4				19

				1.1		20.9				22.6				23.2

				0.7		28.62				29.8				31

				0.5		34.86				38.2				40.6

				0.25		45.12				79.6				107

						S:O		DLS dhz		err

						2.8		15		0.12

						1.9		17		1.054

						1.4		19		0.228

						1.1		22.4		1.9264

						0.7		29.4		1.8522

						0.5		38.4		1.4208

						0.25		105.6		21.7536





		





		





		





		



Surfactant:Oil Molar Ratio

Hydrodynamic Radius (nm)



		



Surfactant:Oil Molar Ratio

Hydrodynamic Diameter (nm)



										0.12		0.12

										1.054		1.054

										0.228		0.228

										1.9264		1.9264

										1.8522		1.8522

										1.4208		1.4208

										21.7536		21.7536



AF4 dhn

AF4 dhw

AF4 dhz

DLS dhz

Surfactant:Oil Molar Ratio

Hydrodynamic Diameter (nm)









(49)

)T:

This form of the Gibbs equation shows that the slope of a plot of y versus the logarithm of
concentration (or activity if the solution is nonideal) measures the surface excess of the solute.
It might also be noted that the choice of units for concentration is immaterial at this point.
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